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PREFACE  TO  THE  TENTH  EDITION. 


It  has  been  the  aim  in  this  edition  to  incorporate  in  the  text  some 
account  of  the  more  important  advances  in  the  knowledge  of  pathology 
which  have  been  made  during  the  past  three  years.  These  have  taken 
place  along  many  lines.  Some  of  them  involve  changes  in  the  point  of 
view;  a  few  are  actual  achievements  of  research;  while  some  concern  new 
technical  procedures. 

The  references  have  been  freshened,  and  in  places  considerably 
increased.  A  few  new  cuts  have  been  added,  replacing  or  supplementing 
the  old. 

The  general  aims  of  the  book  and  the'  acknowledgments  which  are 
due  to  earlier  friendly  cooperation  are  set  forth  in  the  preface  to  the  former 
edition  which  has  been  retained. 

T.  MITCHELL  PRUDDEN 

FRANCIS  CARTER  WOOD 


Ul 


PREFACE  TO  THE  NINTH  EDITION. 


In  this,  as  in  former  editions  of  this  work,  it  is  aimed,  first,  to  give 
to  students  and  practitioners  of  medicine  the  knowledge  necessary  for 
the  making  of  autopsies,  the  preservation  of  tissues  and  their  prepara- 
tion for  microscopic  examination;  second,  to  consider  the  characters 
of  the  general  processes  which  underlie  the  various  manifestations  of  dis- 
ease; third,  to  set  forth  the  nature  of  infection  and  immunity,  and  to  de- 
scribe concisely,  with  such  illustrations  as  seem  necessary,  the  lesions  of 
the  acute  infectious  diseases  and,  so  far  as  they  are  known,  the  micro- 
organisms inciting  them,  the  various  phases  of  degeneration  and  inflam- 
mation, the  characters  of  tumors,  and  the  lesions  of  the  general  diseases, 
of  poisoning,  and  of  violent  deaths;  and,  finally,  to  describe  briefly  the 
special  lesions  of  different  tissues  and  organs  of  the  body. 

In  this  edition,  the  section  devoted  to  general  pathology  has  been  re- 
written and  expanded,  and  various  phases  of  pathological  physiology  have 
received  more  attention  than  formerly.  Also,  in  this,  still  more  than  in 
the  last  editions,  stress  has  been  laid  upon  the  relationships  of  pathology 
to  the  allied  phases  of  biological  science,  and,  where  it  might  be  done 
without  hazard  to  the  more  urgent  practical  aims  of  the  work,  disease 
has  been  considered  as  an  adaptive  process,  and  pathology  viewed  as  one 
aspect  of  the  diverse  manifestations  of  life  and  energy,  rather  than 
as  belonging  to  a  special  and  exclusively  human  domain. 

Dr.  Delafield  no  longer  shares  in  the  preparation  of  the  work:  so 
that  the  writer,  deprived  of  the  wise  counsel  and  large  experience  of 
the  senior  author,  is  alone  responsible  for  such  alterations  and  additions 
as  have  been  made  in  this  as  in  the  last  three  revisions. 

The  great  and  rapid  accumulation  of  data  in  the  wide  field  which 
this  book  covers  has  made  necessary  the  exclusion  in  large  measure 
of  those  phases  of  clinical  diagnosis  and  practical  bacteriology  which  are 
now  more  adequately  covered  in  special  and  in  larger  treatises.  The 
limitations  of  the  book  have  made  it  necessary  also  to  omit  the  con- 
sideration of  many  suggestive  facts  and  recent  alluring  speculations 
bearing  upon  various  aspects  of  pathological  physiology,  the  significance 
and  value  of  which  are  not  yet  adequately  determined. 

The  book  has  been  largely  revised.  A  few  of  the  older  illustrations 
have  been  discarded,  while  over  forty  new  ones  have  been  added. 

The  references  in  foot-notes  have  been  revised  and  considerably 
increased,  the  intention  in  these  has  been  in  part  to  indicate  special 
studies  or  reviews  relating  to  the  theme  under  consideration;  but  more 
particularly  to  point  out  here  and  there  publications  in  which  a  fuller 


VI  PREFACE  TO   THE   NINTH    EDITION 

bibliography  may  be  found  than  is  consistent  with  the  scope  and  limi- 
tations of  this  work. 

The  chapter  on  the  Blood  and  the  Blood-forming  Organs  and  the 
chapter  on  Tumors  have  been  rewritten,  and  the  section  on  Malaria 
revised,  by  Professor  Francis  Carter  Wood.  My  obligation  to  Professor 
Wood  is  very  great,  not  only  for  the  revisions  of  the  text  indicated, 
but  for  many  helpful  suggestions  embodied  throughout  the  work  and 
for  counsel  and  aid  without  which  the  preparation  of  this  edition 
would  have  been  impracticable. 

For  assistance  in  the  preparation  of  material  brought  forward  from 
the  last  edition  I  wish  to  express  my  continuing  indebtedness  to  Drs. 
F.  R.  Bailey,  Edward  Leaming,  and  W.  C.  Clarke,  and  to  Professors 
F.  C.  Wood,  Philip  Hanson  Hiss,  John  H.  Larkin,  and  Augustus  B. 
Wadsworth. 

To  Professors  Hiss,  Wadsworth,  Zinsser,  and  Wright,  and  to  Drs. 
Flexner,  Noguchi,  and  Terry  I  am  indebted  for  the  privilege  of  repro- 
ducing photographs  and  for  many  helpful  suggestions. 

I  wish,  finally,  to  record  my  appreciation  of  the  skilful  service  and 
invaluable  cooperation  of  Miss  S.  M.  Wood  in  the  final  preparation  for 
the  press  of  the  material  for  this  edition,  in  correcting  the  proof,  and  in 
indexing  the  work. 

T.  MITCHELL  PRUDDEN 
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GENERAL  PATHOLOGY. 


INTRODUCTION. 

The  successful  pursuit  of  pathology — the  science  which  treats  of 
disease — depends  largely  upon  the  clearness  and  accuracy  of  the  student's 
knowledge  of  normal  anatomy  and  normal  physiology.  The  possession 
of  such  knowledge  by  the  reader  is  necessarily  assumed  in  this  epitomized 
presentation  of  a  large  and  rapidly  extending  field  of  observation  and 
research. 

The  Nature  of  the  Living  Body. — Leaving  aside  as  not  indispensable, 
and  at  present  not  attainable,  an  accurate  definition  of  life,  it  is  impor- 
tant constantly  to  realize  that  the  normal  living  body  is  a  complex 
and  delicate  mechanism  incapable  of  creating  new  forces,  but  able,  by 
means  of  its  cellular  and  molecular  organization,  to  accumulate  or  store 
energy  derived  from  without,  releasing  this  under  fixed  and  definite 
conditions.  This  storing  of  energy  is  possible  by  means  of  the  capacity  of 
living  body-cells  to  build  up  complex  molecular  combinations.  These, 
owing  to  their  instability,  may  be  readily  resolved  into  less  complex  and 
more  stable  combinations  with  the  release  of  the  stored-up  energy. 
This  it  is  which  makes  possible  all  expression  of  life. 

The  Chemistry  of  Life. — The  complex  molecular  combinations  through 
which  energy  is  stored  and  released  by  cells  during  the  processes  of  life 
areespecially  characterized  by  their  content  of  carbon,  nitrogen,  hydrogen, 
oxygen,  and  sulphur.  Iron  and  phosphorus  are  found  in  some  of  them 
while  numerous  other  elementary  substances  often  share  in  their  composi- 
tion. Such  molecular  combinations  are  called  proteins.  There  is  reason 
to  believe  that  the  proteid  molecule  is  of  great  size  and  complexity,  that 
during  life  it  is  capable  of  entering  upon  an  exceedingly  great  variety  of 
combinations  and  readjustments  of  its  structure  conditioned  upon  heredity 
and  environment. 

While  the  chemist  in  his  researches  deals  largely  with  dead  protein,  it 
has  been  found  convenient  by  certain  writers  to  embody  a  conception 
of  the  living  proteid  molecule  in  the  terms  biophore  or  biogen. 

It  is  inevitable  that  the  proteins  and  their  performances  while  sharing 
in  the  processes  of  life,  and  the  various  influences  which  determine  these 
performances,  should  fix  the  storm  centre  of  research  into  the  nature  of 
life  and  offer  the  highest  promise  of  light  upon  the  ultimate  and  funda- 
mental problems  of  biology.  But  we  must  be  patient  and  not  too  eager 
to  carry  the  formulae  and  the  working  hypotheses  of  the  chemists,  with- 
out due  reserve,  over  into  the  domain  of  living  things,  whose  story  and 
performances,  and  limitations  we  are  only  just  beginning  to  spell  out. 

The  details  of  the  chemistry  of  the  life  processes,  so  far  as  they  are 
known,  and  their  relationship  to  protein  substances  and  protein  metab- 
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olism  in  general,  to  ferments  and  to  enzymes,  and  a  consideration  of  the 
successes,  the  hopes,  and  the  dreams  of  the  chemists  within  this  borderland 
of  living  matter,  belong  in  those  studies  in  physiological  chemistry  and 
chemical  physiology  which  naturally  precede  the  consideration  of  the 
problems  of  pathology,  and  should  be  sought  in  special  treatises. 

The  Characters  of  Disease. — Many  of  the  earlier  views  concerning  life 
and  death  and  health  and  disease,  which  have  long  since  given  way  to 
more  accurate  conceptions,  still  hold  a  certain  sway  among  the  thought- 
less, perpetuated  by  traditional  forms  of  speech.  One  of  these  is  that 
disease  is  an  entity,  something  foreign  to  the  body  which  may  enter  from 
without,  and  with  which  the  body  may  struggle  and  fight,  which  it  may 
conquer  or  to  whose  ravages  it  may  succumb.  It  will  be  wise  for  the 
student  constantly  to  remember  that  disease  is  not  a  thing,  but  a  process. 
It  is  an  abnormal  performance  of  certain  of  the  functions  of  the  body. 
This  may  or  may  not  be  associated  with  appreciable  morphological  altera- 
tions of  the  body  structure.  It  is  those  agencies  and  conditions  to  which 
the  body  has  not  adapted  itself,  which,  swaying  its  normal  capacities  now 
one  way  and  now  another,  induce  the  functional  aberrations  and  struc- 
tural alterations  by  which  disease  is  manifested. 

It  follows  from  this  that  the  functional  abnormalities  and  the  struc- 
tural alterations  which  make  up  the  signs,  symptoms,  and  lesions  of  dis- 
ease involve  the  expression  of  no  new  functional  capacities  which  the 
normal  body  does  not  possess.  These  may  be  diminished  or  exalted; 
they  may  be  perverted  or  abolished;  or  the  cells  may  now  and  then  re- 
vert to  forms  and  to  phases  of  activity  which  the  body  has  long  since 
outgrown  or  largely  suppressed  in  its  slow  adaptation  to  conditions  of 
life  which  now  constitute  the  normal.  But  the  body  in  disease  manifests 
no  new  functions,  develops  no  new  forms  of  energy,  reveals  no  new 
capacities. 

The  Significance  of  Cells  in  Pathology. — If  pathology  is  to  be  for  the 
student  or  the  practitioner  anything  but  a  mass  of  more  or  less  useful  facts 
he  must  learn  to  correlate  its  data  with  the  facts  and  laws  of  normal 
morphology  and  normal  physiology.  While  he  should  be  conscious 
always,  on  the  one  hand,  of  the  invisible  molecular  changes  which  under 
lie  the  manifestations  of  energy,  and,  on  the  other,  will  not  ignore  the 
details  of  gross  morphology,  his  attention  will  be  most  constantly  drawn 
to  the  cells  as  the  life  units  upon  which  ultimately  both  the  form  and 
function  of  living  things  depend.  He  will  realize  that  as  the  cells  of  the 
normal  body  are  what  they  are  in  form  and  in  function  because  of  the 
conditions  under  which  they  have  been  slowly  evolved,  and  are  at  the 
moment  placed;  so  when  the  conditions  change  and  become  abnormal, 
it  is  to  the  cells  that  he  must  look  for  an  understanding  of  the  aber- 
rations and  disturbances  by  which  we  recognize  disease. 
.  In  normal  physiology  attention  is  most  keenly  centred  to-day  upon 
the  structure  and  performances  of  cells  as  the  field  richest  in  the  promise 
of  significant  revelations.  ^  So,  also,  in  pathology  by  similar  methods 
and  with  equal  persistence  must  the  structure  and  performances  of  cells 
under  abnormal  conditions  be  studied  if  we  are  to  hope  with  reason  for 
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a  clearer  comprehension  of  disease.  This  has  long  been  recognized,  and 
to  the  conception  of  the  pathological  processes  as  essentially  cellular 
processes  are  due  the  great  advances  which  this  phase  of  biological  science 
has  made  during  the  past  few  decades.  But  the  newer  knowledge  of  the 
cell,  not  as  a  membranous  bag  nor  as  a  mere  lump  of  protoplasm,  but  as 
a  complex  machine  whose  various  structural  features  are  of  the  utmost 
significance,  has  greatly  widened  the  field  of  cellular  pathology. 

Manifestations  of  heredity  which  are  displayed  in  the  body  as  a 
whole  have  long  been  known.  To-day  we  may  and  must  take  account 
of  the  marks  of  heredity  in  individual  cell  life.  Not  a  few  of  what  we 
call  the  aberrances  of  cells  in  disease  are  but  the  expression  of  cell  traits 
and  capacities  latent  in  the  environment  which  has  become  the  usual  and 
therefore  the  normal,  but  finding  expression  as  the  sway  of  the  body- 
organism  is  released  under  disturbances  of  its  equilibrium.  Thus  cells 
thrown  out  of  function  may  in  a  measure  revert  in  character  to  less  dif- 
ferentiated types,  and  cells  long  comparatively  quiescent  may,  under 
varying  stimuli,  assume  capacities  and  forms  which  they  seemed  to  have 
outgrown. 

Of  course,  in  the  pursuit  of  pathological  morphology  it  is  the  dead 
body  and  dead  tissues  with  which  we  are  most  often  engaged.  But  these 
are  of  special  interest  only  as  they  reveal  structures  or  indicate  processes 
which  were  maintained  during  life.  So  that  he  who  can  most  closely 
correlate  the  knowledge  of  the  living  cells  with  his  observations  upon 
those  which  are  dead  will  gain  most  from  his  morphological  studies. 

The  Interrelationsllip  of  Cells  and  of  Organs. — While  the  pathology  of 
to-day  is  essentially  a  cellular  pathology,  while  it  is  illuminating  and  con- 
venient to  consider  the  cells  as  physiological  and  structural  units,  main- 
taining a  certain  independence  of  existence  and  function,  it  is  neverthe- 
less true  that  beyond  their  mere  juxtaposition  in  the  body,  beyond  a  close 
mutual  dependence  upon  the  common  blood  supply  and  nerve  control, 
there  is  a  subtle  and  as  yet  little  understood  transmission  of  physiological 
impulses  from  cell  to  cell.  Whether  this  is  often  by  protoplasmic  con- 
tinuity or  usually  in  some  other  way,  we  do  not  know.  But  it  should  not 
be  left  out  of  the  account  in  some  of  the  more  complex  and  subtle  prob- 
lems which,  in  health  as  in  disease,  the  life  of  the  cell  and  the  life  of  the 
body  present. 

The  interrelationship  of  organs,  and  the  innervation  and  circulation 
which  they  share  in  common,  have  most  important  bearings  upon  both 
the  morphology  and  physiology  of  disease.  This  relationship  will  be 
considered  briefly  in  the  later  chapters  of  this  book,  but  should  receive 
especial  attention  in  the  study  of  clinical  pathology. 

The  £zcitants  of  Disease. — When  we  study  the  so-called  causes  of 
disease,  we  should  remember  always  that,  underlying  the  manifestations 
of  disease,  as  well  as  sustaining  the  correlated  processes  which  we  name 
health,  are  the  complex  and  ceaseless  chemical  transformations  which  in 
both  health  and  disease  alike  supply  the  energy  which  sustains  all  ex- 
pression of  life.  So  that  what  we  are  wont  to  call  the  causes,  whether 
external  or  internal,  of  disease  are  really  not  primary  causes,  but  liber- 
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ating  impulses  or  excitants  which  sway  and  modify  the  orderly  transfor- 
mations of  energy  constituting  health,  with  those  manifestations  of  per- 
turbed function  or  altered  structure,  or  both,  on  which  our  conceptions  of 
disease  are  framed. 

Phases  and  Classifications  of  Pathology* — ^Pathology,  then,  deals  with 
the  disturbances  of  function  and  the  alterations  in  structure  in  living 
beings,  induced  by  unusual  agencies  and  conditions.  The  functional 
disturbances  thus  induced  are  embraced  as  symptoms  of  disease  in 
pathological  physiology,  which  so  largely  dominates  the  scientific  activi- 
ties of  the  physician  and  forms  the  basis  for  the  practice  of  his  art.  The 
phenomena  of  pathological  physiology  are  in  no  sense  opposed  to  those 
of  normal  physiology,  but  are  their  inevitable  correlatives  when  the 
living  body  is  placed  under  suflSciently  abnormal  conditions.  Patho- 
logical morphology  is  concerned  with  the  structural  alterations  of  the 
organism  which  may  result  from  abnormal  conditions.  Pathological 
morphology  deals  with  both  the  gross  and  the  microscopic  alterations  of 
structure,  and  hence  embraces  both  pathological  anatomy  and  pathological 
histology. 

But  alterations  in  structure  are  so  closely  associated  with  disturbances 
in  function,  and  both  are  so  constantly  dependent  upon  the  inciting  fac- 
tors in  disease,  that  an  intelligent  study  of  morphology  necessitates  a 
constant  consideration  of  etiology  and  of  certain  phases  of  pathological 
physiology. 

It  is  customary  and  convenient  in  the  study  of  pathology  to  consider 
together  the  general  or  elementary  abnormal  processes  and  conditions 
and  the  etiological  factors  in  disease  without  reference  to  their  special 
manifestations  in  particular  organs  or  parts  of  the  body.  This  division 
of  the  subject  is  called  General  Pathology.  Special  Pathology  deals  with 
the  forms  and  details  of  lesions  in  individual  organs  or  parts  of 
the  body. 

Correlated  Sciences. — The  human  body  is  so  complex  in  its  organiza- 
tion that  the  student  of  pathology,  like  the  student  of  normal  morphology 
and  physiology,  is  under  the  constant  necessity  of  seeking  light  through 
the  study  of  simpler  organisms.  In  our  extremely  differentiated  and 
intimately  co-ordinated  cells,  many  features  fundamentally  simple  are 
veiled  or  modified;  so  that  we  can  understand  them  only  when  we  inter- 
pret them  in  the  light  of  less  advanced  forms. 

Thus  it  is  that  in  the  lore  of  the  zoologist  and  the  botanist  we  may 
find  the  key  to  obscure  and  important  manifestations  of  aberrant  cell 
life.  It  is,  in  truth,  through  the  pursuit  of  comparative  pathology  that 
some  of  our  greatest  advances  in  the  conceptions  of  disease  have  been 
won,  and  in  it  lies  the  brightest  promise  for  the  future.  In  the  light  of 
embryology  many  obscure  pathological  processes  become  plain  and  many 
clews  to  fruitful  research  are  secured. 

Furthermore,  so  much  depends  upon  the  metabolism  of  the  body  in 
health  and  disease  that  it  is  to  chemistry,  both  in  health  and  disease, 
that  the  scientific  physician  looks  most  eagerly  for  the  solution  of  prob- 
lems which  each  day  become  more  numerous  and  urgent. 
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Finally,  we  are  daily  realizing  more  clearly  that  in  those  complex  and 
subtle  processes  which  we  are  wont  to  call  vital,  such  physical  factors  as 
molecular  constitution,  surface  tension,  osmosis  and  diffusion,  gravitation, 
elasticity,  and  pressure  are  of  the  highest  significance  and  in  our  studies 
cannot  be  wisely  ignored. 


CHAPTER  I. 

THE  CONDITIONS  OF  DISEASE. 

Adaptation  in  Health  and  Disease. — The  human  body,  like  other 
living  organisms,  has  acquired  its  present  form  and  its  varied  functions 
through  gradual  adaptation  to  its  environment. 

The  maintenance  of  the  normal  life  of  the  body  involves  a  normal 
mechanism  and  impulse  to  start  with,  and  a  constant  and  successful 
adjustment  to  the  conditions  under  which  it  is  placed.  While  the 
continuance  of  the  state  which  we  call  health  depends  upon  the  approxi- 
mate maintenance  of  the  external  conditions  to  which  the  body  has 
become  adapted,  it  should  be  borne  in  mind  that  the  adaptive  capacity 
of  the  body  is  in  many  ways  so  effective  that  it  can  maintain  its  normal 
structure  and  functions  in  spite  of  unusual  surroundings  and  adverse 
influences.  Thus,  for  example,  the  body  can  adapt  itself,  within  the 
limits  of  what  we  call  health,  to  alterations,  deficiencies,  or  excesses  of 
nutrient  material;  to  varying  extremes  of  heat  or  cold,  moisture  or  dry- 
ness; to  electrical  tension;  to  animal  and  vegetable  parasites;  and  to 
various  poisons,  both  those  which  come  from  without  and  those  which 
result  from  faulty  metabolism.  Beyond  certain  rather  ill-defined  limits, 
however,  the  adaptive  capacity  cannot  go,  and  disease  results. 

Disposition  to  Disease. — The  adaptive  capacity  may  vary  greatly  in 
different  individuals,  depending  upon  age,  sex,  race,  etc.,  so  that  adverse 
conditions  which  one  individual  can  sustain  without  marked  functional 
disturbance  or  structural  damage  may  induce  in  another  more  or  less 
serious  disease.  There  is  thus  disposition  and  relative  immunity  to  dis- 
ease. For  example,  children  are  in  general  much  more  disposed  to  cer- 
tain diseases  than  are  adults.  This  disposition  to  disease  is  not,  however, 
always  fixed,  but  may  give  way  to  immunity  under  conditions  which  we 
shall  study  especially  in  the  acute  infections. 

Disposition  to  disease  may  be  inherited  and  find  expression  through 
obvious  structural  abnormalities  or  through  subtle  functional  defects, 
difficult  or  impossible  to  define  or  detect. 

Classes  of  Disease  Conditions. — The  harmful  conditions  to  which  the 
body  may  be  subjected  and  which  incite  disease  may  be  divided  into  two 
classes,  external  and  internal.  We  may  thus  speak  of  external  and  inter- 
nal conditions  of  disease. 

It  does  not  fall  within  the  scope  of  this  book  to  enter  upon  a  dis- 
cussion of  the  many  and  varied  conditions  under  which  disease  occurs, 
nor  to  place  in  array  the  many  and  wearisome  phases  of  classification 
which  have  been  more  or  less  imposing  or  useful  in  the  earlier  days  of 
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pathology  and  medical  practice.  We  shall  consider  here  only  some  of 
the  more  general  conditions  of  disease,  referring  for  a  study  of  the  de- 
tails of  the  specific  excitants  to  later  chapters. 

£ztenial  Conditions  of  Disease. 

Disturbances  of  Nutrition* — The  body  may  suffer  through  excessive 
or  deficient  nourishment.  Too  much  food  may  in  certain,  though  not 
in  all,  persons  lead  to  an  abnormal  accumulation  of  fat.  Too  much  food 
or  unsuitable  food  may  lead  to  disorders  of  the  digestive  apparatus 
or  it  may  lead  to  the  production  within  the  body  of  metabolic  sub- 
stances which  seriously  damage  important  organs.  There  is  much 
reason  for  believing  that  through  such  faulty  metabolism  forms  of 
auto-intoxication  may  arise  which  damage  the  parenchyma  of  the 
liver  and  kidney,  for  example,  so  that  structural  as  well  as  functional 
disorders  arise. 

On  the  other  hand,  through  insuflScient  nutriment  the  fat  may 
disappear,  the  voluntary  muscle  substance  diminish,  and  the  blood 
deteriorate.  Inanition  may,  however,  occur  in  persons  whose  food 
supply  is  both  abundant  and  suitable;  for  example,  in  structural  or 
functional  disorders  of  the  digestive  organs,  in  the  insane,  etc.  Nutri- 
tion may  suffer  also  in  the  absence  of  a  suflScient  amount  of  water  or 
proteids  or  inorganic  salts  in  the  food.^ 

Air  Supply. — Through  the  function  of  respiration  a  supply  of  oxygen  is 
furnished  to  the  blood  in  the  recesses  of  the  lungs,  and  excretory  prod- 
ucts are  carried  off.  The  failure  of  this  function  may  be  due  to  a  lack 
of  air  bearing  the  oxygen  or  some  interference  with  the  respiratory 
channels  or  mechanism.  The  failure  of  oxygen  to  reach  the  lungs  in 
proper  condition  and  quantity  is  followed  by  forcible  respiratory  efforts 
which  mark  dyspnapa.  A  fatal  suppression  of  respiration  by  the  ex- 
clusion of  air  is  called  suffocation  or  strangulation.  Asphyxia  is  a  con- 
dition in  which  respiration  is  suspended,  but  the  heart  continues  to  beat. 
This  condition  is  of  frequent  occurrence  in  the  new-born,  and  is  associ- 
ated with  many  forms  of  disease  of  the  respiratory  organs.  For  a  more 
detailed  consideration  of  asphyxia,  suffocation,  and  strangulation  see 
p.  442. 

Occupation. — Many  diseases  are  closely  dependent  in  origin  upon 
unsanitary  conditions  associated  with  occupation.  The  dusty  air 
prevalent  in  many  stores,  factories,  theatres,  court-rooms,  prisons, 
schools,  etc.,  may  damage  the  lungs  directly  and  render  them  more 
vulnerable  in  the  presence  of  pathogenic  micro-organisms.  The  high 
temperature  and  foul  air  common  in  many  places  of  work  or  assembly 
may  be  serious  predisponents  to  disease.  Finally,  the  abuse  of  alco- 
holic drinks  and  tobacco  may  be  cited  among  many  common  excesses 
as  agencies  through  which  the  conditions  of  disease  are  fulfilled. 

Damage  from  Excessive  or  Deficient  Heat. — Through  the  heat-regu- 

1  Consult  for  details,  Lu$k.  "Elements  of  the  Science  of  Nutrition,"  2d  edition,  1011:  and  Wella, 
"Chemical  Pathology,"  2d  edition.  1914. 
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lating  mechanism  of  the  body  a  remarkable  adaptation  to  moderate 
elevations  of  temperature  is  possible.  But  the  maintenance  of  life  is 
incompatible  with  very  high  temperatures. 

Local  exposure  to  both  extreme  heat  and  extreme  cold  induces  necro- 
sis and  various  phases  of  inflammation  of  the  tissues. 

Death  may  be  caused  by  the  inspiration  of  smoke  and  flame;  by  the 
drinking  of  hot  fluids;  by  the  direct  contact  of  flame  or  hot  substances 
with  the  external  surface  of  the  body.  It  may  be  due  to  the  direct  effect 
of  the  agents,  to  secondary  affections  of  the  viscera,  or  to  the  exhaustion 
produced  by  long-continued  inflammation  and  suppuration.  Sudden 
death  may  occur  after  extensive  burnings  of  the  skin.* 

The  burned  skin  divested  of  epidermis  may  present  a  peculiar  red,  hard,  parchment- 
like appearance.  If  the  patient  have  lived  for  some  time,  suppuration  of  the  injured 
surface  may  ensue.  Or  there  are  small,  bladder-like  elevations  of  the  epidermis.  The 
base  of  these  blisters  is  red,  and  they  are  surrounded  by  a  red  zone,  or  suppuration 
may  have  commenced.  These  appearances  cannot  be  produced  by  heat  applied  to 
the  skin  after  death. 

After  death  from  severe  burns  there  is  apt  to  be  congestion  of  the  brain  and  the 
thoracic  and  abdominal  viscera.  The  lymph-nodes  and  the  lymphatic  tissues  through- 
out the  body  may  be  swollen  and  the  seat  of  endothelial  cell  proliferation  and  necrosis. 
There  is  usually  albuminous  degeneration  of  the  liver  and  kidneys;  the  spleen  is 
swollen,  and  the  seat  of  focal  necrosis.  Focal  necrosis  in  the  bone  marrow  has  been 
noted.  There  may  be  capillary  thromboses,  interstitial  haemorrhages  in  the  kidney, 
and  leucocytosis.  These  lesions  indicate  the  presence  of  toxic  substances  in  the  body 
fluids,  and  thus  the  general  condition  may  be  regarded  as  an  instance  of  auto-intoxi- 
cation.' 

Secondary  lesions  are  not  infrequent  after  severe  burns.  There  may  be  oedema  of 
the  glottis,  pseudo-membranous  inflammation  of  the  larynx  and  trachea,  pneumonia, 
ulceration  of  the  duodenum,  and  pysemia  with  infarctions  in  the  lungs,  liver,  spleen, 
and  kidneys. 

Excessive  cold  may  lead  to  the  extinction  of  life  in  the  body  as  a 
whole  or  in  exposed  parts,  which  cannot  long  resist  freezing. 

Electricity. — Lightning, — ^Persons  who  are  struck  by  lightning  may  die 
instantly,  or  may  continue  for  several  hours  comatose  or  delirious,  and 
then  either  die  or  recover;  or  they  may  die  after  some  time  from  the  effects 
of  the  burns  and  injuries  received. 

The  post-mortem  appearances  are  very  variable.  Sometimes  there 
are  no  marks  of  external  violence  or  internal  lesions.  Sometimes  the 
clothes  are  burnt  and  torn,  while  the  skin  beneath  them  is  unchanged. 
Usually  there  are  marks  of  contusion  and  laceration,  or  ecchymoses, 
or  lacerated,  punctured  wounds,  or  fractures  of  the  bones,  or  super- 
ficial or  deep  bums.  The  track  of  the  electric  current  may  sometimes 
be  marked  by  dark  red  arborescent  streaks  on  the  skin.  Fractures 
are  rare. 

The  internal  viscera  may  be  lacerated  and  disorganized  from  lightning. 

Artificial  Electrical  Currents. — In  death  from  powerful  artificial  elec- 
trical currents,  either  by  accident,  as  in  linemen  and  others,  or  in  elec- 

1  For  a  study  of  sudden  death  following  severe  bums,  consult  Sxlbermann^  Virch.  Arch.,  Bd.  cix., 
p.  488.  1890.  bib. 

'  For  a  study  of  the  visceral  changes  following  extensive  bums,  consult  Bardeen,  Jour.  Exp.  Med., 
vol.  ii.,  p.  501,  1897,  bib.  McCrae,  Trans.  Ass.  Am.  Phys.,  vol.  xvi..  1901,  p.  153;  also,  Locke,  Boston 
Med.  and  Suig.  Jour.,  vol.  cxlvii.,  p.  480,  1902,  bib. 
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trical  executions,  there  may  be  local  burnings  of  varying  degree  where 
the  wires  or  electrodes  come  in  contact  with  the  skin.  The  clothes  may 
be  pierced  with  holes  at  the  point  of  exit  of  the  current.  Internally 
there  appear  to  be  no  marked  or  characteristic  lesions,  either  gross  or 
microscopical,  in  this  form  of  death.  Van  Gieson  and  others  have  ob- 
served the  occasional,  but  not  constant,  occurrence  of  small  haemor- 
rhages in  the  floor  of  the  fourth  ventricle,  the  significance  of  which  is 
doubtful.  Other  petechial  spots  have  been  observed  beneath  the 
serous  surfaces  of  the  endocardium,  pericardium,  and  pleura,  and  on  the 
spleen.* 

Roentgen  Rays  and  Radium.^ — ^Exposure  of  the  tissues  to  the  x-rays  or 
radium  in  suflScient  quantity  gives  rise  to  a  simple  inflammation  of  the 
skin,  which  may  be  limited  to  a  slight  erythema,  may  cause  a  loss  of  the 
superficial  epithelium,  or  may  produce  deep  ulceration.  The  radiation 
of  organs  also  causes  destruction  of  the  parenchymal  cells  with  an  increase 
in  the  connective  tissue.  As  a  rule,  young  and  rapidly  growing  cells  are 
more  sensitive  to  the  action  of  radium  than  are  the  mature  cells;  the  lym- 
phoid and  marrow  tissues  are  especially  sensitive;  and  tumor  cells  are 
also  more  easily  affected  than  normal  cells.  This  is  apparently  due 
chiefly  to  the  action  of  the  radium  or  the  x-rays  on  the  capillary  blood- 
vessels, and  not  to  an  extreme  sensitiveness  of  the  tumor  cell  itself,  for 
in  cultures  of  cells  in  vitro  there  is  but  little  difference  in  resistance  be- 
tween embryonic  growing  cells,  adult  tissue  cells,  and  tumor  cells.  The 
cellular  changes  are  most  marked  at  the  end  of  about  ten  days  after  the 
exposure,  and  consist  in  an  intercellular  oedema,  a  shrinkage  of  the 
parenchymal  cells  of  the  organ  or  tumor,  with  the  formation  of  syncytium, 
ajid  a  tendency  to  pycnosis  of  the  nuclei.  The  blood-vessels  often  show  a 
marked  subendothelial  hyperplasia,  at  times  leading  to  almost  complete 
closure.  Thrombi  are  not  infrequent  in  the  smaller  vessels  with  local 
haemorrhages.  Some  weeks  later  when  the  phagocytes  have  carried  off 
the  dead  cells,  the  connective  tissue  will  form  a  firm  scar,  poorly  vas- 
cularized as'  a  rule,  though  there  may  remain  some  distended  venules 
under  the  surface  of  the  skin.  It  is  possible  to  destroy  completely  some 
superficial  carcinomata  of  the  skin  by  means  of  radium  or  the  x-ray,  but 
as  yet  there  is  no  evidence  to  show  that  these  agents  have  any  permanent 
effect  on  rapidly  growing  glandular  carcinomata  or  sarcomata.  After 
prolonged  exposure  to  the  x-ray  carcinomata  of  the  skin  frequently  develop. 
In  line  with  the  marked  effect  on  the  bone  marrow  exerted  by  the  x-ray  is 
the  occurrence  of  a  number  of  cases  of  leukaemia  in  x-ray  workers. 

Traunuu — The  various  forms  of  mechanical  injury  which  the  body 
may  suffer  need  not  be  considered  here  in  detail.  The  significance  to 
life  and  health  depends  upon  the  extent  of  the  injury  and  the  part  of 
the  body  affected.     Thus,  a  concussion  of  the  brain,  even  without 

1  Cwminoham,  "The  Cause  of  Death  from  Industrial  Electric  Currents,"  New  York  Medical  Journal* 
voL  hoc.,  pp.  581  and  615,  1899.    JeUiffe,  Peterson  and  Haines'  "Text^book  of  I^egal  Medicine,"  p.  245' 
'  For  a  study  of  lesions  in  z-ny  examinations  see  Wolbach,  Jour.  Exp.  Med.,  xxi.  415.  1909. 
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obvious  structural  lesion,  may  be  immediately  fatal,  while  excessive 
laceration  or  crushing  of  a  limb  or  muscle  may  be  readily  recovered 
from. 

Foreign  Bodies. — We  shall  see  later  how  the  presence  of  lifeless 
foreign  bodies,  or  of  animal  and  vegetable  parasites — bacteria,  pro- 
tozoa, etc, — may  be  harmful  to  the  organism,  and  the  adaptive  measures 
by  which  in  favorable  cases  protection  is  secured. 

Poisons. — Certain  forms  of  poisons  are  to  be  reckoned  among  the 
external  agents  harmful  to  the  body.  These  will  be  considered  in  a 
later  section. 


Air  Id  the  vesaeb  of  the  pla  mater  on  the  surface  of  fha  brain. 

Increased  Atmospheric  Pressure  (Caisson  Disease). — An  extreme  in- 
crease in  atmospheric  pressure,  such  as  is  often  nowadays  maintained 
in  tunnels,  caissons,  and  other  construction  works,  is  sometimes  the 
occasion  of  death,  especially  when  the  pressure  is  relieved  by  a  too  sud- 
den return  to  normal  conditions,  that  is,  in  what  is  technically  called 
decompression.  The  danger  seems  to  He,  apart  from  individual  sus- 
ceptibility, in  the  rapidity  of  the  decompression. 

When  the  pressure  is  relieved,  susceptible  individuals  may  breathe  with  difficulty, 
be  cyanosed,  and  bleed  from  the  nose,  ears,  eyes,  and  other  mucous  membranes.  There 
may  be  pain  in  the  joints,  muscles,  and  abdomen.  There  may  be  paralyses,  especially 
of  the  lower  extremities.  The  bodies  of  the  victims  are  often  contorted  from  the 
muscular  contraction,  hence  the  common  name  of  the  condition,  "  the  bends."  All  of 
these  symptoms  may  be  promptly  relieved  by  recompression.  On  the  other  hand, 
Busceptible  persons  may  succumb  within  a  few  hours  to  the  disorder." 

The  lesions  in  fatal  cases  are  quite  variable.  During  compression  the  blood  ab- 
sorbs an  abnormal  quantity  of  the  gases  from  the  air.  In  decompression  these  escape, 
I  For  acute  elTects  of  cunon  dlwHae  see  Erdman.  Am.  Jour,  Med,  Sc,  1913.  cxiv.  530. 
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and  to  this  "frothing"  of  the  blood  in  too  rapid  decompression  the  symptoms  and 
lesions  of  caisson  disease  are,  in  part  at  least,  due.  On  external  inspection  no  lesion 
may  be  evident;  or  there  may  be  marked  cyanosis  of  the  face  and  mucous  membranes 
of  the  mouth,  nose,  etc.  Crepitation  of  the  skin  may  be  elicited  on  light  pressure, 
even  though  the  skin  be  not  obviously  puffed  up.  The  internal  lesions  are  also  vari- 
able. Of  these,  general  venous  congestion  and  frothy  blood  in  the  veins  and  capillaries 
are  the  most  constant  and  characteristic.  The  gas  in  the  vessels  may  be  best  seen  in 
the  pia  mater  cerebralis  (Fig.  1)  and  in  the  omentum.  Petechial  haemorrhages  may 
be  found  in  the  brain  and  cord.  Also  the  gas  sometimes  accumulates  in  small  blebs  in 
the  nerve  tissue. 

In  cases  which  recover  from  the  primary  effects  of  the  pressure  there  may  be 
secondary  degenerations  in  the  nervous  system,  paralysis,  emaciation,  trophic  ulcers, 
etc. 

Internal  Conditions  of  Disease. 

In  distinction  to  those  external  agencies  which  lead  to  disease,  there 
are  many  conditions  of  the  body  itself  which  are  incompatible  with  the 
maintenance  of  health.  Thus,  there  are  general  conditions,  due  to  dis- 
turbances of  metabolism,  such  as  diabetes  and  gout,  which  we  shall  con- 
sider separately  later,  in  which  abnormal  amounts  of  sugar  and  uric  acid 
are  present,  leading  to  many  local  and  general  disturbances. 

But  by  far  the  more  common  internal  conditions  associated  with  dis- 
ease are  the  structural  and  functional  alterations  of  the  various  organs  of 
the  body,  which  may  lead  directly  or  indirectly  to  the  most  complex 
departures  from  the  normal.  Some  of  these  will  be  considered  more  in 
detail  in  later  sections  of  this  book.  We  may  note  here,  however,  as 
examples,  a  few  of  these  complex  relationships  between  local  lesions 
and  the  general  welfare  of  the  organism. 

Lesions  of  the  heart  valves  lead  to  disturbances  of  the  circulation  of 
the  blood  in  various  parts  of  the  body,  so  that,  as  we  shall  see  later, 
both  functional  and  structural  changes  harmful  to  the  individual  may 
occur  in  important  viscera,  for  example,  in  the  lungs,  the  kidney,  liver, 
blood-vessels,  etc.,  and  secondarily  in  the  walls  of  the  heart  itself. 

In  the  gastro-intestinal  canal  defective  innervation,  or  trauma,  or 
tumors,  or  constrictions  may  lead  to  the  accumulation  of  ingested  material, 
to  innutrition,  to  intoxication  through  decomposition  of  the  albuminous 
or  other  ingredients  of  the  retained  material. 

So  in  the  liver,  an  insuflScient  production  of  bile  or  an  occlusion  of 
the  gall-ducts  may  lead  to  digestive  disturbances,  to  a  deposition  of 
bile  pigment  in  various  parts  of  the  body — icterus;  to  the  accumulation 
of  bile  in  the  blood — chotemia.  On  the  other  hand,  an  overproduction 
of  bile  may  take  place  in  the  destruction  of  abnormal  quantities  of  red 
blood  cells,  leading  to  icterus.  Furthermore,  through  disturbances  in 
the  glycogenic  function  of  the  liver,  sugar  may  accumulate  in  the  blood. 

These  examples  of  the  bearing  of  functional  disturbances  and  struc- 
tural lesions  of  individual  organs  upon  each  other,  and  upon  the  welfare 
of  the  body  as  a  whole,  must  suffice,  since  the  scope  of  this  book  does 
not  permit  us  to  enter  upon  this  wide  field  of  pathological  physiology, 
for  the  adequate  consideration  of  which  we  must  refer  to  systematic 
treatises  on  the  practice  of  medicine. 
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Race. — Examples  of  racial  disposition  to  disease  are  not  uncommon. 
Thus  African  negroes  are  less  susceptible  than  are  the  whites  to  malaria. 
On  the  other  hand,  in  this  country  the  negro  is  especially  vulnerable 
to  tuberculosis. 

Age  is  an  important  factor  in  the  liability  to  disease,  though  the 
reason  for  this  is  in  very  few  instances  at  all  clear.  In  childhood,  for 
example,  diseases  of  the  digestive  system  are  readily  induced  by  un- 
suitable food.  In  advanced  life,  the  vascular  system  is  a  vulnerable 
part  of  the  body.  This  apparent  predisposition  of  age  may,  however, 
be  referred  to  the  wearing  out  of  the  vascular  mechanism. 

Sex  appears  to  be  a  definite  factor  in  disease  disposition,  for  such 
maladies  as  diabetes,  gout,  general  paralysis,  tabes,  etc.,  are  more 
common  in  males  than  in  females.  But  here,  as  in  the  age  factor,  many 
obvious  external  conditions,  such  as  occupation,  food,  excesses  in  food 
and  drink,  syphilis,  etc.,  may  be  invoked  as  elements  of  determining 
importance  but  not  inherent  in  the  condition  of  sex.  The  conditions 
incident  to  child-bearing,  however,  favor  the  occurrence  of  many  more 
or  less  serious  abnormalities  of  structure  and  function  peculiar  to  the 
female. 

Heredity. — The  relations  of  heredity  to  disease  are  extremely  com- 
plex and  subtle,  and  our  knowledge  of  the  subject  is  still  too  meagre  to 
permit  of  a  profitable  exposition  within  the  limits  which  this  book  im- 
poses. In  certain  infectious  diseases,  syphilis  for  example,  the  in- 
fective agent  may  be  transmitted  from  the  parents  to  the  offspring. 
This,  however,  is  not  the  conveyance  of  physiological  or  structural 
peculiarities,  but  only  of  an  external  disease  excitant. 

For  the  sake  of  clearness  of  thought  and  correctness  of  observation  it 
is  well  for  the  student  and  physician  to  remember  that  those  features  and 
capacities  of  the  organism  which  are  inherited,  are  those  and  those  alone 
derived  from  the  maternal  and  paternal  germ  plasm,  or  through  the  reac- 
tion of  these  upon  each  other.  The  many  and  varied  external  influences 
brought  to  bear  upon  the  foetus  during  intrauterine  life,  may  induce 
marked  departures  from  the  normal,  but  these  abnormalities  are  not  in  a 
proper  sense  inherited.     They  are  more  correctly  designated  congenital.* 

Susceptibility  to  disease  may  be  inherited,  to  tuberculosis,  for 
example,  though  we  are  unable  to  define  clearly  either  structural  or 
functional  traits  to  which  this  vulnerability  may  be  attributed. 

There  are  numerous  examples  of  hereditary  anomalies  or  dispositions 
to  disease.  We  cannot  consider  them  here  in  detail,  but  we  may  men- 
tion as  examples,  haemophilia,  color-blindness,  myopia,  neuroses  of  vari- 
ous types,  polyuria,  obesity,  gout,  and  diabetes.^ 

^  Many  interesting  examples  of  heredity  in  man  have  been  collected  by  Bateaon,  Mendel's  Principles 
of  Heredity,  3d  edition,  Cambridge,  1913,  and  by  Davenport,  Heredity  in  Relation  to  Eugenics,  New 
York,  1911.  See  also  Adami,  Inheritance  and  Disease,  in  Osier's  Modem  Medicine,  i,  1907.  Castle, 
Heredity,  New  York,  1913;  and  Morgan,  Heredity  and  Sex,  New  York,  1913. 

*  For  fuller  exposition  of  the  subjects  considered  in  this  chapter  consult  Adami,  "Principles  of 
Pathology,"  vol.  i.  1908.  Thoma,  "Text-book  of  Pathology,"  English  Trans.,  1896.  Chantemesse  and 
PodwyBsotsky,  "Les  Processus  G6n6raux."  1901.  Roger,  "Introduction  to  the  Study  of  Medicine," 
Eng.  Trans.,  1901.     Aachoff,  Pathologische  Anatomie,  3d  edition,  Jena.  1913. 


CHAPTER  II. 

CHANGES  m  THE  CIRCULATION  OF  THE  BLOOD. 

General  Conditions. 

The  circulation  of  the  blood  in  the  body  is  maintained  by  a  very 
eflScient  and  delicate  mechanism  capable  of  prompt  and  effective  ad- 
justment to  changes  in  the  local  and  general  conditions  under  which 
the  body  is  placed. 

The  factors  especially  concerned  in  the  maintenance  of  the  normal 
circulation  and  in  its  adaptability  to  new  and  unfavorable  conditions 
are  the  contractile  heart  with  its  valves,  the  elastic  arteries,  the  innerva- 
tion of  the  heart  and  vessels,  gravitation,  and  the  various  phases  of 
pressure  and  suction  upon  the  veins  from  external  sources,  direct  mus- 
cular action,  respiratory  movements,  etc.,  which  promote  the  passage  of 
the  blood  upon  its  rounds.  Finally,  the  character  of  the  blood  itself  may 
have  an  important  bearing  upon  the  eflSciency  of  the  circulatory  mechan- 
ism. Alterations  in  any  of  these  factors  may  involve  disturbances  of 
the  circulation. 

We  may  glance  briefly  at  some  of  these  factors  in  the  circulation,  and 
first  at  the  heart  itself.  The  energy  sustaining  the  circulation  is  primarily 
derived  from  the  contractile  heart,  so  that  the  condition  of  its  muscle 
and  innervation  are  of  the  first  significance.  Should  the  heart  muscle 
be  enfeebled,  through  lack  of  proper  nutriment  or  innervation  or  by 
degeneration  of  the  muscle  for  example,  the  circulation  suffers  in  manner 
and  degree,  depending  upon  the  part  of  the  heart  involved.  Thus  if 
the  muscle  of  the  right  ventricle  is  enfeebled,  blood  is  not  properly 
drawn  into  the  ventricle  and  is  not  sent  with  sufficient  force  into  the 
lungs.  The  venous  system  then  becomes  overfilled  with  blood.  If  the 
muscle  of  the  left  ventricle  be  enfeebled,  too  little  blood  is  sent  into  the 
arterial  system  and  the  pulmonary  vessels  are  not  properly  emptied. 

Changes  in  the  valvular  openings  of  the  heart  or  in  the  valves  them- 
selves lead  to  disturbances  of  the  circulation.  Thus  if  the  openings  are 
narrowed,  too  little  blood  passes  them;  or  if  the  valves  fail  to  close 
properly,  some  of  the  blood  flows  backward  through  them.  In  this 
way  both  the  pulmonary  and  the  systemic  veins  become  overfilled. 

The  circulation  may  also  suffer  through  alterations  in  the  walls  of 
the  blood'Vessels.  The  elasticity  and  contractility  of  the  arterial  walls 
are  important  factors  in  the  maintenance  of  a  normal  circulation,  since 
they  sustain  and  reinforce  the  heart  pressure  in  the  blood  and  convert 
the  pulsating  movement  imparted  by  that  organ  into  a  continuous, 
uniform  flow  through  the  capillaries  and  veins.  If  the  arterial  walls 
become  stiffened  and  less  elastic,  or  if  their  lumen  becomes  narrowed, 
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more  work  is  thrown  upon  the  heart  muscle.  Thus  the  peripheral  cir- 
culation is  impaired  unless,  in  a  manner  which  we  shall  presently  con- 
sider, the  power  of  the  heart  muscle  is  increased  by  hypertrophy.  Ob- 
struction of  the  veins  may  induce  similar  disturbances  in  the  heart  and  an 
impaired  local  or  general  circulation. 

The  circulation  of  the  blood  being  controlled  by  t?ie  nervous  system 
through  the  distribution  of  nerves  to  both  the  heart  and  the  vessels, 
alterations  in  the  central  nervous  system  affecting  the  vagus  or  the 
sympatheticUs,  or  severe  traumatic  injuries  to  the  body  involving  re- 
flex disturbances,  may  induce  serious  local  or  general  interference  with 
the  circulation  of  the  blood. 

The  respiratory  movements  of  expiration  and  inspiration  favor  the 
circulation  of  the  blood,  so  that  interference  with  these  may  be  of  con- 
siderable importance.  Thus  pleuritic  effusions,  severe  spasms  of  cough- 
ing, etc.,  may  induce  changes  in  the  pulmonary  circulation  and  the 
right  heart  as  well  as  in  the  systemic  circulation. 

The  movements  of  the  muscles  of  the  trunk  and  extremities  acting 
together  with  the  valves  of  the  veins  contribute  to  the  forces  carrying 
the  blood  forward  in  circulation.  Severe  spasm  of  the  muscle,  as  in 
epilepsy,  tetanus,  strychnine  poisoning,  etc.,  may  induce  stagnation  of 
the  blood  in  the  veins  of  the  trunk  and  the  viscera  so  that  it  does  not 
return  properly  to  the  heart. 

These  are  some  of  the  more  important  of  the  changes  which  the 
general  circulation  suffers  in  conditions  which  interfere  with  the  cir- 
culatory mechanism. 

The  means  by  which  the  heart  and  the  blood-vessels  adapt  themselves 
to  various  disturbing  conditions  through  compensatory  alterations  will  be 
considered  in  the  chapters  in  "Special  Pathology"  dealing  with  these 
organs. 

We  shall  now  consider  in  more  detail  the  ocal  effects  of  a  disturbed 
circulation. 

Hypersemia  and  Anaemia. 

Within  physiological  limits  the  amount  of  blood  in  a  part  may  vary 
considerably  under  vasomotor  control  according  to  the  functional  necessi- 
ties of  the  part  or  vascular  territory.  Under  a  great  variety  of  abnormal 
conditions  the  blood  content  suffers  changes  so  excessive  and  so  lasting  as 
to  be  pathological.     It  is  the  latter  alone  which  we  are  to  consider  here. 

A  part  of  the  body  may  contain  an  excess  of  blood,  a  condition  called 
hypercemia  (congestion) .  This  is  distinguished  from  plethora ,  which  signi- 
fies a  general  excess  of  blood  in  the  body.  On  the  other  hand,  there  may 
be  too  little  blood  in  a  part  of  the  body,  a  condition  which  is  called 
ancemia, 

HYPERiEMIA. 

Hyperaemia  may  occur  either  through  increased  arterial  supply, 
active  hypercemia  (acute  congestion) ,  or  through  some  hinderance  to  the 
venous  outflow  of  the  part,  passive  hypercemia  (venous  congestion). 
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Active  Hyperemia. — This  may  occur  through  dilatation  of  the 
arteries  by  the  action  of  various  physical  and  chemical  agents  directly 
upon  their  muscular  coats,  or  through  the  vasomotor  nerves,  or  from 
the  reduction  of  pressure  upon  the  vessels  from  without. 

Thus,  injuries  or  stimulation  of  the  vasomotor  nerves,  heat,  the 
sudden  evacuation  of  large  exudates,  trauma,  and  the  action  on  the 
vessels  of  a  great  variety  of  chemical  irritants  may  lead  to  a  dilatation 


of  the  vessels,  and,  as  friction  is  diminished  with  the  dilatation  of  the 
lumen,  to  a  more  rapid  Sow  of  the  blood. 

Under  these  conditions  the  affected  region  becomes  redder,  warmer, 
and  may  be  more  or  less  swollen,  and  under  certain  conditions  the 
arterial  characters  of  the  blood  and  pulsation  of  the  vessels  may  be 
extended  into  the  venous  trunks. 

Postive  Hyperiemla  (venous  congestion). — In  passive  hypersemia 
due  to  obstruction  to  the  outflow  of  blood  from  a  part,  there  is  an  over- 
filling of  the  veins  and  capillaries   (Fig.   2).     The  hinderance  to  the 
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outflow  of  blood  may  be  due  to  compression  of  the  vessels  from  without, 
as  from  tumor,  aneurism,  ligature,  displacement,  or  from  new  interstitial 
tissues  in  various  organs.     It  is  frequently  the  result  of  thrombosis. 

One  of  the  most  fruitful  determining  causes  of  passive  hypereemia  is 
the  lesions  of  the  heart  which  interfere  with  the  regular  entrance  and 
exit  of  the  blood  from  that  organ.  Thus,  in  incompetence  or  stenosis 
of  the  mitral  valve  the  pulmonary  vessels  become  congested;  the  right 
ventricle  does  not  properly  empty  itself.  So  the  systemic  veins  in  vary- 
ing degrees  suffer  engorgement,  and  the  viscera  become  involved  in  the 
secondary  alterations  due  to  chronic  hyperEcmia. 

The  efEect  of  venous  obstruction  varies  greatly,  depending  upon  its 
degree,  the  rapidity  of  its  occurrence,  and  upon  the  structure  and 
functional  importance  of  the  part  involved.  If,  as  in  most  instances 
is  the  case,  venous  anastomoses  exist  between  the  partially  or  wholly 


FlO.    3. — DlAQIUM  iLLDSTBlTIRa  THI  EsrABUBHlIINT  Ot  COLLATIHAL  ClBCD LATIOH  IN  ObSTBDC- 

TioN  or  A  Vein — ArriB  Ribbeht. 
The  veins  a  suit  b  at  ^  are  coauetted  by  a  elender  trunk,  e.     ISa  iaBa  OGeliid«d.  as  by  ■  ttinim- 

oougratioD.  If,  however,  the  mnall  uugtomogiiis  trunk  wideni  as  at  C.  the  oongeition  ia  ralieved  by 
the  conveyance  anay  of  the  blood  tbn>u«h  the  vein  b. 

occluded  and  other  vessels,  these  may  enlarge,  and  with  the  establish- 
ment of  this  collateral  circulation  a  more  or  less  complete  adaptation 
to  the  changed  conditions  is  secured  (see  Fig.  3).  The  collateral  veins 
and  even  capillaries  in  the  fnvolved  region  widen  and  their  walls  thicken; 
and  thus  while  for  a  time  hypenemia  of  varying  intensity  may  exist,  this 
gradually  resolves. 

The  possibilities  of  adaptation  to  venous  obstruction  are  sometimes 
very  great  even  when  large  trunks  are  concerned.  Thus,  a  ligature  of 
the  femoral  vein  or  a  blocking  of  the  inferior  or  superior  vena  cava  may 
be  compensated  by  the  establishment  of  abundant  collateral  channels. 
On  the  other  hand,  after  the  blocking  of  the  renal  or  splenic  or  of  a  main 
trunk  of  the  portal  vein,  the  circulation  is  re-established  with  difficulty. 

If  a  collateral  circulation  be  not  at  once  and  readily  established, 
and  often  even  if  this  be  the  case,  local  venous-  obstruction  leads  to 
certain  well-defined  changes  in  the  hyperjemic  region.  If  the  obstruction 
be  partial,  the  flow  of  blood  is  slower  than  normal;  the  vessels  are  dilated; 
more  or  less  fluid  may  transude  into  the  surrounding  tissues;  and  dia- 
pedesis  (see  page  86)  of  the  red  blood  cells  may  occur.  On  the  other 
hand,  if  the  obstruction  be  complete  in  a  large  venous  trunk,  the  capil- 
laries and  veins  in  the  involved  region  dilate;  the  axial  stream  of  ery- 
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throcytes  in  the  veins  disappears;  the  entire  lumen  is  crowded  with 
them;  the  blood  pressure  rises;  the  current  wavers,  slows,  and  stops. 
Then  the  red  cells  become  packed  into  a  homogeneous  mass  in  the  dilated 
vessel — this  is  stasis,  Diapedesis  and  transudation  now  occur  in  the 
capillaries  and  veins  of  the  involved  region.  Finally,  if  the  circulation 
be  not  re-established,  haemorrhagic  infarction  (see  page  29)  or  death 
of  the  tissue — necrosis — may  follow. 

If  the  venous  obstruction  be  removed,  as  may  be  done  in  the  tongue 
or  mesentery  of  the  experimental  frog  (see  page  111),  one  may  observe 
under  the  microscope  the  disappearance  of  the  stasis  and  the  re-establish- 
ment of  the  circulation.  The  homogeneous  blood  mass  resolves  itself 
into  its  component  corpuscles;  the  blood  moves  at  first  fitfully  and 
irregularly,  then  the  current  is  established;  the  distention  diminishes, 
and,  after  a  longer  or  shorter  time,  the  part,  if  the  lesion  has  not  been 
too  extreme,  assumes  its  normal  appearance. 

In  passive  hypersemia  the  tissue  involved  is  more  or  less  dark  red  in 
color — cyanotic — owing  to  the  accumulation  in  the  vessels  of  unaerated 
blood;  the  temperature  may  be  lowered  when  the  area  concerned  is 
extensive;  it  may  also  be  swollen  in  part  from  the  distention  of  the 
vessels,  in  part  from  the  extravasation  of  fluid;  finally,  there  may  be 
pulsation  and  increased  pressure  in  the  veins. 

If  the  hypersemic  condition  be  long  continued — chronic  congestion — 
the  walls  of  the  involved  vessels  may  become  thickened;  there  may  be 
interstitial  fibrous  hyperplasia  in  the  affected  region;  or  there  may  be 
varying  degrees  of  cell  degeneration  or  of  atrophy.  Thus  function  may 
be  interfered  with  or  suspended. 

In  many  instances  of  diminished  heart  power  or  when  for  any  reason 
the  blood  circulates  with  diflSculty  under  favorable  conditions,  the  effect 
of  gravity  may  manifest  itself  in  dependent  portions  of  the  body  or  of 
the  organs,  so  that  these  become  hyperaemic.  This  condition  is  called 
hypostatic  congestion.  The  most  marked  example  of  this  condition  is  in 
the  lungs  of  debilitated  persons,  the  dependent  portions  of  which  fre- 
quently become  engorged  with  blood.  This  is  often  associated  with 
cedema,  atelectasis,  and  more  or  less  cellular  exudate  in  the  air  spaces. 

ANJEMIA. 

The  word  anaemia  is  used  not  only  to  denote  the  lack  of  blood  in  a 
part,  but  also  to  indicate  a  reduction  or  alteration  in  various  constituents 
of  the  blood  itself,  a  condition  familiarly  called  "poverty"  of  the  blood. 
General  anaemia  due  to  impoverishment  of  the  blood  will  be  considered 
in  the  chapter  on  the  Special  Pathology  of  the  Blood  and  the  Blood- 
forming  Organs.  We  are  here  concerned  only  with  local  ancemia — 
ischaemia. 

Local  anaemia  may  be  due  to  the  cutting  off  of  the  blood  supply  by 
the  occlusion  of  the  arteries  in  thrombosis  and  embolism;  by  ligatures; 
by  the  narrowing  of  the  lumen  through  pathological  processes  in  the 
wall  of  the  vessel;  by  tumors,  exudates,  etc.;  by  contraction  of  the 
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vessels  from  nerve  lesions  as  in  Raynaud's  disease;  by  the  action  upon  the 
vessel  of  physical  agents — cold — or  by  chemical  substances  or  drugs 
which  induce  marked  constriction — suprarenal  extract  and  ergot.  Fur- 
thermore, mechanical  pressure  upon  the  vessel  from  without  or  compres- 
sion of  an  entire  organ  or  part  may  induce  various  grades  of  anaemia. 

The  affected  part  or  organ  in  anaemia  becomes  paler  than  normal, 
often  with  a  yellowish  tinge;  the  temperature  is  lowered;  and  the  vol- 
ume may  be  diminished;  finally,  if  the  absence  of  blood  persist,  the 
function  and  nutrition  of  the  involved  part  suffer,  and  atrophy,  ifatty 
degeneration  and  death  of  tissue  may  occur. 

If,  however,  the  anaemia  be  only  partial  or  if  it  be  of  short  duration, 
in  some  organs  the  nutrition  may  not  suffer  in  marked  degree;  in  others, 
however,  the  brain,  for  example,  extreme  damage  may  follow  even  a 
temporary  amemia. 

The  degree,  duration,  and  results  of  local  anaemia  are  largely  dependent 
upon  the  cause  of  the  shutting  off  of  the  blood  supply,  and  the  possi- 
bility of  its  restoration  directly  or  through  the  establishment  of  a  coUao- 
eral  circulation.  Thus,  for  example,  anaemia  from  compression  at 
from  an  arterial  ligature  may  at  once  resolve  if  the  determining  cause  be 
removed.  But  even  though  an  artery  remain  blocked,  circulation  may 
be  in  a  measure  restored  by  the  dilatation  of  anastomosing  capillaries  or 
by  the  backflow  of  venous  blood  into  the  region  deprived  of  its  vascular 
pressure  from  the  closed  arteries.  While  a  certain  amount  of  fresh 
blood  may  reach  the  affected  region  in  these  ways,  it  is  only  when  anas- 
tomoses exist  between  the  branches  of  the  closed  and  neighboring  arterial 
trunks  that  a  fairly  complete  collateral  circulation  can  be  established. 
For  a  further  consideration  of  this  subject  see  Embolism,  p.  28. 


Haemorrhage  and  Transudation. 

HAEMORRHAGE. 

Haemorrhage  is  an  escape  of  blood  from  the  heart  or  vessels.  It 
may  occur  from  a  rupture  of  the  walls  of  the  vessels,  and  is  then  called 
haemorrhage  by  rhexis.  The  rupture  may  be  occasioned  by  injury,  by 
lesion  of  the  walls  of  the  vessels  which  renders  them  too  weak  to  resist 
the  blood  pressure  from  within,  or  it  may  occur  from  the  blood  pressure 
in  the  thin  and  incompletely  developed  walls  of  new-formed  vessels  as  in 
granulation  tissue,  tumors,  etc.  The  arrest  of  haemorrhage  may  take 
place  through  the  contraction  of  the  wall  of  the  vessel  or  by  the  forma- 
tion of  a  clot. 

Under  other  conditions,  without  recognizable  changes  in  the  vessels, 
all  the  elements  of  the  blood  may  become  extravasated  by  passing,  with- 
out rupture,  through  their  walls.  This  is  called  haemorrhage  by  diape- 
desis.  Such  haemorrhages  are  usually  small,  but  may  be  very  extensive. 
They  occur  in  the  smaller  veins  and  capillaries,  the  cells  and  fluids  of  the 
blood  passing  out  through  the  cement  substance  between  the  endothelial 
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cells.  Although  no  marked  morphological  changes  have  as  yet  been 
detected  which  explain  this  extravasation,  it  is  probable  that  some 
change  in  the  nutrition  of  the  walls  does  occur  which  renders  them  more 
permeable.  Haemorrhage  by  diapedesis  is  apt  to  occur  as  a  result  of 
venous  congestion,  or  when  the  flow  of  blood  in  the  smaller  vessels  has 
been  suspended  for  some  time;  or  it  may  result  from  the  action  of  some 
poison,  or  from  an  injury  not  leading  to  rupture;  or  it  may  occur  in  incom- 
pletely developed  blood-vessels,  in  tumors  and  other  new-formed  tissues. 

In  the  extravasation  of  blood  by  diapedesis  the  white  blood  cells  may 
pass  through  the  walls  of  the  vessels,  partly  at  least  in  virtue  of  their 
amoeboid  movements;  the  red  cells,  on  the  other  hand,  having  no  power 
of  spontaneous  movement,  are,  according  to  Arnold,  carried  passively 
through  the  walls  by  minute  currents  of  fluid  which,  under  the  changed 
condition,  stream  in  increased  force  and  volume  through  the  endothelial 
cement  substance  into  the  tissue  spaces  outside. 

The  altered  condition  of  the  blood-vessels  leading  to  haemorrhage  may 
be  local  or  general,  and  in  the  latter  case  it  may  either  be  congenital,  as 
in  some  cases  of  the  haemorrhagic  diathesis,  or  it  may  be  the  result  of 
a  general  disease,  such  as  scurvy,  purpura,  etc.  The  presence  of  bacteria 
in  the  vessels^  or  of  bacterial  or  other  poisons  in  the  blood,  as  in  malig- 
nant endocarditis  and  in  haemophilia  neonatorum,  may  induce  changes  in 
the  walls  of  the  vessels,  leading  to  extravasation. 

Forms  of  Haemorrhage. — Very  small  haemorrhages  are  called  petechice, 
larger,  diffuse  accumulations  of  blood  in  the  interstices  of  the  tissues 
are  commonly  called  ecchymoses  or  suggillations.  A  complete  infiltra- 
tion of  a  circumscribed  portion  of  tissue  with  blood  is  called  a  hcemor- 
rhagic  infarction.  A  collection  of  blood  in  a  tumor-like  mass  is  called  a 
hcematoma.  Special  names  are  given  to  haemorrhage  in  different  parts  of 
the  body;  thus,  bleeding  in  the  lungs  is  called  hcemoptysis;  vomiting 
blood  from  the  stomach,  hcematemesis;  nosebleed,  epistaxis;  hemorrhage 
from  the  uterus,  metrorrhagia;  certain  forms  of  brain  haemorrhage, 
apoplexy.  In  the  so-called  hcematuria  the  blood  may  be  derived  from 
either  the  kidney  or  the  bladder.  Sometimes  the  elements  of  the  tissue 
into  which  the  Iblood  escapes  are  simply  crowded  apart;  sometimes,  as 
in  the  brain,  they  are  broken  down. 

The  extravasated  blood  in  the  tissues  usually  soon  coagulates,  al- 
though exceptionally  it  remains  fluid  for  a  long  time.  A  certain  num- 
ber of  the  white  blood  cells  may  wander  into  adjacent  lymph-vessels,  or 
they  may  remain  entangled  with  the  red  cells  in  the  meshes  of  the  fibrin. 
The  fluid  is  usually  soon  absorbed;  the  fibrin  and  a  portion  of  the  white 
blood  cells  disintegrate  and  are  absorbed  (see  page  59).  The  red  blood 
cells  soon  give  up  their  haemoglobin,  which  decomposes  and  may  be 
carried  away  or  be  deposited  either  in  cells  or  in  the  intercellular  sub- 
stance at  or  near  the  seat  of  the  haemorrhage,  either  in  the  form  of  yellow 
or  brown  granules  or  as  crystals  of  haematoidin  (see  page  53).  Some- 
times all  trace  of  extravasations  of  blood  in  the  tissues  disappears,  but 
frequently  their  seat  is  indicated  for  a  long  time  by  a  greater  or  less 
amount  of  pigment  or  by  new-formed  connective  tissue.     Occasionally 
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the  blood  mass,  in  a  more  or  less  degenerated  condition,  becomes  en- 
capsulated by  connective  tissue,  forming  a  cyst. 

The  action  of  phagocytes  (see  page  98)  in  the  disposal  of  dead  ma- 
terial is  here,  as  it  is  under  a  great  variety  of  conditions,  an  impor- 
tant factor  in  the  restoration  of  the  body,  after  lesion,  to  its  normal 
conditions. 

HiEMORRHAGES    IN   THE    NeW-BORN. 

Haemorrhages,  sometimes  extensive,  in  various  parts  of  the  body — 
gastro-intestinal  canal,  mouth,  nose,  navel,  or  the  viscera — are  not  infre- 
quent in  the  first  few  days  of  life.  Aside  from  the  occasional  discovery 
of  ulcers  in  the  gastro-intestinal  walls,  the  reason  for  these  haemorrhages 
is  not  evident  at  autopsy.*  This  condition  has  been  called  morbus  macu- 
losus  neonatorum.  Haemorrhages  from  the  skin,  mucous  membranes, 
or  navel  may  take  place  in  the  syphilitic  new-born.  Haemoglobinuria 
may  occur  in  epidemic  form  in  young  children. 

HiEMOPHiLiA  (Hcemorrhagic  Diathesis). 

This  abnormal  condition  consists  in  a  liability  to  persistent  haemor- 
rhage on  the  slightest  provocation,  and  is  dependent  upon  some  consti- 
tutional peculiarity  which  is  unknown  to  us.  It  is  usually  hereditary. 
An  uncommon  thinness  of  the  intima  of  the  arteries  has  been  noticed  in 
some  cases  of  "bleeders,"  and  other  changes  have  been  described;  but 
there  are  no  constant  lesions  associated  with  the  haemorrhages,  as  yet 
discovered,  which  would  satisfactorily  account  for  their  occurrence. 
The  haemorrhages  may  be  traumatic  in  origin,  or  they  may  occur  spon- 
taneously from  the  mucous  membranes. 

TRANSUDATION. 

Transudation  is  the  passage,  through  the  walls  of  the  blood-vessels 
into  the  interstitial  spaces  outside,  of  fluid  from  the  blood,  with  little  or 
no  admixture  of  its  cellular  elements.  This  occurs  constantly,  to  a  cer- 
tain extent,  under  normal  conditions,  and  forms  the  commencement  of 
the  lymph  circulation.  But  when  the  amount  of  fluid  passing  through 
the  walls  of  the  blood-vessels  is  increased,  or  its  outflow  into  the  larger 
lymph  trunks  is  hindered  so  that  it  accumulates  in  undue  quantity  in 
the  interstices  and  lymph  channels  of  the  tissues,  the  condition  is 
pathological.  2 

An  accumulation  of  transudated  fluid  in  the  interstices  of  the  tissues 
is  called  oedema;  in  the  serous  cavities,  dropsy.  Extensive  oedematous 
infiltration  of  the  subcutaneous  tissue  is  called  anasarca.  If  the  trans- 
udate accumulates  in  the  pleural  cavity  the  condition  is  called  hydro- 
thorax;  in  the  pericardium,  hydropericardium;  in  the  ventricles  of  the 
brain,  hydrocephalics.     In  similar  fashion  various  other  names  are  in 

^  For  a  study  of  haemorrhage  diseases  of  the  new-born,  with  bibl.,  see  Graham,  Jour.  Exper.  Med., 
1912,  XV,  307. 

2  For  a  study  of  oedema  see  Mdlzer^  Harrington  Lectures,  Univ.  of  Buffalo,  1904;  American  Medicine, 
July  2.  1904;  also  Pearce,  Arch.  Int.  Med.  iii.  422,  1909. 
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common  use  for  the  accumulation  of  transudates  in  the  body  cavities; 
as  hydroperitoneum  (ascites),  hydrarthrosis ,  hydrocele,  etc. 

Its  occurrence  may  depend  upon  some  hinderance  to  the  venous  circu- 
lation or  increase  of  capillary  pressure,  especially  when  associated  with 
alterations  in  the  walls  of  the  blood-vessels,  or  upon  changes  in  osmotic 
pressure  induced  by  a  reduction  in  the  nutrient  efficiency  of  the  blood, 
by  injuries,  or  in  other  ways  which  may  affect  the  processes  of  filtration 
and  osmosis,  by  which  chiefly,  it  is  believed,  the  normal  transudation  of 
fluids  occurs.  There  is,  furthermore,  strong  and  increasing  evidence  that 
the  endothelial  cells  of  the  capillaries  possess  active  secretory  or  other 
functional  capacities  which  should  be  taken  account  of  in  the  attempt  to 
comprehend  transudation  as  well  as  many  other  pathological  phenomena 
and  lesions.  A  simple  interference  with  the  outflow  of  lymph  does  not 
usually  alone  suffice  to  induce  transudation,  although  it  may  favor  its 
occurrence.  (Edema  may  depend  upon  little  understood  abnormalities 
of  the  nervous  system,  as  in  the  so-called  neuropathic  cedemas. 

The  transuded  fluid,  called  transudate,  is  usually  transparent  and 
colorless  or  yellowish;  it  contains  the  same  salts  as  the  blood  plasma, 
but  less  albumin.  It  may  contain  fat,  mucin,  urea,  biliary  acids,  color- 
ing-matter of  the  bile;  fibrinogen  is  usually  present  in  variable  quantity, 
and,  rarely,  fibrin.  It  may  contain  endothelial  cells  from  the  lymph 
spaces,  and  a  variable  number  of  red  and  white  blood  cells.  The  amount 
of  fluid  which  may  accumulate  in  the  tissue  varies  greatly,  depending 
upon  whether  they  are  loose  or  dense  in  texture.  The  fibres  and  cells  of 
loose  tissues  may  be  crowded  widely  apart;  the  cells  are  apt  to  be  more 
granular  than  normal,  they  may  contain  droplets  of  fluid  or  they  may  be 
atrophied.  Transudates  occurring  in  inflammation  usually  contain  a  con- 
siderable number  of  white  blood  cells  and  more  or  less  fibrin,  and  differ 
in  this  from  the  non-inflammatory  transudations;  but  in  some  cases  there 
is  no  sharp  distinction  between  them.  The  inflammatory  transudates 
are  often  called  exudations  or  exudates. 

Resorption  and  Absorption. 

Under  many  conditions,  both  normal  and  abnormal,  fluids  and  solid 
particles  are  taken  into  the  recesses  of  the  tissues  from  without,  or  are 
gathered  from  one  place  in  the  tissues  to  be  carried  in  the  blood  or 
lymph  currents  or  by  cells  to  other  parts  or  to  places  of  excretion.  Thus 
from  the  intestinal  contents  both  liquid  substances  and  small  solid 
particles,  such  as  fat  droplets,  bacteria,  etc.,  may  be  taken  into  the  body 
fluids.  In  exudative  inflammations,  such  as  pleurisy  or  pneumonia, 
large  quantities  of  fibrin,  red  and  white  blood  cells,  and  fluids  may 
accumulate  in  the  cavities,  to  be  presently  removed.  So  also  dead 
tissue,  blood  clots,  etc.,  and  foreign  bodies  may  be  removed  through 
various  processes  of  resorption. 

The  absorption  of  fluid  substances  or  the  resorption  of  those  which 
are  rendered  soluble  takes  place  through  the  lymph  channels,  as  we 
have  seen,  whence  they  may  be  eliminated  through  the  excretory  organs. 
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Solid  material,  such  as  fibrin,  dead  cells,  etc.,  may  be  removed  either 
through  the  action  of  fluids  which  render  them  soluble,  lytic  fluids 
(see  p.  106),  or  they  may  be  removed  through  the  intervention  of  living 
cells,  phagocytes  {see  p.  98).  These  processes  will  be  considered  in 
detail  in  a  later  section  of  this  book. 

Thrombo^  and  EmboliBm. 


Tbrombosis  is  the  coagulation  of  the  blood  or  the  agglomeration  or 
agglutination  of  the  formed  elements  of  the  blood  into  a  more  or  less 
coherent  mass  during  life.  The  coagulum  or  mass  is  called  a  tkrombtis 
(Fig.  4). 

Thrombi  may  be  composed  of  fibrin  and  of  red  and  white  blood  cells 
intermingled  in  about  the  same  proportion  as  in  an  ordinary  extravascular 
blood  clot  (Fig.  5),  These  are  caUed  red 
thronM  and  usually  occur  from  some  sudden 
stoppage  of  the  circulation.  Other  thrombi, 
usually  such  as  form  while  the  blood  is  in 
motion,  may  consist  almost  entirely  of  white 
blood  cells  with  a  Httle  fibrin,  or  of  these  in- 
termingled with  blood  platelets;  or  they  may 
consist  almost  entirely  of  blood  platelets;  all 
of  these  forms  are  called  while  thrombi.  Red 
thrombi,  when  decolorized  by  changes  in  the 
blood  pigment,  may  somewhat  resemble 
genuine  white  thrombi.  Mixed  thrombi  are 
usually  lamellated  (Fig.  6)  and  contain  vary- 
ing proportions  of  fibrin,  red  and  white  blood 
cells,  and  platelets.  The  fibrin  fibrils  in 
thrombi,  as  elsewhere,  often  coalesce,  forming 
hyaline  masses.  A  similar  change  may  take 
place  in  the  blood  platelets.  Thrombi  may 
consist  almost  wholly  of  red  blood  cells. 

Causes  of  Thrombosis. — Thrombi  may 
occur  as  the  result  of  an  injury  to  the  wall  of 
a  vessel,  or  may  follow  its  compression  or 
dilatation;  they  may  result  from  some  altera- 
tion of  the  wall  of  the  vessel  by  disease,  or  by 
the  retardation  of  the  circulation.  So  long 
as  the  endothelial  lining  of  the  vessels  b 
OF  THB  iu*c.  mtact,  simple  retardation  of  the  circulation 

The  VBJsel  n  l»id  open  ahowing       doCS  UOt  USUallv  aioue  SufEcG  tO  iuduCB  COaCU- 
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lation;  but  changes  in  the  endothelium  m  a 
great  variety  of  conditions, such  as  inflammation,  degeneration, atheroma, 
calcification,  and  the  presence  of  bacteria  or  their  toxins,  tumors,  and 
foreign  bodies,  favor  its  occurrence,  especially  when  associated  with 
changes  in  the  circulation  or  in  the  character  and  contents  of  the  blood. 
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Thrombi  may  develop  from  an  embolus.  Thrombosis  is  a  not  infrequent 
complication  of  the  infectious  diseases  as  well  as  of  the  cachetic  conditions 
associated  with  various  acute  and  chronic  general  diseases. 

One  may  conveniently  class  the  various  determining  causes  of 
thrombosis  into:  1,  those  associated  with  a  slowing  of  the  blood  current; 
2,  those  relating  to  changes  in  the  walls  of  the  blood  channels;  and  3,  those 
involving  such  alterations  in  the  blood  itself  ae  favor  coagulation.  These 
factors  are  frequently  associated.' 

1.  Disturbances  of  the  circulation 
favoring  thrombosis  are  frequently  de- 
pendent upon  enfeebled  heart  action,  and 
thrombi  may  then  form  in  the  auricles 
behind  the  valves  or  among  the  trabecule 
of  the  heart  (Fig.  296),  behind  the  valves 
of  the  veins,  in  the  veins  of  the  lower  ex- 
tremities, in  the  great  venous  sinuses  of 
the  brain,  or  wherever  by  reason  of  ab- 
normal conditions  the  regular  flow  of  the 
blood  is  interfered  with^ — as  in  aneurisms, 
varices,  etc.  Such  thrombi  are  sometimes 
called  stagnation  thrombi.  When  forming 
under  marked   asthenic   conditions  they 

are  called  maTantic  IhromM.     In  this  class    *■"-  s.— Portioh  or  rkd  thhombub 
belong  thrombi  induced  by  pressure  or     ""*" ''"""  f*  ''I™'  ••""■  ^*"™'  ""* 

,.       ^  »        ,  ^,  ,  •'     t^  a  few  loucooyUs. 

ligature  of  the  vessels. 

2.  Thrombi  associated  with  alterations  in  the  walls  of  the  blood- 
vessels may  follow  mechanical  injuries  to  the  vessels  and  may  be  con- 
servative in  the  control  of  hemorrhage.  The  action  of  various  forms  of 
pathogenic  bacteria  within  or  in  the  vicinity  of  blood-vessels  Inducing 
lesions  of  the  walls  is  a  fruitful  determining  factor  in  thrombosis.  This 
is  common  in  acute  endocarditis,  in  septiciemia,  in  various  forms  of  phle- 
bitis, and  in  tuberculosis.  In  chronic  lesions  of  the  walls  of  the  heart 
and  blood-vessels,  associated  with  degeneration  and  necrosis  (atheroma, 
calcification,  etc),  thrombi  may  form.  The  growth  of  tumors  into  the 
blood  channels  affords  favorable  conditions  for  the  development  of 
thrombi 

3.  The  alterations  of  the  blood  itself  favoring  thrombosis  are  obscure. 
Such  are  the  impoverishment  of  the  blood  in  aniemia,  the  presence  of 
bacterial  toxins  or  of  the  bacteria  themselves  in  various  infectious 
diseases.  Many  of  the  so-called  marantic  thrombi  are  probably  due  to 
the  presence  of  bacteria  or  of  their  toxins  in  the  blood  or  in  the  walls 
of  the  vessels.  Some  cases  of  "white  swelling"  following  parturition  are 
probably  of  this  nature. 

Among  the  less  frequent  alterations  of  the  blood  favoring  thrombosis 
may  be  mentioned   the   presence   of  luemolytic  substances,  as  in  the 

'  Fcr  m  ■tudy  of  Ihe  conditionc  retatins  to  the  occurrenfe  of  thrombosis,  such  aa  thangoi  ia  the 
eoaculability  of  thtt  blood,  power  of  scKluliD*tioD.  local  uid  aeneral  coadilJon  of  the  blood  flow,  and 
rodothelial  clania«e,  see  Atchaff,  Cartwright  Lecture,  Arcb.  Inl,  Med.,  1613,  lii.  SOS. 


26  CHANGES    IN   THE    CIRCULATION    OF   THE    BLOOD 

traDsfuBion  of   alien  blood   and   the  artificial  introduction  of  certaio 
animal  and  vegetable  extracts. 

Forms  of  Thrombi. — Various  forms  of  thrombi,  aside  from  those 
already  described,  have  received  special  names.  Thus  thrombi  are 
called  primary  or  propagated,  depending  upon  whether  they  are  con- 
fined to  the  original  site  of  formation  or  extend  for  some  distance  from 
the  point  of  origin.  Sometimes  such  extension  is  marked  by  variationa 
in  the  color,  density,  and  structure  of  the  extending  thrombus.  A 
secondary  thrombus  is  one  formed  upon  an  embolus  or  a  pre-existent 


Flo.  6.— Lahcllatip  Thsoubds. 
Thia  B  an  ooduding  (liiombiu.     At  tbe  richt  and  also  above  are  ma»«  at  red  blood  cells,  white  Um 

thrombus.  A  thrombus  may  be  obstructing  or  parietal;  solid  or  canal- 
ized; simple  or  infective;  it  may  be  arterial  or  venous — all  names  whose 
significance  is  obvious. 

Agglutijiative  Thrombi.^ — The  recent  studies  on  agglutination  and 
tuemolysia  (see  p.  171)  have  led  to  the  belief  that  certain  thrombi  occur- 
ring in  infectious  diseases,  as  well  as  under  other  conditions,  may  arise 
from  the  development  of  agglutinative  substances  in  the  blood.  Under 
the  action  of  these  substances  the  red  blood  cells  may,  without  the 
formation  of  fibrin,  clump  together,  leading  to  thrombosis.  Such 
thrombi  are  called  agglutinative  thrombi.  They  have  been  observed 
repeatedly  in  typhoid  fever  and  other  infections.  In  such  masses  of 
agglutinated  red  blood  cells  the  individual  corpuscles  may  not  be  seen, 

"Consult  Flfxncr,  "On  Thrombi  Composed  o[  Aggluti 
ol  Medical  RBseareb.  vol.  viiL.  p.  318:  also.  Prarce,  ibid.,  v 
Am.  Jour.  Med  Sciencee,  vol.  euviii.  p.  66d,  1904.  bib]. 
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the  whole  presenting  a  hyaline  mass.  Thus  may  be  formed  a  variety  of 
the  so-called  hyaline  thrombi.  Welch^  has  suggested  the  probability 
that  under  similar  conditions  leucocytes  also  may  form  agglutinative 
thrombi. 

Hyaline  Thrombi, — Under  a  variety  of  conditions,  but  especially  in 
local  and  general  infections  and  in  intoxications,  there  is  present  in  the 
capillaries  and  in  the  small  arteries  and  veins  a  homogeneous,  translu- 
cent, nearly  colorless  material,  partially  or  wholly  blocking  the  vessels. 
This  hyaline  material,  whose  origin  is  still  in  doubt,  has  in  some  in- 
stances a  staining  reaction  similar  to  fibrin.  In  other  cases  hyaline 
thrombi  are  probably  special  forms  of  agglutinative  thrombi  (see  above). 

Alterations  in  Thrombi. — After  a  certain  amount  of  shrinkage  by 
which  the  fluids  are  squeezed  out  and  the  thrombus  becomes  denser 
and  drier,  the  changes  which  occur  in  it  may  be  either  in  the  direction 
of  degeneration  and  absorption  or  of  organization.  The  leucocytes,  the 
fibrin,  and  the  blood  plates  may  degenerate,  forming  a  granular  material 
which  may  become  infiltrated  with  salts  of  lime,  forming  the  so-called 
pMeboliths,  or  vein  stones.  In  other  cases  the  thrombi  may  soften  and 
disintegrate.  This  softening  may  be  simple  and  the  result  of  fatty  or 
other  form  of  tissue  degeneration,  resulting  in  a  white  or  reddish  or 
brown  grumous  mass,  which  may  resemble,  but  is  not,  pus.  Or,  in  many 
instances,  softening  probably  occurs  through  the  autolytic  processes 
(see  p.  106),  initiated  and  sustained  largely  by  leucocytes.  On  the 
other  hand,  softening  of  the  thrombus  may  be  associated  with  bacteria 
or  other  infectious  material  with  general  suppuration.  In  this  "puru- 
lent'' or  "septic"  softening  of  the  thrombus  the  risk  is  great  of  a  dis- 
tribution of  the  infectious  material  through  the  circulation.  Finally, 
the  thrombus  may  be  replaced  by  a  new  formation  of  vascular  con- 
nective tissue,  itself  disappearing  by  autolysis  or  phagocytosis  as  the 
new  tissue  is  formed.  This  is  called  "organization  of  the  thrombus," 
but  in  reality  the  new  connective  tissue  is  produced,  not  from  the  cells 
of  the  thrombus  itself,  but  from  the  cells  of  the  walls  of  the  affected 
trunk,  from  whose  vessels  the  new  blood-vessels  of  the  thrombus  also 
arise  (compare  page  75).  In  this  way  the  vessel  may  be  completely 
and  permanently  occluded,  or,  more  rarely,  one  or  several  channels  may 
be  established  through  the  new  connective-tissue  mass  (Fig.  7) . 

Effects  of  Thrombosis. — The  consequences  of  thrombosis  vary 
greatly,  depending  upon  the  seat,  size,  and  nature  of  the  thrombus. 
They  are  of  two  classes:  1,  those  depending  upon  the  direct  disturbance 
of  circulation  from  the  occlusion  of  the  lumen  of  the  vessel;  and,  2, 
those  determined  by  the  detachment  of  the  thrombus  or  the  separation  of 
a  part  of  it,  and  the  distribution  of  these  through  the  circulatory  channels 
to  various  parts  of  the  body. 

1.  The  occlusion  of  either  arteries  or  veins  may  be  compensated  by 
the  establishment  of  collateral  circulation.  The  partial  or  total  occlu- 
sion of  an  artery  by  a  thrombus  may  lead  to  local  anaemia,  degenera- 
tion, necrosis,  or  infarction  (see  page  29).    The  obstruction  of  a  vein 

>  Wdch,  Huxley  Lecture.  Medical  News.  October  18th.  1902.  p.  731. 
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may  lead  to  venous  congestion  and  cedema,  and  to  various  alterations 
already  considered  under  the  heading  of  Hypenemia. 

For  a  further  consideration  of  thrombosis  of  the  heart  and  separate 
vessels  see  sections  dealing  with  these  organs  in  Special  Pathology, 

2.  Whole  thrombi  or  portions  of  these  may  be  detached  and  carried 
forward  by  the  blood  current,  or,  as  the  result  of  softening  and  disinte- 


w  chumelg  tbreucta 

gration,  detritus,  bacteria,  etc.,  may  be  set  free  by  unusual   move- 
ment, by  pressure,  or  without  obvious  special  force. 

The  performances  and  effects  of  such  detached  portions  of  thrombi 
will  be  considered  in  the  next  section,  under  embolism.' 

Thrombosis  of  Lymph-vessels. 

Thrombosis  of  the  lymph-vessels  is  of  occasional  occurrence.  The 
thrombus  consists  of  fibrin  and  leucocytes.  It  may  present  forms  and 
induce  changes  in  the  lymph  channels  analogous  with  the  forms  and 
effects  of  thrombi  in  the  blood-^ 


EHBOLISH. 

Embolism  is  the  obstruction  of  a  blood-vessel  by  the  arrest  in  its 
lumen  of  some  material  carried  along  in  the  circulating  blood.  The 
mass  causing  the  stoppage  is  called  an  embolus  (Fig.  8).  This  may 
be  composed  of  a  great  variety  of  substances.  The  most  common  emboli 
are  detached  portions  of  thrombi,  especially  from  the  heart  valves,  and 
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these  may  have  all  the  variety  of  structure  which  thrombi  present. 
Masses  of  bacteria  or  other  animal  or  vegetable  parasites,  fragments  of  the 
heart  valves  and  of  tumors,  droplets  of  fat  from  the  medulla  of  fractured 
bones  (Fig.  9),  parenchyma  cells,'  masses  of  pigment,  bubbles  of  air,  etc., 
may  form  emboli.  Embolism  is,  in  a  majority  of  cases,  confined  to  the 
arteries  and  to  the  branches  of  the  portal  vein.  Emboli  after  lodgment 
sometimes  give  rise  to  thrombosis,  which  may  be  very  extensive. 

Effects  of  Embolism — Infarction. —  The 
changes  which  follow  the  more  or  less  sudden 
and  complete  cutting  off  of  the  arterial  blood 
from  a  part  of  the  body  by  the  lodgment  of  an 
embolus  are  so  variable,  depending  upon  the 
part  of  the  body  affected,  the  character  of  its 
vascular  arrangement,  and  the  possibilities  of 
s  collateral  blood  supply,  that  a  concise  com- 
prehensive description  is  difficult. 

When  the  arterial  blood  current  is  cut  off 
from  the  affected  area,  this  does  not  at  once 
become  bloodless,  because  its  vessels  still  con- 
tain the  residua]  blood  and  a  certain  amount 
may  enter  at  least  the  periphery  through  ad- 
jacent capillaries  and  small  veins.     Then  if  the 
involved    region    be    not   too   large   and   the 
plugged   vessels   have   sufficient  anastomoses, 
the   establishment   of  a  collateral  circulation 
may  after  a  time  be  effected.     On  the  other 
band,  if  the  plugged  artery  does  not  possess 
anastomosing  trunks  or  is  inadequately  sup- 
plied  with    these — that   is,   belongs   to   those 
vessels  which  are  called  terminal  arteries — end 
arteries — the  effects  are  more  marked  and  last- 
ing.    There  is  stasis  in  the  vessels;  diapedesis  of  the  red  blood  cells 
may  occur;  and  while  a  small  amount  of  blood  may  enter  the  periphery 
of  the  involved  region  through  the  capillaries  and  veins  so  that  the 
vessels  here  may  be  markedly  congested,  the  tissues  are  not  sufficiently 
nourished  and  they  suffer  varying  degrees  of  degeneration;  they  may  die 
and  the  whole  central  region  become  necrotic.     This  gradually  developing 
process  is  called  infarction,  and  the  portion  of  involved  tissue  is  called 
an  infarct  (Fig.  10).     The  area  of  infarction  corresponding  to  the  region 
supplied  by  the  occluded  vessel  is  usually  more  or  less  wedge-shaped. 

Infarcts  in  which  the  vessels  are  distended  with  blood,  with  interstitial 
haemorrhage  by  diapedesis  and  more  or  less  necrosis  of  the  involved  area, 
are  called  kamorrkagic  infarcts  (Fig.  11). 
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j(  Iho  liver,  and  in  intectioiu  diwaua  involving  local  necroaes  of  the  liver,  haa  been  dea 
by  varioua  obaerven.  Emboli  believed  lo  be  componed  largely  of  ptaceatal  celb  or  of  celb  fro 
bone  msmw  an  abo  dcacribed  under  various  condittoos.  The  facta  relating  lo  this  subject  of  i 
ebyma-cell  emboli  and  ita  allcfed  sicnifieance  may  ba  found  aummariied  by  LuturKA,  Fortaehiil 
Madiiin.  Bd.  xi..  pp.  SOS  and  S«3.  1S93;  and  by  Axliolf.  Vinihow's  Archiv.  Bd.  cxxxiv..  p.  II. 
Coniult  abo  WartMtt,  The  Medical  News,  September  IStb.  1900,  hibl. 
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After  a  time  the  infarct  becomes  decolorized  by  diffusion  of  the  dis- 
solved htemoglohin,  inflammatory  changes  occur  in  its  periphery,  the 
blood   cells   and  involved   tissues   may  undergo   degeneration  and   be 
absorbed,'   and   finally  the  seat  of  the 
infarction  may  be  indicated  only  by  a 
mass    of   cicatricial    tbsue,    which    fre- 
quently contains  more  or  less  pigment. 
In  another  class  of  cases,  instead  of 
an  excessive  dbtention  of  the  vessels  and 
an  extravasation  of  blood  in  the  affected 
region  the  tissue  is  simply  deprived  of 
nourishment    and    undergoes    necrosis. 
The  affected  area  then  sooner  or  later 
Fia.  9.— Fat  Eiibou  in  irb  blooo-        bccomes  lighter  in  color  from  the  diffu- 
Twrto"im.^'bL"  f'"T  ^^'^^  "^  *^*^  hemoglobin,  and  it  is  then 

calledananoEmtcor  ufAi(ein/are((Fig.  12), 
Inflammatory  changes  may  occur  in  its  periphery  and  a  new  connective- 
tissue  capsule  form  around  it,  and  the  dead  mass  may  thus  persist  for 
some  time,  or  be  gradually  absorbed  and  replaced  by  cicatricial  tissue. 
In  certain  instances  it  is  believed  that  infarcts  may  be  aiuemic  from  the 
beginning  and  not,  as  is  apparently  usually  the  case, 
as  the  result  of  changes  in  infarcts  which  are  at  first  of 
the  hiemorrhagic  type. 

The  scope  of  this  book  does  not  permit  us  to  con- 
sider the  somewhat  complicated  and  often  obscure  rea- 
sons why  in  one  case  there  is  luemorrhagic,  in  another 
white,  infarction,  as  a  result  of  embolus. 

If  the  embolic  material  consists  of  or  contains  infec- 
tive substances,  such  as  some  forms  of  bacteria,  in  ad- 
dition to  the  mechanical  effects  of  simple  emboli,  we 
may  have  gangrene,  suppuration,  formation  of  abscesses, 
etc.,  as  the  result  of  the  local  action  of  the  infectious 
material,  even  though  this  may  be  present  in  very  small 
amount. 

The  Location  of  Infarcts. — The  organs  in  which  em- 
bolic infarctions  most  frequently  occur  are  the  spleen, 
kidney,  brain,  lungs;  less  frequently  the  heart,  retina, 
liver,  and  small  intestines. 

Hsemorrhagic  infarction  is  not  liable  to  occur  in  the 
liver  from  emboli  in  the  branches  of  the  portal  vein,  on   ^^^~  ,o_i„^ct, 
account  of  the  blood  supply  which  may  come  to  the      or  the  spixik. 
affected    region   through   the   branches   of  the  hepatic 
artery.     On  the  other  hand,  embolic  abscesses  from  infectious  emboli  are 
of  not  infrequent  occurrence  here. 

The  lung  is  supplied  with  blood  through  the  pulmonary  and  the 
bronchial  arteries;  and  the  capillary  network  of  the  pulmonary  tissue 

'For  a  study  of  tbe  auUilylic  pmcsHcs  in  the  absorption  of  inlarcta  see  R'cUa.  Jour. Ued. Res.. 


CHANCES    IN    THE   CIRCULATION    OF   THE    BLOOD  31 

is  SO  abundant  that  emboli  in  the  pulmonary  artery,  although  this  is  a 
terminal  artery,  do  not  readily  lead  to  infarction  in  an  otherwise  healthy 
lung.  When,  however,  the  pulmonary  circulation  is  disturbed,  as  in 
certain  forms  of  heart  disease,  hiemorrhagic  infarction  may  follow  em- 
bolism of  the  pulmonary  artery. 

The  arteries  of  the  kidney  and  spleen  are  typical  terminal  arteries, 
and  infarcts  of  these  organs  readily  follow  embolism.  In  the  kidney 
the  infarcts  are  most  commonly  anaemic;  in  the  spleen  both  hiemor- 
rhagic and  anxmic  infarcts  are  formed.  Infarction  in  the  keart  may 
follow  embolism,  but  is  more  commonly  the  result  of  thrombosis  of 
branches  of  the  coronary  artery.     Embolism  of  the  cerebral  arteries  is 


IB,  E,  ia  a  tenainal  art«iy,  but  it  ha«  Abunduit  capillary 
aiuaiomoHii.  »  uiai  me  wnitoiy  depHved  of  lilood  is  oot  BuflicieDtIv  nourished  mid  its  tisiuea  dia; 
but  (mn  tfae  abuodant  capillary  anaatamoiea  from  the  artery  B,  and  from  the  vein  C  a  certain  amouDt 

seldom  foUoweiJ  by  extensive  local  collateral  hyperemia  and  haemor- 
rhage, but  is  more  apt  to  lead  to  cerebral  softening.  Hsmorrhagic 
infarctions  may  occur  exceptionally  in  regions  not  furnished  with 
terminal  arteries,  as  in  the  small  irdeslines.  Infarction  does  not  follow 
embolism  of  single  arterial  trunks  of  the  arms  and  legs  because  of  the 
ready  establishment  of  a  collateral  circulation. 

The  Sources  of  Emboli. — It  should  be  remembered  that  as  a  rule 
emboli  derived  from  a  vein,  and  then  most  commonly  detached  from  a 
venous  thrombus,  pass  to  the  right  side  of  the  heart  and  are  thence 
driven  into  the  pulmonary  artery,  where,  unless  most  minute,  they  are 
retained,  since  they  cannot  pass  the  pulmonary  capillaries.  Emboli 
in  the  left  heart,  the  aorta,  and  the  arterial  system  are  derived  from  the 
pulmonary  vein,  the  left  heart,  the  aorta  or  its  branches  (Fig.  13). 
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Paradoxical  Embolism. — While  as  a  rule  emboli  follow  the  direction 
of  the  blood  current,  one  does  sometimes  find  in  the  arterial  system 
emboli  of  considerable  size  without  being  able  to  locate  their  source  in  the 
pulmonary  vein,  the  left  heart,  or  the  aorta  or  its  larger  branches. 
Futhermore,  under  these  circumstances  one  may  discover  an  obvious 
source  in  the  systemic  veins.  Since  auch  emboli  cannot  pass  the  pulmon- 
ary capillaries  they  must  have  passed  from  the  venous  to  the  arterial 
system  through  an  open  foramen  ovale  into  the  left  auricle,  thence  to  be 
driven  into  the  arteries  (Fig.  13).  This  is  called  paradoxical  embolism. 
It  is  of  infrequent  occurrence.' 
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Retrograde  £mbollsm.^Sometimes  an  embolus  moves  in  a  direction 
opposite  to  that  of  the  blood  current,  so  that  one  may  iind  in  a  small 
vein  an  embolus  obviously  derived  from  a  larger  vein  or  from  the  right 
heart.  It  has  been  assumed  in  explanation  of  this  occurrence  that 
under  certain  conditions  in  which  the  venous  blood  empties  itself  into 
the  right  heart  with  difficulty,  as  in  the  case  of  tricuspid  incompetence, 
there  might  be  an  actual  reversal  of  the  venous  current  on  which  an 
embolus  could  be  conveyed.  It  does  not,  however,  appear  that  such  a 
reflux  of  the  venous  blood  is  possible.  Ribbert  urges  the  view  that 
while  a  complete  reversal  of  the  current  is  improbable  in  a  congested 
vein,  a  pulsation  wave  may  form  with  each  heart-beat  which  could 
gradually  force  the  embolus  toward   the  periphery  along  the  vessel 

am  consult  bibliography  id  Zirglrr'a  "General  Patholocy." 
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wall.     This  retrograde  traDsportation  of  an  embolus  is  of  rare  occurrence 
in  the  large  veins,  especially  in  the  inferior  vena  cava. 

The  retrograde  transportation  of  particles  of  tumor  may  give  rise  to 
very  puzzling  phases  of  metastasis. 
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Fat  Embolism. — After  fracture  of  the  long  bones,  fat  from  the 
marrow  may  find  its  way  through  opened  veins  into  the  right  heart  and 
into  the  pulmonary  capillaries  (Fig.  9).  It  may  be  found  also  in  the 
capillaries  of  the  kidneys.  Fat  embolism  of  the  pulmonary  capillaries 
may  be  fatal,  but  in  most  cases  does  not  appear  to  be  of  great  signifi- 
cance. Fat  embolism  of  the  lungs  is  recorded  following  extensive 
fatty  degeneration  of  the  liver  in  phosphorus  poisoning.^ 

Emboli  of  Tumor  Cells. — Clusters  of  tumor  cells  of  considerable 
size  may  enter  the  vessels  through  erosion  of  their  walls  and  may  be 
transported  in  the  blood  current  as  emboli  (Fig.  248,  p.  401).  They  may 
lodge  in  the  trunks  of  large  vessels,  portal  vein,  pulmonary  artery,  etc., 
and  in  addition  to  the  usual  effects  of  embolism  they  may  grow,  forming 
metastatic  tumors. 

Air  Embolism. — It  rarely  happens  in  surgical  operations  that  a  large 
quantity  of  air  enters  an  opened  vein  and  is  aspirated  to  the  right  side 
of  the  heart.  This  may  prove  fatal.  Air  bubbles  may  be  found  mingled 
with  the  blood  in  the  right  heart,  in  the  large  veins  leading  to  the  heart, 
and  in  the  pulmonary  capillaries.  It  was  formerly  believed  that  this 
was  of  not  infrequent  occurrence,  and  the  presence  of  even  small  numbers 
of  air  bubbles  in  the  blood  was  regarded  as  of  extreme  significance. 
The  presence  of  air  in  the  vessels  is  common  in  caisson  disease  (see  p.  11). 
In  certain  cases  gas  bubbles  in  the  blood  are  due  to  infection  with  a  gas- 
forming  bacterium,  the  Bacillus  aerogenes  capsulatus  (see  p.  289). 

Experimental  Study  of  Disturbances  of  the  Circulation. 

One  may  observe  many  of  the  local  disturbances  of  the  circulation  on  the  mesen- 
tery of  the  curarized'  frog.  A  loop  of  the  intestine  is  drawn  out  through  a  lateral 
abdominal  incision  and  laid  over  the  glass  window  of  a  Thoma  frog-plate  (see  Fig.  72). 
The  part  should  be  kept  moist  or  irrigated  with  one-half-per-cent.  salt  solution, 
Under  these  conditions  one  may  study  various  phases  of  hypersemia  and  stasis, 
haemorrhage  by  diapedesis  and  by  slight  injuries  to  the  vessels,  hsemorrhage  by  rhexis 
and  the  formation  of  local  thrombi  by  which  it  is  controlled.  By  pressure  on  the 
vessels  various  disturbances  of  the  circulation,  thrombi,  etc.,  can  be  secured.' 

By  drawing  forward  the  tongue  of  the  curarized  frog,  fastening  it  in  extension  on 
the  Thoma  frog-plate  designed  for  this  purpose  (Fig.  72),  and  ligating  one  of  the  large 
lateral  veins,  one  can  induce  interesting  phases  of  passive  hypersemia  and  transudation. 

Embolism  may  be  studied  by  the  injection  into  the  arteries  of  small  particles — 
tobacco  seed  in  the  dog,  begonia  seed  in  the  rabbit,  or  poppy  seed — suspended  in 
salt  solution.  These  may  be  injected  forcibly  upward  through  the  crural  artery  into 
the  aorta.  Embolism  of  the  abdominal  viscera,  kidney,  spleen,  etc.,  with  infarction 
may  be  thus  induced. 

iFor  a  stuc(y  of  fat  embolism  see  Connell,  Jour.  Am.  Med.  Assn.,  vol.  xliv.,  p.  612,  1905;  for  a 
study  of  fat  emboli  of  the  brain,  see  NaviUe  and  Fromberg,  Arch,  de  Med.  exp6r.,  1913,  xxv,  405. 

*  The  commercial  curare  is  so  variable  in  strength  that  it  is  best  to  make  an  aqueous  solution  of 
about  1:1,000  strength  and  test  the  efifect,  using  just  enough  to  secure  immobility,  and  no  more,  since 
serious  circulatory  disturbances  and  death  of  the  animal  are  readily  induced  with  too  liberal  dosage. 
The  solution — at  first  a  few  drops — is  put  beneath  the  skin  in  the  dorsal  lymph  sac.  It  is  well  to  give 
a  preliminary  dose  a  few  hours  before  the  use  of  the  animal,  bringing  him  partially  under  the  influence 
of  the  drug,  and  to  complete  the  effect  just  before  the  experiment.  Under  these  conditions  the  second 
dose  may  be  very  small  and  thus  untoward  effects  upon  the  circulation  may  be  avoided. 

*  See  for  a  further  description  of  the  method  of  studying  the  circulation  in  the  living  frog,  p.  111. 


CHAPTER  III. 

REGRESSIVE  TISSUE  CHANGES. 

General  Considerations. 

There  are  three  phases  of  activity  in  the  transformations,  of  energy 
which  are  characteristic  of  living  cells.  These  are  nutrition,  reproduc- 
tion, and  functional  activity.  But  while  these  manifestations  of  energy 
are  more  or  less  distinct  as  properties  of  living  matter,  they  are  closely 
interdependent.  It  is  the  suitable  balance  of  these  activities  fixed  by 
prolonged  environment  which  determines  what  we  call  health.  When 
this  balance  is  disturbed  beyond  the  limits  of  physiological  variation,  the 
alterations  which  result  may  be  manifest,  either  in  the  diminution  or  de- 
struction of  tissue  or  in  its  increase  or  new  formation.  In  other  words, 
the  cells  of  the  body,  when  placed  under  conditions  which  seriously 
interfere  with  the  orderly  transformations  of  energy,  may  undergo 
alterations  from  the  normal  which  are  regressive  on  the  one  hand,  or 
progressive  on  the  other. 

We  shall  in  this  chapter  consider  the  regressive  processes  and  their 
effects;  in  the  next  those  which  are  progressive. 

It  is  well  to  remember  that  the  regressive  as  well  as  progressive 
changes  in  the  body  are  not  limited  to  pathological  conditions,  but  form 
a  part  of  the  normal  processes  through  which  growth  is  secured  and 
function  maintained.^ 

The  maintenance  of  the  normal  life  and  structure  of  the  cell  is  closely 
dependent  upon  the  conditions  under  which  it  is  placed.  If  there  is 
lack  of  sufficient  or  proper  nutriment;  if  the  waste  products  are  not 
properly  eliminated;  if  deleterious  chemical  substances  either  coming 
from  without  or  formed  by  defective  metabolism — poisons,  toxins,  etc. 
— are  present;  or  if  harmful  physical  agencies  such  as  heat,  cold,  pressure, 
etc.,  are  active;  or,  finally,  if  the  innervation  be  defective,  both  the 
function  and  the  structure  of  the  cell  may  suffer. 

The  functional  changes  of  cells  placed  under  unfavorable  conditions 
are  very  variable  and  often  very  subtle  owing  to  their  complex  and  often 
little  understood  nature,  and  may  be  difficult  of  detection.  These 
functional  changes  may  or  may  not  be  associated  with  structural  altera- 
tions which  are  obvious  on  microscopical  observation.  Cells  may  become 
larger  than  normal  through  increased  functional  activity,  hypertrophy; 
they  may  become  smaller,  atrophy,  under  a  variety  of  conditions  pres- 
ently to  be  considered.  Cells  may  swell  through  imbibition  of  fluid;  they 
may  be  altered  in  shape  from  pressure.    Finally,  they  may  suffer  various 

^For  a  ritumi  of  the  relationship  between  normal  and  pathological  regressive  processes  see 
Minoi,  Middleton  Goldsmith  Lecture  on  "The  Embryological  Basis  of  Pathology,"  Science,  March 
20th.,  1901. 

35 


36  REGRESSIVE    TISSUE   CHANGES 

changes  in  internal  structure.  Various  products  of  their  metabolism 
or  of  degeneration  of  their  cytoplasm  may  accumulate  within  them,  or 
substances  may  enter  from  without — degeneration  and  inJUlTation. 

These  and  other  changes  due  to  an  unfavorable  environment  may 
be  recovered  from  if  not  too  extensive.  But,  on  the  other  hand,  if  the 
damage  be  excessive  the  cell  may  die  and  suffer  disintegration  and 
absorption.  This  death  of  the  cell,  with  subsequent  physical  and 
chemical  changes,  is  called  necrosis. 

It  frequently  happens,  however,  that  the  vitality  of  the  cell  is  not 
at  once  extinguished,  but  that  the  processes  of  life  and  necrosis  go  on 
for  a  time  together,  ending  in  either  its  recovery  or  its  death.  This 
condition  13  called  necrobiosis. 

Not  all  the  cells  of  the  body  are  equally  sensitive  to  a  deleterious 
environment.  It  is  those  which  are  more  highly  differentiated  for  the 
performance  of  special  functions,  or  those  which  are  more  frequently 
exposed  to  harmful  influences,  which  most  often  suffer. 

Atrophy. 

Atrophy  is  a  diminution  in  the  size  of  the  body,  of  organs,  or  of  tissue 
elements.  It  occurs  as  a  physiological  process  in  man  as  well  as  in  cer- 
tain of  the  lower  animals.  Thus  in  man  the  thymus  and  the  umbilical 
vessels  undergo  atrophy  at  an  early  period;  while  in  old  age,  atrophy  of 
the  sexual  organs  and  of  the  tissues  in  general  is  the  usual  mark  of  senil- 


ity.* On  the  other  hand,  as  a  pathological  process,  atrophy  may  occur 
in  connection  with  disturbances  of  innervation  or  nutrition;  from  disuse 
or  from  pressure;  or  from  the  presence  of  poisons.  Although  it  is  con- 
venient to  name  these  as  phases  of  atrophy,  they  are  not  fundamentally 
distinct.  In  simple  atrophy,  under  whatever  conditions  it  may  occur,  the 
tissue  elements  become  smaller  without  marked  alterations  in  structure, 

ID  tbe  body  id  development  and  senility  see  the  mouognipb  ot  Miihl- 
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and  may  finally  disappear  altogether.  In  the  majority  of  cases,  how- 
ever, atrophy  of  cells  or  other  tissue  elements  is  not  simple,  but  is  asso- 
ciated with,  and  often  determined  by,  various  phases  of  degeneration — 
degenerative  atrophy.  The  cytoplasm  of  atrophic  cells  is  often  more 
transparent  than  normal  and  may  contain  an  undue  proportion  of 
pigment. 

An  organ  which  is  the  seat  of  even  extensive  atrophy  of  some  of  its 


The  border  of  tlis  oifaa  a  elongaled  and  fibrous;  tbe  gall  bladder  ii  loDg  and  digtort«d. 

cells  is  not  necessarily  diminished  in  size,  but  may  even  be  much  larger 
than  normal.  This  is  the  case,  for  example,  in  amyloid  degenerations  of 
the  liver.  Sometimes  the  atrophy  of  parenchyma  cells  is  accompanied 
by  a  new  formation  of  connective  tissue  so  extensive  as  to  maintain, 
for  a  time  at  least,  the  size  of  the  organ. 

Atrophy  may  be  general  or  local  and  it  has  various  phases  which  we 
shall  briefly  consider. 
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General  Atrophy  from  Halnutrition  affecting  the  body  at  large  may 
occur  as  the  result  of  deficient  nutriment  as  in  starvation,  or  a  failure  to 
assimilate  food,  and  in  various  acute  and  chronic  diseases.  Under  these 
conditions  fatty  and  other  forms  of  cell  degeneration  occur,  with  loss  of 
the  general  adipose  and  reduction  in  size  of  muscle  and  other  body  cells. 

Senile  Atrophy.— As  the  energies  of  life  decline  with  the  advance  of 
years,  the  tissue  and  organs  may  undergo  gradual  and  progressive  atro- 
phy, but  in  varying  degrees.  The  muscle  cells  of  the  heart  are  more 
slender,  and  brown  pigment  may  accumulate  within  them — brown 
atrophy.     The  parenchyma  cells  of  the  liver,  kidney,  and  generative 


glands  and  the  ganglion  cells  become  smaller  and  may  be  more  or  less 
pigmented.  Similarly  the  bones  suffer  atrophic  changes,  becoming 
more  brittle,  and  the  skin  becomes  wrinkled  and  dry.  Senile  atrophy 
may  be  associated  with  significant  sclerotic  changes  in  the  blood-vessels 
and  with  atrophy  of  the  lymph-nodes,  spleen,  and  marrow. 

Atrophy  from  Suspension  of  Functional  Activity — Atrophy  from 
Disuse. — This  is  well  exemplified  in  disused  muscles  or  bones,  as  in  vari- 
ous forms  of  paralysis.  Voluntary  muscles  under  these  circumstances 
become  more  slender,  lose  their  transverse  striations,  and  become 
fibrillar.  Brown  pigment  derived  from  the  disappearing  muscle  sub- 
stance may  gather  in  masses  in  the  remaining  fibres,  and  the  nuclei  of 
the  sarcolemma  may  be  increased  in  number  (Fig,  14),  The  fibres  may 
finally  disappear  and  may  be  replaced  by  fat  or  fibrillar  connective 
tissue. 

Pressure  Atrophy. — This  is  seen  under  the  ordinary  conditions  of 
modern  life  as  the  result  of  ill-adapted  articles  of  dress,  such  as  corsets, 
which  frequently  induce  very  marked  atrophy  with  distortion  of  the 
liver  (Fig.  15).  But  within  the  body  itself  pressure  from  a  more  vigor- 
ously growing  tissue  may  induce  atrophy  of  an  adjacent  part.     Thus, 
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tumors,  cysts,  accumulations  of  fluids  in  various  cavities,  aneurisms, 
degeneration  of  blood-vessels  (Fig.  16),  etc.,  may  lead  to  local  atrophy. 

Neurotic  Atrophy. — While  it  is  difficult  to  dissociate  the  direct  tro- 
phic influence  of  the  nerves  upon  tissues  from  the  accompanying  loss  of 
function  and  interference  with  vascular  supply,  there  appear  to  be 
cases  of  atrophy  from  neurotrophic  influences.  Atrophy  of  one  side  of 
the  face  in  lesions  of  the  trigeminus  and  In  certain  cerebral  lesions, 
wasting  of  the  associated  muscles  in  destruction  of  the  anterior  cornua 
of  the  spinal  cord,  are  examples. 


Degeneration. 


Under  a  variety  of  conditions  in  which  there  is  a  disturbance  of  cell 
metabolism,  but  especially  often  in  infectious  diseases  and  in  intoxica- 
tions when  poisonous  substances  come  in  contact  with  the  tissues,  the 
cells  of  the  body  show  an  accumulation  in  the  cytoplasm  of  albuminous 
granules,  of  various  sizes  and  forms.  While  bacterial  toxins  are  common 
excitants  of  this  change,  other  vegetable  toxins,  such  as  abrin  and  ricin, 
or  mineral  poisons,  corrosive  sublimate,  may  induce  it.     This  is  a  type  of 


FlO.    17. — ALBDM1NOU9    Deobnbratioh — KlIlNBr. 
The'lwion  ia  modeialc  in  degree  and  ii  tno«t  marked  id  the  loTEUt  tubule  above. 

cell  degeneration  which  is  so  often  associated  with  infectious  dise 
and  certain  phases  of  inflammation  that  it  is  sometimes  regarded  as  a 
part  of  the  inflammatory  process.  The  cells  in  this  condition  are 
usually  swollen  and  are  more  opaque  than  norma!,  the  nucleus  being 
usually  somewhat  concealed  in  the  granules  when  these  are  numerous 
(Fig.  17).  The  albuminous  granules  in  the  cells  are  soluble  in  dilute 
acetic  acid,  but  not  in  ether,  being  thus  distinguished  from  fat. 
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While  all  the  cells  of  the  body  are  subject  to  this  phase  of  proto- 
plasmic degeneration,  it  is  most  pronounced  and  frequent  in  the  paren- 
chyma cells  of  the  liver  and  kidney,  in  muscle,  in  epithelial  cells  of  the 
mucous  membranes.  These  are,  it  will  be  seen,  cells  which  have  a  large 
amount  of  cytoplasm  and  in  which  metabolism  is  active  and  the  exi- 
gencies of  nutrition  are  imperative.  The  alterations  in  the  ganglion 
cells  of  the  central  nervous  system  in  infectious  diseases  and  in  various 
forms  of  intoxication  are  somewhat  different  from  those  occurring  in 
other  parenchyma  cells  and  will  be  described  in  the  section  devoted  to 
the  Brain  and  Spinal  Cord. 

Cells  in  a  condition  of  albuminous  degeneration  may  return  to  their 
normal  state,  they  may  become  fatty,  or  they  may  die,  become  necrotic, 
and  disintegrate. 

The  liver,  kidney,  muscle,  mucous  membranes,  etc.,  when  in  this  con- 
dition, are  often  swollen  and  in  gross  appearance  more  opaque  and  gray 
than  when  normal. 

The  exact  chemical  nature  of  this  degenerative  process  is  obscure 
and  will  doubtless  remain  so  until  we  know  much  more  than  we  now 
do  of  cell  structure  and  cell  metabolism.* 

Technique. — The  microscopical  study  of  this  lesion  is  best  made  in  fresh  frozen 
sections  of  the  tissue,  by  the  rapid  formalin  method,  page  1028;  or  in  fresh  tissue  teased 
in  one-half-per-cent.  salt  solution. 

FATTY  DEGENERATION  AND  FATTY  INFILTRATION. 

General  Considerations. 

It  should  be  remembered  that  besides  the  occurrence  of  fat  cells  in 
fat  tissue  and  in  the  interstitial  tissue  of  various  organs,  the  accumulation 
of  fat  in  certain  epithelial  cells  is  physiological,  as  in  the  functional 
processes  of  the  mammary  and  sebaceous  glands.  In  the  involution 
of  the  uterus — also  a  physiological  process — extensive  fatty  metamor- 
phosis of  cell  protoplasm  occurs. 

It  is  customary  and  convenient,  in  considering  the  abnormal  accu- 
mulation of  fat  in  the  tissues,  to  assume  that  in  one  set  of  cases — fatty 
degeneration — the  fat  is  formed  by  a  retrograde  metamorphosis  or  degen- 
eration of  the  proteid  elements  of  protoplasm,  a  process  by  which  the 
integrity  and  capacity  of  the  cell  are  compromised,  while  in  the  other — 
fatty  infiltration — it  may  be  due  to  a  simple  accumulation  in  the  cell  of 
fat  formed  eleswhere — a  condition  of  less  significance. 

The  validity  of  this  assumption  has  of  late  been  called  in  question. 
It  involves  in  large  measure  the  solution  of  the  physiological  problem 
whether  normally  the  fat  in  the  body  is  formed  from  proteids  or  from 
carbohydrates.  Concerning  this,  many  experiments  and  much  argument 
have  been  made;^  but  it  appears  not  yet  to  be  solved.     The  traditional 

^  For  a  study  of  albuminous  degeneration  see  AWrecht,  Verb.  Deutsch.  Path.  Gea.,  Bd.  vi.,  p.  63, 
1903. 

'  For  a  critical  summary  of  this  question  see  Taylor,  American  Journal  of  the  Medical  Sciences, 
vol.  cxvii.,  p.  569,  1899.  For  a  study  of  the  r61e  of  soluble  soaps  in  formation  of  fat  in  cells  see  KloU, 
Jour.  Exp.  Med.,  vol.  vii.,  p.  670.  See  also  ref.  to  Albrecht,  foot-note  above.  For  a  study  of  myelo- 
genous substances  in  cells  see  Albrecht,  Verh.  Deutsch.  Path.  Ges.,  Bd.  vi.,  p.  95,  1903. 
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distinction  between  fatty  degeneration  and  fatty  infiltration  will  there- 
fore be  made  here,  with  such  modifications  and  reserve  as  are  fitting  in 
view  of  our  lack  of  knowledge. 

There  is  apparently  a  certain  amount  of  fat  or  closely  related  sub- 
stances in  the  cytoplasm  of  many  cells  not  demonstrable  morphologically. 
Similarly  there  is  fat  in  the  blood  which  may  be  conveyed  to  cells. 
Under  normal  conditions  these  forms  of  fat  enter  into  the  metabolism  of 
the  cells  and  are  used  up. 

We  might  perhaps  wisely  adopt  the  conception  of  Ribbert  that  fatty 
degeneration  is  a  condition  in  which  the  involved  cells  are  so  damaged 
through  various  harmful  agencies  that  the  fat  which  they  may  normally 
contain,  but  which  is  invisible  in  their  cytoplasm,  or  fat  taken  into  the 
cell  from  without,  or  fat  formed  in  the  cell  metabolism,  is  not  properly 
metamorphosed — burned — but  accumulates  in  droplets  in  the  cell 
body. 


Fatty  Deqeneration. 

In  fatty  degeneration  there  is  an  accumulation  of  larger  and  smaller 
droplets  of  fat  in  the  cell,  sometimes  so  slight  as  to  be  scarcely  visible, 
sometimes  so  great  as  largely  to  replace  the  protoplasm,  crowding  the 
nucleus  to  one  aide.  These  strongly  refractile  fat  droplets  are  not 
changed  by  dilute  acetic  acid.     They  are  soluble  in  ether,  and  when  fresh 


are  stained  black  by  osmic  acid  (Fig.  18)  or  red  (Fig.  19)  by  Sudan  III 
or  Scharlach  R  {see  technique  below).  Not  infrequently,  feathery  clus- 
ters of  delicate  fat  crystals  are  present  in  the  cells.  Cells  in  exces- 
sive fatty  degeneration  may  disintegrate,  forming  an  oily  detritus  in 
which,  especially  when  much  moisture  is  present,  cholesterin  crystals 
may  form  by  decomposition  of  the  fat. 

To  the  naked  eye,  organs  in  a  condition  of  marked  fatty  degeneration 
are  usually  larger  and  softer  than  normal,  have  a  grayish-yellow  color  or 
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are  mottled  with  yellowish  streaks  or  patches,  and  the  normal  markings 
of  cut  surfaces  are  more  or  less  obscured. 

Fatty  degeneration  may  be  associated  with  or  may  follow  albuminous 
degeneration  and  may  occur  under  similar  general  conditions,  as  in 
infections,  poisoning,  etc.  It  is  often  associated  with  the  processes  of 
necrosis  and  disintegration  in  dead  cells  and  dead  tissue.  It  may  be 
due  to  local  or  general  disturbances  of  nutrition,  from  a  great  variety  of 
causes — disturbances  which  either  directly  affect  the  life  processes  of 


lined  with  Scharlscb  R. 

the  cells  themselves  or  which  produce  alterations  in  their  nutritive  sup- 
ply. In  addition  to  its  local  occurrence,  as  a  result  of  local  disturbances 
of  circulation  in  the  vicinity  of  inflammations  or  in  tumors,  etc.,  it  ia 
apt  to  occur  in  the  liver,  heart  muscle,  and  kidney  in  chronic  exhausting 
diseases  and  in  conditions  and  diseases  to  which  profound  anaemia  is  in- 
cident, in  senility,  or  as  the  result  of  the  action  of  certain  poisons,  such  as 
phosphorus  and  arsenic. 

The  function  of  the  cell  in  fatty  degeneration  may  be  greatly  impaired, 
as  in  fatty  degeneration  of  the  heart  muscle.  On  the  other  hand,  in  the 
liver  and  kidney,  the  function  of  the  organ  may  not  apparently  suffer  even 
with  marked  degrees  of  the  lesion.  The  cell  may  recover  if  the  lesion 
be  not  too  profound. 
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Fatty  Infiltration. 


This  is  of  comnton  occurrence  under  normal  as  well  as  pathological 
conditions.  The  fat  is  believed  to  originate  outside  of  the  cells,  accumu- 
lating in  them,  and  inducing  a  passive  atrophy  of  the  cytoplasm.  Cells 
in  a  condition  of  abnormal  fatty  infiltration  are  scarcely  to  be  distin- 
guished morphologically  from  thoBe  involved  in  fatty  degeneration. 
The  presence  in  the  cells  of  large  or  small  droplets  of  fat,  without  marks 
of  degeneration  in  the  remaining  protoplasm,  has  been  regarded  as 
distinctive  of  infiltration. 

la  some  phases  of  fatty  infiltration,  as  in  the  heart  (Fig.  20)  or  the 
pancreas  for  example,  the  fat  accumulates  in  the  cells  of  the  interstitial 


Fig.  20.— Fattt  iHriLTHATloN  or  the  Heart. 

The  Cat  celh  have  aceumubted  btltutn  lbs  muscle  cells  of  the  heart,  uid  not  anlkin  them  u 

in  fatty  d«geaenitioii. 

connective  tissue  in  a  manner  identical  with  that  in  which  the  normal 
panniculus  adiposus  is  formed.  The  heart  muscles  or  the  gland  cells  are, 
under  such  conditions,  affected  secondarily  through  pressure  atrophy 
from  the  accumulated  fat.  It  should  be  remembered  that  fatty  infiltra- 
tion and  fatty  degeneration  may  occur  simultaneously.  When  fat  pro- 
duction or  fat  storage  is  largely  in  excess  of  fat  consumption  from  either 
local  or  genera]  causes,  the  condition  is  called  lipomatosis  or  liposis.^ 

Lipoid  Degeneration.^ — In  the  cortex  of  the  adrenal  and  in  the  lutein 
cells  of  the  ovary  double  refractive  granules  occur  normally.     Similar 

'ForaatudyoflipomstoeisHithbibl.,  HsLvan,  Arch.  odnt.  Med..  1910,  H  10. 
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granules  are  found  in  atherosclerotic  areas  in  the  vessels,  in  some  of  the 
nephritides,  in  the  walls  of  old  abscesses,  and  in  the  gall-bladder  with 
biliary  stasis,  also  in  the  so-called  adrenal  tumors  of  the  kidney,  in  adeno- 
mata of  the  adrenal,  and  in  xantbo- 
mata  of  the  skin.  These  granules 
are  composed  of  a  combination  of 
cbolesterin  and  fatty  acid  in  the 
form  of  an  ester  (Fig,  20a).' 

Technique. — ProEen  sections  should 
be  made  of  fresh  tissues,  which  may  then 
be  examined  in  0.85-peT-cent.  salt  solu- 
tion with  crossed  Nicols  for  double  re- 
fracting fat;  orfroEea  sections  of  fresh 
tissue  or  that  hardened  in  formaUn  can 
be  stained  for  twenty  minutes  in  a  satu- 
rated solution  of  Sudan  111  or  Scharlach 
Flo,  30b.— Lipoid  Globclu  ih  Jdicb  Exphbsbbd  R  •"  equal  parts  of  acetone  and  seventy- 
rnou  SupBABBKAL.  per-cent.    alcohol,    washed    in   seventy- 

le       und«  0  ma  per-oent.  alcohol,  transferred  to  water, 

and  mounted  in  glycerin  or  glycerin  jelly. 
A  saturated  aqueous  solution  of  Nile  blue  sulphate  (Grtibler)  will  also  stain  fat  satis- 
factorily. With  this  stain  the  neutral  fat  is  red,  the  nuclei  blue,  and  the  fatty  adds 
daric  blue.  The  granules  which  stain  a  purplish  color  are  lipoids.  It  is  an  advantsige, 
according  to  Schmorl,  to  wash  the  sections  in  one-per-cent.  acetic  acid,  and  then  in 
water,  and  embed  in  glycerin  or  glycerin  jelly.' 

GLYCOGEH  IBFILTRATIOIT. 

Glycogen  appears  under  abnormal  conditions  in  the  cells  as  hyaline, 
mostly  globular  masses  of  varying  size  (Fig.  21).  It  is  soluble  in  water, 
is  stained  brownish-red  by  iodine, 
and  does  not,  like  amyloid,  as- 
sume a  greenish  color  by  further 
addition  of  sulphuric  acid.  In 
diabetes  it  may  occur  in  large 
quantities  in  the  liver  cells  and 
in  the  epithelial  cells  of  the 
uriniferous  tubules,  especially  in  ^°-  2i,-^licoobk  iNnLTK*-noN  ar 

those  of  Henle's  loop,  and  in  Ti>«d„pi,taof  b^^™b™!I^«i  with  bdbe. 
leucocytes.     It  may  be  found  in 

fresh  pus  cells,  in  the  cells  of  various  forms  of  tumors,  and  in  leucocytes 
in  the  blood  in  leuluemia,  in  chronic  diseases  of  the  gastrointestinal  tract 
in  children,  and  in  various  acute  and  chronic  diseases. 

TECHWQUE.^If  the  tissue  to  be  examined  for  glycogen  be  fresh,  the  iodine  should 
be  used  in  solution  in  glycerin  (equal  parts  of  Lugol's  solution  and  glycerin),  in  order 

red.  For  s  detailed  sludy  of  ccrUiin  of  tbeae  lipoids  see  BaTiff,  Chemie  u.  Biochem.  der  Lipoide.  Berg- 
muiD,  1911;  Kaicamum,  CholtaterintBlerverfettung.  IBll. 

iFor  method  of  Btiuning  tal-arid  ery aula  see  M allory  uid  TfrioA('«  "Path.  Techniaue,"  5tb  edition. 
1013,  p.  38fl.     For  det^ls  of  atMning  f»l  und  lipoid  BubalanwB  mo  Schmorl.  Puthologischen  Untei- 


#|»« 
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to  Avoid  its  solution.  If  specimens  are  to  be  hardened,  this  should  be  done  in  absolute 
alcohol  to  avoid  the  solution  of  the  glycogen.  Sections  may  be  stained  with  picro-acid 
fuchsin  (Van  Gieson's  stain)  or  with  a  dilute  solution  of  iodine  in  alcohol  (tincture 
iodine  1  part,  absolute  alcohol  4  parts),  cleared  up  and  studied  in  oil  of  origanum. 

SEROUS  IHFU.TRATIOH  OF  CELLS  (Hydropic  D«g«iier«tioii,  Vacuolization). 

Under  many  pathological  conditions,  cells,  especially  those  of  mucous 
membranes,  glands,  muscles,  tumors,  etc.,  contain  one  or  more  larger  or 
smaller  droplets  of  clear  fluid  (Fig.  22).  The  cell  may  thus  be  distended. 
These  droplets  are  usually  extra-nuclear  and  may  crowd  the  nucleus  to 
one  side  of  the  cell.  The  nature  and  source  of  this  accumulated  fluid  are 
not  definitely  known.  Its  transparent  appearance  in  the  granular  pro- 
toplasm has  given  rise  to  the  term  "vacuole."  It  may  be  associated 
with  general  tissue  cedema,  with  inflammatory  and  degenerative  proc- 
esses, etc. 

Mucous  and  Colloid  Degeneration. 

There  is  a  group  of  closely  related  translucent  glyco-proteid  substan- 
ces which  it  was  formerly  thought  practicable  to  distinguish  by  simple 
chemical  tests  especially  relating  to  solubility.  Among  these  are  the  so- 
called  mucins  and  colloid.     The  simplicity  of  the  earlier  distinction  has. 


however,  not  been  justified  by  more  modern  research,  so  that  the  separa- 
tion of  mucoid  and  colloid  degeneration  along  the  old  lines  does  not 
express  very  definite  chemical  knowledge.  It  will,  however,  be  con- 
venient, while  awaiting  light  from  the  chemist,  to  maintain  the  old 
distinctions  between  mucous  and  colloid  degeneration,  unstable  as  are 
the  foundations  on  which  they  rest. 

HUCOnS  DEGEHERATIOH. 

Mucous  degeneration  may  occur  in  cells  or  in  intercellular  substance. 
\Mien  occurring  in  cells  it  consists,  under  pathological  as  under  normal 
conditions,  of  the  transformation  of  the  protoplasm  into  a  translucent, 
ropy,  semi-fluid  material,  occupying  more  space  than  the  unaltered  pro- 
toplasm and  hence  causing  a  swelling  of  the  cells  (Fig.  23).  The  dis- 
tention of  cylindrical  epithelium  by  the  accumulation  of  mucin-containing 
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substances  in  the  outer  portion  of  the  cell,  with  the  crowding  of  the  nu- 
cleus and  the  remnant  of  the  cytoplasm  toward  the  base,  often  gives  the 
cells  the  shape  of  a  goblet  or  beaker  (Fig,  24) .  Hence  the  name  "  beaker 
cells,"  often  applied  to  them.  This  appearance  is  especially  well  marked 
when  the  mucinogenous  contents  of  the  cell  have  been  discharged  from 
the  free  end. 

Mucins  may  collect  in  small  transparent  droplets  within  cells  or  may 


lo  the  lonnstioD  of  mucoiu  in  the  epithelium  of  the  tmkll  ioteatine.     The  mucus  is  Btsioed  <riUi  thionm. 

80  distend  them  as  to  form  a  globular  body  with  a  scarcely  visible  rem- 
nant of  nucleus  or  cytoplasm.  The  cells  may  be  totally  destroyed  by 
the  accumulation  of  the  mucinous  material  within  them.  ^  This  new- 
formed  material  contains  mucin  in  solution,  which  is  precipitated  by 
acetic  acid  and  by  alcohol.     It  swells  up  in  water  and  is  readily  stained 


Fio.  35.~M[Jcous  Deoehehation  of  Fibrous  Tisscb  or  Mamha. 

by  thionin.     It  occurs  under  a  variety  of  conditions,  sometimes  as  an 
abnormal  increase  of  a  normal  function  of  cells,  as  in  many  catarrhs, 

sometimes  as  an  entirely  abnormal  transformation. 

In  certain  cases,  as  in  many  tumors,  in  cartilage,  bone,  and  other 
tissues,  the  intercellular  substance  may  undergo  conversion  into  mucin- 
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containing  material,  losing  almost  entirely  its  original  structure  (Fig. 
25).  The  cells  in  such  cases  may  be  affected  only  secondarily  by  the 
pressure  which  the  new-formed  material  exerts  upon  them. 

Technique. — Tissues  should  be  hardened  in  Orth's  fluid  or  formalin  followed  by 
alcohol;  the  sections  are  stained  with  picro-acid  fuchsin  or  with  hsematoxylin,  which 
colors  the  mucin-containing  portions. 

COLLOID  DEGENERATION. 

This  is  very  closely  allied,  both  in  chemical  and  morphological  char- 
acters, to  mucous  degeneration,  and  in  many  cases  there  is  no  definite 
microscopic  distinction  between  them.  But  colloid  material,  which  is 
normally  present  in  the  thyroid,  is  firmer  and  more  consistent  than 
mucinous,  does  not  yield  a  precipitate  on  addition  of  acetic  acid  or 
alcohol,  and  its  formation  is  usually  confined  to  cells;  not  involving 
intercellular  substance,  except  by  an  atrophy  which  its  accumulation 
sometimes  induces.  The  cells  may  contain  larger  and  smaller  droplets 
of  colloid  material,  or  the  latter  may  nearly  or  entirely  replace  the  proto- 
plasm and  accumulate  to  such  an  extent  as  to  cause  rupture  and  destruc- 
tion of  the  cell.  In  this  way,  and  by  the  atrophy  of  intercellular  sub- 
stance which  its  accumulation  causes,  cysts  may  be  formed  containing 
colloid  material  and  cell  detritus.  Colloid  material  accumulates  fre-. 
quently  in  the  thyroid  gland.  A  material  resembling,  if  not  identical 
with,  colloid  is  occasionally  seen  in  the  form  of  homogeneous  globules 
in  the  tubules  of  kidneys  which  are  the  seat  of  other  lesions,  in  the 
hypophysis,  and  in  various  tumors. 

Technique. — Tissues  should  be  hardened  in  formalin  or  Orth's  fluid,  and  stained 
with  picro-acid  fuchsin. 

Hyaline  Substances. 

Under  a  variety  of  conditions  there  are  deposited  in  the  tissues  homo- 
geneous proteid  substances  whose  origin  and  nature  are  still  obscure. 
Sometimes  they  are  very  abundant  and  seriously  interfere  with  the 
function  of  the  organs  in  which  they  occur.  But  frequently  they  are 
present  in  small  amount  and,  with  or  without  association  with  other 
processes,  seem  to  be  of  slight  importance.  While  some  of  these  are 
characteristic  in  appearance  and  in  the  conditions  under  which  they 
occur,  and  give  definite  gross  and  micro-chemical  reactions,  others  seem 
at  present  to  have  no  definite  reactions  and  appearances,  except  the 
homogeneous  character  which  they  all  share. 

One  of  these  substances,  amyloid^  can  be  definitely  differentiated  by 
its  appearance,  color  reactions,  and  the  conditions  under  which  it  occurs. 
Another,  hyaline  substance,  while  less  individualized  than  amyloid,  is 
conveniently  considered  for  the  present  as  a  definite  material.  The 
remainder  of  the  homogeneous  substances  cannot  be  classified  now  and 
are  probably  of  diverse  origin  and  composition. 
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HYAUIIE  DEGEHERATIOH. 


This  is  the  transformation  of  tissues  into  a  transparent,  glassy  sub- 
stance, much  resembling  amyloid  in  its  morphological  characters  (Fig. 
26);  but  which  does  not  give  the  micro-chemical  reactions  of  amyloid, 
and  appears  under  difTerent  conditions. 

Hyaline  substance  is  resistant  to  the  action  of  acids,  and  stains 
readily  with  acid  fuchsin  and  eosin.  It  occurs  especially  in  the  walls  of 
the  smaller  blood-vessels  in  various  parts  of  the  body,  in  voluntary 
muscle  fibres,  and  sometimes  involves  interstitial  tissue.  It  occurs  in 
the  thyroid,  the  brain,  the  reticular  tissue  of  lymph-nodes,  and  in  the 


Fio.  26.— Htauhi  DBoiHBRATiaN  iH  TBB  WALLS  Fio.  27.— Htauhi  Dioehiutioh  or 

or  Siuu.  Blood-vemelb.  Mitbclk  Cells. 

From  s  wrcoma.  iDfectioa  of  preKnant  utenu. 

ovaries;  in  the  membrana  propria  of  the  tubules  of  the  kidney  and  in 
Bowman's  capsule;  in  the  walls  of  aneurisms,  in  the  lesions  of  diphtheria, 
tuberculosis,  and  ssTihilis;  in  the  hyaloid  membrane  and  vessels  of  the 
eye,  and  elsewhere.  It  occurs  in  the  unstriated  muscle  fibres  in  infection 
of  the  uterus  during  pregnancy  (Fig.  27).  It  is  believed  that  fibrin, 
blood  plates,  and  leucocytes  may  undergo  hyaline  degeneration,  and  in 
the  form  of  so-called  hyaline  thrombi  this  substance  may  block  the 
capillaries  in  many  infectious  diseases — typhoid  fever,  pneumonia, 
diphtheria,  pyjemia,  etc. — and  under  other  conditions  (see  p.  27). 

Hyaline  substance  is  not  uncommon  in  coarse  trabeculse  or  in  masses 
as  an  apparent  modification  of  fibrin  in  inflammatory  exudates  and  in 
thrombi.     Hyaline  casts  are  common  in  the  kidney  tubules.* 

Tbchniqde. — Hardening  in  alcohol,  Orth's  fluid,  or  formalin.  Staining  by  picro- 
acid  fuchsin  or  by  hieroatoxylin  and  eosin. 

AMYLOID  DEGEHERATTOH  (Waxy  or  Lardaceous  Degeneration). 

This  is  a  process  by  which  the  basement  substance  of  various  forms 
of  connective  tissue,  and  especially  the  walls  of  the  blood-vessels,  become 
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swoUeD  and  thickened  by  their  conversion  into  a  translucent,  firm, 
glassy,  colorless  material,  albuminous  in  character.  For  the  micro- 
chemical  reactions  of  amyloid  substance  see  below  under  Technique. 
This  albuminous  material  may  be  present  in  the  tissues  in  such  small 
amount  as  to  be  recognizable  only  under  the  microscope,  or  it  may  be  so 
abundant  as  to  give  a  very  characteristic  appearance  to  the  tissue. 
Parts  in  which  the  lesion  is  marked  are  usually  enlarged,  and  some  organs, 
the  liver,  for  example,  may  reach  a  very  large  size.  Affected  parts 
contain  less  blood  and  feel  harder  than  normal,  and  have  a  peculiar 


shining  and  translucent  appearance  which  varies  in  character,  depending 
upon  the  extent  and  distribution  of  the  degenerated  areas  and  upon  its 
association  with  other  lesions,  such  as  fatty  degeneration.  It  most 
frequently  occurs  in  the  smaller  arteries  and  capillaries  (Fig.  28),  whose 
lumen  is  encroached  upon  by  the  thickening  of  the  wails  which  the 
process  involves.  It  is  usually  the  media  and  intermediary  layers  of 
the  intima  which  are  earliest  and  most  extensively  affected.  The  change 
also  often  occurs  in  the  interstitial  connective  tissue  and  membrana 
propria  of  organs  and  in  reticular  connective  tissue.  It  does  not  afTect 
the  parenchyma  cells  of  organs.  These,  however,  frequently  undergo 
atrophy  as  the  result  of  pressure  from  the  swollen,  degenerated  tissue. 
It  is  not  yet  known  whether  amyloid  degeneration  is  due  to  a  direct 


50  REGRESSIVE   TISSUE   CHANGES 

transformation  of  the  tissue,  or  is  an  infiltration  by  some  abnormal 
material  formed  elsewhere  and  brought  to  it,  or  is  derived  from  the  blood. 
Amyloid  degeneration  occurs  most  frequently  and  abundantly  in 
the  liver,  spleen,  kidneys,  intestinal  canal,  and  lymph-nodes;  but  it  may 
occur,  usually  in  a  leas  marked  degree,  in  other  parts  of  the  body:  in 
the  larger  blood-vessels,  in  the  interstitial  tissue  of  the  heart  and  mucous 
membranes  of  the  air  passages,  and  in  the  generative  organs.  It  may 
occur  locally  or  appear  in  various  parts  of  the  body  at  once.  It  most 
frequently  occurs  in  connection  with  severe  wasting  diseases,  particu- 
larly in  those  involving  chronic  suppuration  and  ulceration,  especially  of 
the  bones.  It  is  common  in  tuberculosis,  syphilis,  and  the  cachectic  con- 
dition induced  by  malignant  tumors,  and  is  occasionally  seen  in  severe 
malarial  infection,  dysentery,  and  leukiemia,' 

TECHNigcB.-^For  microscopic&l  examination,  the  tissue,  either  fresh  or  after  pres- 
ervation, should  be  cut  into  thin  aectiona,  and  theae  deeply  etained  with  one-per-cent 
aqueous  aolution  of  methyl  violet;  the  sections  are  waehed  in  water  and  mouDt«d  io 
glycerin.  The  diCFerentiation  between  the  amyloid  and  other  parts  is  more  distinct  if, 
after  staining,  the  specimen  be  dipped  for  an  instant  in  HCI  and  alcohol  1  :  100,  and 
then  carefully  rinsed,  before  mounting  in  glycerin.  The  degenerated  areas  are  thua 
stained  rose-red,  while  the  normal  tissue  elements  have  a  bluish  violet  color.  In 
some  cases,  for  reasons  which  we  do  not  know,  the  amyloid  substance  does  not  show 
a  well-marked  reaction  with  methyl  violet.  For  the  detection  of  amyloid  in  fresh 
tissues  by  the  iodine  reaction  see  p.  1012. 

Corpora  amylacea  are  small,  spheroidal, 
homogeneous  or  lamellated  bodies  (Fig.  29), 
which  assume  a  bluish  color  on  treatment 
with  solution  of  iodine  or  iodine  and  sul- 
phuric acid.  They  are  frequently  found  in 
the  acini  of  the  prostate  gland,  sometimes  in 
large  numbers;  in  the  epeadyma  of  the 
brain  and  cord;  in  the  lung  and  also  in 
extravasations  of  blood  and  in  various 
Fia.  29.— coapoiti  autucea.  othef  Situations.  They  may  occur  under 
From  piwiate  eland.  normal  as  Well  as  pathological   conditions, 

and  are  apparently  of  little  importance. 
They  seem  to  have  nothing  to  do  with  amyloid  degeneration,  although 
they  somewhat  resemble  its  products.  Some  of  the  tube  casts  of  the 
kidney  resemble  the  corpora  amylacea  chemically.* 

CALCAREOUS  IHFILTRATIOIT. 

There  is  in  this  condition  a  deposition,  either  in  cells  or  in  the  inter- 
cellular substance,  of  larger  and  smaller  granules  composed  chiefly  of 
phosphate  and  carbonate  of  calcium  (Fig.  30).     These  particles,  when 
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abundant,  give  hardness,  brittleness,  and  a  whitish  appearance  to  the 
affected  tissue.  Under  the  microscope  they  appear  dark  by  transmitted, 
white  and  glistening  by  reflected,  light.  In  hsematoxylin-stained 
specimens,  the  tissue  about  the  lime  particles  and  masses  is  apt  to  be 
deeply  and  diffusely  colored.  Tissues  may  be  nearly  completely  per- 
meated with  salts,  or  the  latter  may  be  scattered  in  patches  through 
them  (Fig.  31).  Sometimes  large  lamellated  concretions  are  formed  in 
tissues,  usually  at  the  seat  of  some  old  inflammatory  process.  Calcium 
salts  may  be  deposited  under  abnormal  conditions  either  in  tissues  or  in 
the  retained  secretions  and  excretions  of  the  body.  In  pathological 
calcifications  they  are  retained,  not  in  the  diffuse  state  in  which  they 
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This  ia  foUowing  subliuute  pobanini.     Some  ol  the  cells  are  convened  iDto  nuniled,  strongly  ^ 
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calcified  partA  are  diffueeiy  stained  with  hsmaloxylin.  ^3 

5 

exist  in  bone,  but  in  particles  or  clumps,  although  the  calcium  compounds  g 

are  essentially  the  same  under  both  the  normal  and  the  pathological  □ 

conditions.  ^ 

Calcification  in  tissues  usually,  if  not  always,  occurs  in  parts  which  y, 

are  dead  or  are  in  a  condition  of  reduced  vitality  as  a  result  of  some 
antecedent  abnormal  process,  as  a  rule  of  an  inflammatory  nature. 
Fatty  degeneration  of  cells  frequently  precedes  calcification.  Among 
the  most  common  and  important  examples  of  calcareous  degeneration 
may  be  mentioned  those  which  occur  in  the  valves  of  the  heart  in  endo- 
carditis and  the  walls  of  the  blood-vessels  in  chronic  obliterative  endar- 
teritis. It  occurs  in  old  thrombi,  in  old  tuberculous  areas,  in  old  infarcts, 
in  long-retained  dead  foetuses,  in  cartilage,  in  ganglion  cells  in  old  age 
or  after  their  death  from  any  cause,  and  under  many  other  conditions. 
Calcification  of  the  epithelium  and  of  casts  in  the  kidney  occurs  after 
corrosive-sublimate  poisoning  in  man  (see  p.  421)  and  may  be  experi- 
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mentally  induced  in  animals.  As  examples  of  calcification  of  masses 
of  secretion  and  excretion  we  may  mention  tonsillar  calculi'  in  which 
masses  of  epithelial  cells,  bacteria,  etc.,  are  infiltrated  with  calcium 
salts.  Of  similar  character  are  the  preputial,  bronchial,  and  intestinal 
calculi,  and  calculi  in  the  ducts  of  various  glands;  and  calcification  in 
thrombi  and  other  fibrinous  structures. 

The  calcium  salts  are  derived  from  the  blood  and  lymph  in  which 
they  are  held  in  solution.     The  rationale  of  their  deposition  in  damaged 
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cells  and  tissues  is  not  yet  clear,  though  much  work  and  discussion  have 
centred  in  the  problem.  The  presence  of  phosphorus  in  the  affected 
areas;  the  existence  of  fatty  acids  in  cells  and  tissues — since  fatty 
degeneration  so  frequently  precedes  calcification — with  which  the  cal- 
cium may  form  insoluble  soaps;  and  proteids  capable  of  uniting  with 
calcium,  have  all  been  urged  as  determining  factors.  We  cannot  enter 
here  upon  a  discussion  of  this  point.' 

Technique. — The  carbonate  of  lime  depoBit«d  in  the  tissues  is  dissolved  by  di- 
lute acids  with  evolution  of  carbonic-acid  gas.  This  process  may  be  observed  under 
the  microscope  by  running  five-per-cent.  hydrochloric  acid  under  the  cover-glass 
upon  unstained  sections ;  the  gas  bubbles  are  caught  as  they  evolve  beneath  the  cover. 

'  Calculi  are  muMi  of  •olid  maUrial  of  vsrioiu  composition  prccipiuied  from  the  body  Suidi. 

'  ConBult  Welh,  ■'PmholoBical  Cllcificntion."  Jour.  .Med.  Researeh.  vol.  xiv..  1906.  o.  iOl.  bibl. 
Atoo,  for  a  study  of  the  rOle  of  diffusible  soapa  in  the  form: 
see  Klcli.  "Calcareous  Degeneratioa."  Jour.  Exp.  Med. 
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Ptginentation. 

There  is  under  normal  conditions  a  certain  amount  of  pigment  in  the 
body — in  the  rete  Malpighi  of  the  ekin,  in  the  eye,  in  muscle,  and  in  fat. 
This  pigment  is  elaborated  by  the  body  cells  and  may  vary  considerably 
in  amount. 

The  pigment  which  is  formed  under  pathological  conditions  may  be 
derived  from  the  blood — h<Ematogenou»;  from  the  bile — hepatogenous;  or 
it  may  be  elaborated  by  various  cells  after  the  analogy  of  the  normal 
pigment — metabolic.     Finally,  pigment  may  be  introduced  into  the  body 
from  without  by  drugs,  in  tattooing,  or  by 
inhalation — extraneotts.     The  pigment  in  the 
body,  of  whatever  origin,  may  be  in  yellow, 
brown,    black,  or  reddish  granules,   or   in 
ci^stalline  form.     It  is  often  deposited  in 
cells,   but  may  lie  free  in  the  intercellular 
substance.      It    is    often   transferred    from 
place  to  place  in  the  body.' 

HEMATOGENOUS  PIGMENT. — Blood  pig- 
ment may  form  by  the  decomposition  of 
hemoglobin  in  thrombi,  in  extravasatcd  or 

in  the  circulating  blood.     Under  these  con-        fio.  32.— Piqment  CoMTAiHma 
ditions    the   haemoglobin   which   is   loosely    i"™ '['""n  Epitheual  csllb  or 

.  .  0  111,         'HK  Air  V«»1CIX8  OPTHB    LUKOg. 

associated  with  the  plasma  of  the  red  blood        xhs  iron  pinment  in  colored  biuo. 
cells  readily  diffuses,  leaving  the  cells — so-    This  upeoimen  is  f mm  the  luara  of  m 
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called      blood  shadows   — pale  and  almost    ciiy. 

invisible  and  prone   to    disintegrate.     This 

destruction  of  blood  cells  is  called  hmmolysis.     Hemoglobin  in  solution 

in  the  body  fluids'  undergoes  various  phases  of  decomposition  which 

we  cannot  follow  in  detail  here.     One  of  the  derivatives  or  groups  of 

derivatives  of  the  hiemoglobin  is  called  hemosiderin. 

Hiemosiderin  usually  appears  in  the  form  of  brown  or  black  granules 
either  in  cells  or  free  in  the  tissues.  It  is  the  usual  form  of  blood  pig- 
ment resulting  from  hasmolysis.  It  gives  the  microchemical  reaction  for 
iron.     For  this  test  for  iron  in  hiemosiderin  see  foot-note  below.' 

A  further  common  decomposition  product  of  hsemoglobin  is  hcema- 
loidin.  Hfematoidin  is  identical  in  chemical  composition  with  the  bile 
pigment,  bilirubin.  It  may  occur  as  red  rhombic  plates  or  acicular 
crystals  or  as  granules  (Fig.  33).     It  does  not  contain  iron.     This   is 
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the  form  of  blood  pigment  which  after  a  time  is  apt  to  form  at  the 
seat  of  old  haemorrhages  or  in  old  blood-clots,  thrombi,  etc.,  where  it 
may  persist  for  a  long  time. 

Red  blood  corpuscles  may  be  taken  up  by  various  forms  of  phago- 
cytes, and  within  these  cells  the  decomposition  of  the  haemoglobin  may 
lead  to  their  pigmentation. 

Haemolysis  may  take  place  in  the  circulating  blood  in  many  forms 
of  poisoning,  in  acute  infections,  notably  in  malaria,  in  pernicious  anae- 
mia, in  various  cachexiae,  etc.  The  haemoglobin  thus  set  free  in  the 
body  fluids  may  be  eliminated  through  the  urine,  inducing  haemo- 
globinuria;  it  may  be  used  by  the  liver  in  the  formation  of  bile;  or  it 
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Leucocytes. 

may  undergo  decomposition,  and  its  derivatives  may  be  deposited  in 
the  cells  of  various  organs  and  in  the  tissues  as  pigment  granules. 

A  condition  called  hcemochromatosis  has  been  described,  in  which  a 
brown  pigment,  probably  derived  from  the  haemoglobin  of  the  blood,  is 
deposited  in  various  tissues  of  the  body.  The  organs  in  this  condition 
may  appear  notably  pigmented  on  gross  examination.  The  pigment 
particles  which  are  found  in  the  epithelial  cells  of  glands,  especially  of 
the  liver  and  pancreas,  contain  iron;  while  an  iron-free  pigment  may  be 
present  in  the  smooth  muscle  cells  of  the  gastro-intestinal  canal  and  of 
the  blood  and  lymph  vessels,  and  in  connective-tissue  cells.  This  pig- 
mentation is  commonly  associated  with  cirrhosis  of  the  liver.  Haemo- 
chromatosis  may  be  associated  with  diabetes  mellitus  and  cirrhosis  of 
the  liver,  together  with  pigmentation  of  the  skin — "bronze  skin." 
The  conditions  leading  to  haemochromatosis  are  still  obscure.^ 

Hepatogenous  Pigment. — ^Pigmentation  of  tissues  from  the  bile 
occurs  under  various  conditions.  The  bile  may  enter  the  blood  and  tis- 
sue fluids  in  obstruction  of  the  gall  ducts  by  inflammation,  tumors,  cal- 
culi, etc.  In  the  condition  called  jaundice  or  icterxis  the  tissues  are 
stained  yellowish  or  yellowish-green  by  bile  pigment.  Icterus,  it  should 
be  remembered,  may  also  occur  in  infectious  diseases  and  in  toxaemia, 
under  conditions  which  lead  to  destruction  of  red  blood  cells  within  the 
vessels.  Bile  pigment  may  be  deposited  in  the  liver  and  elsewhere  in 
the  form  of  yellow  or  brown  granules. 

^For  a  careful  study  of  hsemochromatosis,  with  bibliography,  see  Opie,  Jour.  Exp.  Med.,  voL 
v.,  p.  279. 
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It  consists  largely  of  bUirubin,  a  substance  identical  with  hsema- 
toidin,  being  derived  from  bBemoglobin  through  the  metabolism  of  the 
liver  cells. 

Ochronosis. — Under  conditions  which  are  as  yet  little  understood, 
minute,  iron-free,  gray  or  black  granules  of  pigment  which  may  be  called 


Metabolic  PismentAtion. 

melanotic  are  deposited  especially  in  cartilage  but  also  in  other  con- 
nective tissues.  Melanuria  may  accompany  this  form  of  tissue  pig- 
mentation.    This  condition  has  been  called  ochronosis.^ 

Metabolic    Pigment. — ^Pigments    called    melanins,    and    probably 
derived  from  albumins,  may  be  elaborated  by  various  forms  of  cells. 


by  processes  apparently  somewhat  analogous  with  those  concerned  in 
normal  pigmentation.'  This  is  exemplified  in  melanotic  tumors  (Fig. 
34),  most  frequently  of  the  choroid  and  the  skin,  and  possibly  in  the 
bronze  skin  of  Addison's  disease. 

Pigment  whose  nature  is  not  very  clearly  defined  may  form  in  the 
smooth  muscle  tissue  of  the  gastro-intestinal  walls,  in  various  cachexia, 

■  For  s  study  of  ocbnnuxa  ae»  Pifit.  Bert.  kUn.  Woch.,  1906,  pp.  478.  509,  556.  5fll. 

'  For  %  atudy  of  the  Datura  of  akin  pigmcnl  FOBSult  Abel  and  Davii,  Journal  of  Eip«rimeDtal 
Madieiuc.  vol.  i..  p.  361,  ISM;  abo  Chiltendm  nxd  Albm,  Amerioui  Journal  of  PbyBiology.  vol.  ii..  p. 
291  1S09.     Abo  Mann,  "Chematry  of  the  ProteidB."  1906,  p.  580. 
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in  the  heart  muscle,  in  the  so-called  "brown  atrophy,"  and,  under  certain 
conditions,  in  the  liver. 

Extraneous  Pigment. — As  examples  of  pigment  introduced  into 
the  body  from  without,  we  may  mention  the  deposition  of  minute  par- 
ticles of  silver  from  the  internal  use  of  silver  salts — argyria;  the  coloring 
of  the  skin  and  lymph  glands  from  tattooing;  and  especially  the  pig- 
mentation of  the  lungs  and  bronchial  glands  from  the  inhalation  of 
coal  and  other  dust — pneumonokoniosis  (Fig.  35).  This  is  universally 
present  under  the  conditions  of  indoor  life  which  modern  civilization 
imposes.  Such  pigment  may  be  brown  or  black,  and  is  usually  in  very 
small  particles  within  cells  or  in  the  intercellular  stroma. 

Necrosis. 

Necrosis  is  the  death  of  a  circumscribed  portion  of  tissue  in  the 
living  body.  It  may  be  the  result  of  insufficient  nutrition  from  cutting 
off  the  blood  supply,  as  by  embolism,  thrombosis,  ligature,  pressure,  etc., 
or  it  may  depend  upon  the  action  of  destructive  chemical  agents,  ex- 
treme degrees  of  temperature,  the  Roentgen  rays  and  radium.  It  may 
be  due  to  bacterial  toxins  or  to  toxins  formed  by  the  animal  tissues; 
to  nerve  lesions  leading  to  trophic  disturbances;  or  to  mechanical  injury. 

Defective  nutrition  of  the  body  in  various  acute  and  chronic  diseases 
disposes  the  individual  to  local  necrosis  when  subjected  to  any  of  the 
direct  agencies  just  enumerated.  The  general  appearance  of  dead 
tissue  varies  greatly.  In  some  cases  there  is  a  simple  and  gradual  dis- 
integration and  softening  of  the  tissue,  resulting  in  a  mass  of  degenerated 
cells  and  cell  detritus,  with  more  or  less  fluid  and  various  chemical 
substances  arising  from  decomposition.  The  softening  of  the  brain  in 
embolism  is  an  example  of  simple  necrotic  softening — liquefaction 
necrosis.  In  some  cases  the  dead  tissues  merely  dry  and  shrivel  grad- 
ually and  become  hard  and  dark-colored. 

In  another  class  of  cases  the  dead  tissues  are  permeated  by  fluids 
which  may  be  dark  red  in  color,  from  the  solution  of  coloring  matter 
from  the  blood,  and  may  contain  bacteria  which  induce  putrefaction, 
with  the  production  of  gases  and  various  new  chemical  substances.  The 
tissues  become  swollen  and  granular,  and  disintegrate;  and  finally  the 
whole  may  form  a  mass  of  irregular  granules,  with  fat  droplets,  tyrosin, 
leucin,  and  various  forms  of  crystals,  shreds  of  the  more  resistant  kinds 
of  tissue,  and  bacteria. 

The  death  of  cells  is  marked  by  cessation  of  function  and  by  certain 
morphological  and  chemical  alterations  of  the  body  and  the  nucleus. 
As  a  rule  the  highly  specialized  cells,  such  as  the  functional  cells  of  the 
brain,  liver,  and  kidney,  are  most  vulnerable  in  the  presence  of  harmful 
conditions. 

There  is  at  first  no  evident  morphological  difference  between  dead 
cells  and  living  cells.  But  very  soon  in  the  former,  changes  occur.  The 
cytoplasm  may  swell  and  become  homogeneous  from  imbibition  of  fluids; 
or,  on  the  other  hand,  it  may  become  more  coarsely  granular.     The 
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nucleus  stains  less  deeply  or  not  at  all  with  hjematoxylin  or  other  nuclear 
dyes  (Fig.  36),  owing  to  the  disappearance  of  the  chromatin  which 
seems  to  dissolve  in  the  tissue  juices;  this  is  called  karyolyais.  Some- 
times, however,  the  chromatin  does  not  dissolve,  or  only  partially  dis- 


appears, the  remainder  breaking  up  into  irregular,  more  or  less  deeply 
staining  granules.  This  is  called  karyorrhexis.  The  nuclei  of  cells 
which  are  undergoing  regressive  processes  or  dying  may  become  smaller 
and  denser  than  normal  and  stain  more  deeply;  this  is  called  -pycnosis. 


Fio.  37.— GANaHBNB  or  THt  Foot. 

A  duip  line  9Bp»ret«i  the  dud  and  ■BDireaaua  ponkm  of  Ibe  fool  from  Ihe  living  tiuuea  about  tbc 

posterior  (mrt  and  the  ankle. 

Presently  the  cell  body  may  contain  fat  droplets,  or  without  this  it  may 
disintegrate. 

Gangrene. — When  death  of  a  considerable  mass  of  tissue  occurs,  and 
this  either  dries,  as  is  possible  on  the  surface  of  the  body,  or  is  associated 
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witb  putrefaction  in  the  tissue,  the  condition  is  called  gangrene.  The 
involved  part,  when  on  the  surface  of  the  body,  may  dry  and  become 
hard  and  brown  or  black — mummification,  or  dry  gangrene^  (Fig-  37), 
On  the  other  hand  it  may,  when  putrefactive  bacteria  are  present,  in 
addition  to  its  discoloration,  become  soft  and  infiltrated  with  foul- 
smelling  gases — moist  gangrene.  If  the  affected  part  be  comparatively 
bloodless,  the  discoloration,  which  is  largely  due  to  decomposition  of  the 
blood  pigment,  may  be  absent.' 

Focal  Nechosis. — Necrosis  involving  a  small  circumscribed  area  of 
tissue,  such  as  is  frequent  in  toxssmia,  is  called /ocai  necrosis,  p.  203. 

Ulceration. — Necrosis  with  erosion  involving  the  surface  of  the 
skin  or  of  the  mucous  or  serous  membranes  is  called  an  ulcer.  An  ulcer 
may  be  necrotic  in  origin,  from  the  cutting  oil  of  nutrition  in  a  circum- 
scribed area,  as  in  some  forms  of  gastric  ulcer.  This  may  be  associated 
with  reactive  inflammatory  processes  which  tend  to  promote  repair.  On 
the  other  hand,  the  process  may  be  inflammatory  in  origin,  death  of 
tissue  following. 

Coagulation  Necrosis. — If  dead  areas  of  tissue  (whether  this  con- 
dition be  due  to  mechanical  injury,  to  disturbances  of  nutrition,  or  to 
the  local  action  of  bacterial  orother  poisons) 
contain  the  substances  necessary  for  the 
coagulation  of  their  albuminous  constitu- 
ents, or  if  they  be  bathed  with  body  fluids 
from  adjacent  parts  in  which  the  circula- 
tion is  maintained,  a  characteristic  coagu- 
lation of  the  necrotic  elements  is  apt  to 
occur.  The  composition  of  the  cells  of  the 
tissue  is  altered,  so  that  the  cell  bodies  are 
shining  and  translucent,  sometimes  altered 
in  shape;  while  the  chromatin  and  finally 
the  nuclei  of  the  cell  disappear  (Fig.  38). 
The  white  infarctions  of  the  spleen  and 
kidneys,  the  areas  of  coagulation  necrosis 
in  tuberculosis,  and  the  pellicle  in  croupous 
inflammation  of  the  mucous  membranes  are 
the  most  common  examples  of  this  lesion. 
Flo.  as.— Co*ool*™n  NicBOBis  jf^  fpp  example,  in  the  spleen,  one  of  the 

ThediMppeomaMof  tbechimnaiin  small  artcrlcs  is  plugged  by  an  embolus,  a 
sna,  the  nuclei  is  indiiated  '■J' *J«.'f  corresponding  portion  of  the  spleen  be- 
tbe  upper  ceiia.'  comes    snsemic    and    appears  as  a  white, 

wedge-shaped  mass,  sharply  defined  from 
the  surrounding  splenic  tissue.  If  such  a  white  infarction  has  existed 
but  a  short  time,  there  is  hardly  any  difference  between  the  appearance 
of  its  anatomical  elements  and  those  of  the  surrounding  spleen,  except 
that  they  are  differently  affected  by  staining-fiuids.  If  the  infarction 
is  older,  the  cells  are  small  and  shiny  and  their  nuclei  cannot  be  seen. 
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In  croupous  inflammationB  of  mucous  membranes  the  epithelial  cells 
become  shiny,  the  nuclei  disappear,  and  the  shape  of  the  cells  is  changed 
by  the  coagulation  necrosis,  so  that  a  number  of  them  together  often  look 
like  a  network  of  coagulated  fibrin. 

Cheesy  DegeTieralion  (Caseation). — As  commonly  used,  this  term 
embraces  the  changes  in  the  tissues  which  we  have  just  considered  under 
the  more  appropriate  name  of 
coagulation  necrosis.  But  it  is 
also  applied  to  that  form  of  degen- 
eration in  which,  under  a  variety 
of  conditions,  the  dead  tissue  ele- 
ments lose  their  normal  structural 
features  and  become  converted  into 
an  irregularly  granular  albuminous 
and  fatty  material  (Figs.  39  and 
40),  which  sometimes  tends  to  dis- 
integrate and  soften,  sometimes 
dries  and  becomes  dense  and  firm, 
or    may   become   infiltrated   with 

salts  of  calcium.     Thus  cheesy  de-  f,q  3»._co*an[.ATioH  nbcbosm. 

generation    may,   and   very  often  '"  tubercuioua  t»ue. 

does,  occur  in  tissues  which  are  in 

the  condition  of  coagulation  necrosis;  but  it  also  occurs  in  tissues  which 
are  not  the  seat  of  coagulation  necrosis,  but  which,  for  a  variety  of 
reasons  and  in  a  variety  of  ways,  have  lost  their  vitality. 

The  terms  "coagulation  necrosis"  and   "cheesy   degeneration,"  as 

commonly  used,  in  part  actually  cover  the  same  degenerative  conditions 

in  the  tissues.     Both  are  indefinite,  and  will  no  doubt  remain  so  until 

we  gain  a  more  precise  knowledge 

of  the  conditions  under  which  they 

occur. 

Fat  Necrosis. — This  is  a  de- 
generative process  most  frequent 
in  the  subperitoneal  fat  and  in  and 
about  the  pancreas,  and  especially 
associated  with  lesion  of  that 
organ.  We  refer  for  details  to  the 
special  section,  p.  704. 

The  Disposal  of  Necrotic  Tissues. 
FiQ.  40.— An  Asia  OP  Cbeest  DBaBHERATioN  — Necrotic   tissues   may   be   sepa- 
(Cu^nos)  i»  *  uiuiKT  TuBBBcui  iH  TH.   r^ted  from  the  living  body  by  in- 
flammatory processes   and  wholly 
cast  off,  as  in    gangrene  of  a  limb,  or  in  bone,  the  dead  portion  here 
being  called  a  sequestrum. 

Fragments  of  dead  cells  and  tissues  in  the  living  body  are  in  part 
disposed  of  by  leucocytes  or  other  mesoblastic  cells  which  may  be 
attracted  to  them,  and  may  cause  their  solution  by  proteolytic  enzymes 
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which  are  set  free  or  by  the  incorporation  of  particles  of  the  dead  tissue 
into  their  bodies  where  they  are  destroyed/ 

Furthermore,  the  absorption  of  necrotic  tissues  is  in  part  due  to 
proteolytic  enzymes  furnished  by  the  dead  and  degenerating  cells  them- 
selves. The  self-destruction  of  tissues  in  the  ways  indicated  is  called 
autolysis  (see  p.  106).  To  what  extent  the  lytic  substances  through 
which  dead  tissues  are  softened  may  be  derived  directly  from  the  blood 
plasma  is  not  yet  clear.  At  any  rate,  through  chemotaxis,  phagocytosis, 
and  autolysis  considerable  masses  of  necrotic  tissue  may  be  finally  re- 
moved.^ Dead  bone  is  dissolved  and  disposed  of  by  special  forms  of 
cells  called  osteoclasts  (see  p.  103). 

Recent  studies  relating  to  the  adaptation  of  the  body  to  various  alien 
substances  have  led  to  new  conceptions  of  the  nature  of  the  processes  by 
which  the  body  frees  itself  of  useless  or  harmful  material  either  devel- 
oped within  it  or  introduced  from  without.  For  a  fuller  consideration 
of  these  processes  see  cytolysis,  p.  171. 

1  See  Phagoc3rtes,  p.  98. 

>  Wella,  Jour.  Med.  Res.,  vol.  zv    p.  149.  1906. 


CHAPTER  IV. 

PROGRESSIVE  TISSUE  CHANGES. 

Hypertrophy  and  Hyperplasia. 

Hypertrophy. — Under  a  variety  of  conditions,  cells,  larger  parts  of 
the  body,  or  organs  become  larger  than  normal.  The  structural  change 
to  which  this  enlargement  is  due  may  be  a  simple  increase  in  size  of  the 
elementary  structures  of  the  part,  the  cells.  This  is  called  simple  hyper- 
trophy. It  is  usually  associated  with  some  increased  functional  demand 
upon  the  cells  and  an  increase  in  their  functional  capacity j  as,  for  exam- 
ple, in  the  hypertrophy  of  the  heart  with  lesions  of  the  valves,  or  in  the 
hypertrophy  of  one  kidney,  which  in  case  of  diminution  or  suspension  of 
function  in  the  other  assumes  the  work  of  both — compensatory  hyper- 
trophy,^ 

Pathological  hypertrophy  in  response  to  functional  demand — func- 
tional hypertropy — has  its  physiological  prototype  in  the  changes  in  the 
uterus  and  in  the  mammary  gland  during  pregnancy. 

It  should  be  borne  in  mind  that  the  simple  enlargement  of  a  part  or 
organ  does  not  necessarily  involve  the  hypertrophy  of  any  of  its  structural 
elements.  Thus  there  may  be  an  increase  of  fat  in  a  muscle  causing 
its  enlargement;  waxy  degeneration  of  the  liver  may  determine  great 
increase  in  the  size  of  this  organ.  It  is  well  to  limit  one's  conception 
of  h3rpertrophy  to  enlargement  of  specific  structural  elements  of  a  part 
with  maintenance  or  increase  of  functional  capacity,  and  to  consider 
other  instances  of  enlargement,  such  as  those  just  cited,  as  examples  of 
pseudo-hypertrophy. 

Hyperplasia. — In  many  cases  the  increase  in  size  of  a  part  or 
organ  is  due  not  only,  or  not  at  all,  to  the  increase  in  size  of  its  element- 
ary structures,  but  to  an  increase  in  their  number.  This  increase  in 
number  of  the  structural  elements  of  a  tissue  or  organ  is  called  numer- 
ical hypertrophy,  or  hyperplasia.^ 

Hyperplasia  of  connective  tissue  is  of  frequent  occurrence  in  associa- 
tion with  atrophy  of  the  parenchyma  of  various  organs,  replacing  the 
damaged  cells  as  these  diminish  or  disappear.  This  is  called  replace- 
ment hyperplasia. 

Hypertrophy  and  Hyperplasia  in  Special  Organs. — In  hypertrophy  of 
the  heart  associated  with  the  increased  amount  of  work  which  it  has  to 
do  in  maintaining  the  circulation  in  various  forms  of  valvular  lesion, 

1  For  bibliography  of  compenaatory  hypertrophy  see  reference  to  Aachoff,  p.  79. 
*  Consult  for  examples  of  hsrperplasia  and  hypertrophy  the  following  sections  on  Regeneration  and 
Inflammation. 
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pulmonary  and  vascular  obstruction,  or  excessive  bodily  strain;*  in 
hypertrophy  of  the  unstriated  muscle  such  as  may  occur  in  the  bladder 
in  urethral  stricture,  calculi,  etc.,  in  the  stomach  in  pyloric  stenosis,  in 
the  arteries  in  chronic  diffuse  nephritis;  as  well  as  in  the  voluntary- 
muscle  hypertrophy  from  athletic  exercises,  etc.,  the  individual  muscle 
cells  and  fibers  are  increased  in  length  and  in  thickness. 

In  hypertrophy  of  one  kidney  from  the  loss  of  the  other  or  part  of 
its  own  substance  by  operation  or  lesion,  there  is  enlargement  of  the 
epithelium,  especially  of  the  convoluted  tubules  and  of  the  glomerular 
epithelium  covering  the  tuft,  the  latter  being  also  enlarged.  Changes  in 
the  collecting  tubes  and  in  the  interstitial  tissue  are  less  marked  even  in 
kidneys  which  are  greatly  increased  in  size. 

Compensatory  hypertrophy  of  the  liver  following  destruction  of 
part  of  the  parenchyma  seems  to  be  largely  due  to  the  new-formed 
iver  cells,  and  to  hyperplasia  of  the  interstitial  tissue,  but  the  hyper- 
rophy  of  the  old  cells  occurs. 

Compensatory  hypertrophy  of  the  thyroid  and  adrenals  has  been 
experimentally  induced.  Hypertrophy  of  one  testicle  occurs  after  the 
removal  of  the  other,  and  the  same  is  true  of  the  mammary  gland.  Com- 
pensatory hypertrophy  of  the  ovaries  has  not  been  observed. 

After  destructive  injury  to  the  sjAeen  its  fimction  may  be  in  a 
measure  assumed  by  the  bone  marrow  and  lymphatic  tissue  which 
undergo  compensatory  hypertrophy. 

In  most  of  these  conditions  hyperplasia  of  the  interstitial  tissue  is 
associated  with  the  hypertrophy  of  the  specific  parenchyma  cells  whose 
response  to  increased  functional  demands  is  marked  by  simple  hyper- 
trophy. 

Metaplasia. 

In  the  development  of  the  body  there  is  a  constant  and  progressive 
differentiation  of  cells.  When  development  is  complete  a  certain  speci- 
ficity exists,  marked  by  functional  and  structural  characters.  These 
specific  characters  in  cells  are  fairly  permanent  under  normal  conditions. 
Under  a  variety  of  abnormal  conditions,  however,  they  may  undergo 
modification  so  that  one  type  of  cell  or  tissue  may  assume  more  or 
less  completely  the  characters  of  another  type.  But  the  limitations 
of  this  change  in  type  are  strictly  drawn,  so  that  one  type  can  assume 
only  the  characters  of  another  which  is  closely  related  to  it.  This 
change  of  one  form  of  closely  related  tissue  into  another  is  called  meta- 
plasia. 

Thus,  by  a  gradual  change  in  the  cells  and  stroma  of  fibrous  tissue, 
this  may  be  converted  into  bone,  as  mucous  tissue  may  become  fat  tissue, 
and  hyaline  cartilage  become  fibrous.  Metaplasia  is  a  process  involving 
active  changes  on  the  part  of  the  living  cells  of  the  tissue,  and  should  be 
clearly  distinguished  from  certain  degenerative  and  infiltrative  processes, 
in  the  course  of  which  one  form  of  connective  tissue  may  assume  super- 

^  For  conditions  of  cardiac  hypertrophy  see  p.  550.  For  a  fuller  consideration  of  the  phases  and 
conditions  of  hypertrophy  see  Adami  "Principles  of  Pathology',"  i,  p.  535. 
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ficial  resemblances  to  others  of  the  group,  as  in  calcareous  and  mucoid 
degeneration. 

The  infiltration  of  the  cells  of  fibrillar  connective  tissue  with  fat, 
and  the  reverse  process  in  which  the  fat  is  lost,  as  in  atrophy  and  emacia- 
tion, are  not,  strictly  speaking,  examples  of  metaplasia. 

While  metaplasia  is  most  common  among  the  members  of  the  con- 
nective-tissue group,  it  sometimes  occurs  in  other  tissues.  Thus,  for 
example,  the  epithelium  of  the  nose,  bronchi,  urinary  passages,  cervix 
uteri,  and  gall-bladder  may  under  a  variety  of  conditions  assume  the 
characters  of  squamous  epithelium  of  the  skin  type.^ 

One  should  be  critical  in  estimating  the  value  of  evidences  of  meta- 
plasia, which  has  apparently  been  assumed  to  occur  more  frequently 
than  the  facts  justify.  For  example,  many  instances  of  alleged  meta- 
plasia can  be  equally  well  accounted  for  on  the  assumption  of  defects 
of  development  in  which  a  certain  portion  of  tissue  has  failed  to  com- 
plete its  differentiation,  thus  remaining  in  form  and  in  situations  which 
simulate  the  results  of  metaplasia.  Or,  cells  of  the  differing  types  may 
have  grown  into  the  region  from  adjacent  parts. 

When,  differentiation  has  advanced  so  that  such  distinct  types  of 
tissue  have  been  formed  as  connective  tissue,  epithelium,  muscle,  nerve, 
these  do  not  again  merge  through  metaplasia.  There  is  no  evidence 
that  mesoblastic  tissues  can  be  converted  into  those  of  the  epiblastic  or 
hypoblastic  type  or  vice  versa. 

Reversion. 

Under  various  conditions,  but  especially  when  highly  differentiated 
cells  have  been  thrown  out  of  function  often  as  the  result  of  inflammatory 
processes,  they  appear  to  assume  the  morphological  characters  which 
belong  to  an  early  stage  in  their  development.  This  is  called  reversion, 
reversionary  metamorphosis  or  kataplasia.  Thus  the  flat  epithelium  of  the 
air  vesicles  of  the  lungs  or  the  cylindrical  epithelium  lining  the  bronchi 
or  the  stomach  may  become  cuboidal.  In  the  kidney  the  epithelium  of 
the  glomeruli  and  also  of  the  convoluted  tubules  may  become  cuboidal. 
So  in  chronic  peritonitis  the  endothelium  may  become  greatly  thickened. 
Muscle  fibres  and  connective-tissue  cells  may  assume  for  a  longer  or 
shorter  period  distinctly  embryonic  forms.  But  here,  as  in  metaplasia, 
one  should  accept  the  morphological  evidence  of  reversion  with  due 
reserve,  since  in  many  instances  the  cells  in  question  of  the  lower  type 
may  be  the  results  of  a  reparative  process  not  yet  complete,  and  may 
have  been  derived  from  newly-formed  cells.  ^  Furthermore  the  shape  of 
cells  in  general  is  so  closely  dependent  upon  nutrition,  pressure,  and 
mutual  relationship  that  even  slight  departures  from  these  may  lead  to 
changes  in  form  quite  as  marked  but  not  of  such  significance  as  those  in- 
volved in  reversion. 

^For  references  to  epithelial  metaplasia  see  Mendrier  in  Bouchard's  "Traits  de  path,  g^n.,"  t. 
in.,  pt.  2,  p.  784.  See  also  for  a  discussion  of  metaplasia  Ribbert's  "Lehrbuch  d.  allg.  Pathologic," 
2d  edition.  1905.  p.  323,  and  "Geschwulstlehre,"  1914.  Also  Adami,  "Principles  of  Pathology,  vol.  i. 
p.  586. 

*  See  RibberCa  "  Geschwulstlehrc,"  p.  16,  1914.  Also  for  general  review  of  reversion  and  growth 
in  tissues  see  Adami  "  A.  Jacobi  Festschrift."  1900,  p.  422,  and  in  his  Pathology,  i  p.  810. 
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Regeneration. 

General  Considerations. — It  is  during  the  earlier  periods  of  life  that 
the  new  formation  of  cells  in  the  body  is  most  active.  From  the  fertil- 
ization of  the  ovum  until  the  tissues  and  organs  have  assumed  the  varied 
forms  and  functions  which  the  physiological  division  of  labor  among  the 
cells  imposes,  cell  proliferation  and  cell  adaptation  to  a  changing  envi- 
ronment are  constant  and  important  features  of  individual  development. 
After  this  time,  under  normal  conditions,  new  cell  formation  is  largely 
limited  to  the  replacement  of  worn-out  cells  or  to  the  restitution  of 
such  cells  as  may  be  sacrificed  in  the  performance  of  their  physiological 
functions. 

The  studies  of  Bizzozero  have  shown  that,  notwithstanding  the  great  diversity  in 
the  capacity  for  physiological  regeneration  among  tissues,  they  may  be  conveniently 
grouped  into  three  classes,  as  follows:  First,  tissues  whose  cells  are  capable  of  multipli- 
cation throughout  the  life  of  the  individual  or  for  a  considerable  period  after  maturity, 
and  so  lead  to  a  continual  regeneration.  These  are  tissues  whose  cells  are  labile  and 
evanescent.  In  this  class  are  the  parenchyma  cells  of  those  glands  or  structures  which 
produce  formed  elements,  such  as  the  spleen,  lymph-nodes,  bone-marrow,  ovary,  testi- 
cle. Also  the  epithelimn  of  the  skin  with  its  hair  follicles  and  sebaceous  glands,  and  of 
the  mucous  membranes  of  the  respiratory,  digestive,  and  genito-urinary  organs.  Sec- 
ond, tissues  whose  elements  increase  by  division  up  to  the  time  of  birth,  or  sometimes 
for  a  short  period  thereafter,  when  evidence  of  physiological  regeneration  ceases. 
These  are  tissues  with  permanent  cells.  In  this  class  are  the  parenchyma  cells  of  those 
glands  which  secrete  fluid  material,  such  as  the  liver,  kidney,  pancreas,  salivary  glands, 
etc.  Also  members  of  the  connective-tissue  group,  fibrous  tissue,  cartilage  and  bone, 
and  the  smooth  muscle  fibres.  Third,  striated  muscle  and  nerve  tissue.  In  these 
tissues,  division  by  mitosis  ceases  at  an  early  period  and  before  the  tissues  have  ac- 
quired their  special  characters.     Here  extensive  regeneration  does  not  occur. 

This  grouping  of  tissues  in  accordance  with  their  capacity  for  physiological  regen- 
eration, while  liable  to  modification  under  further  research,  affords  a  suggestive  guide 
in  our  studies  of  regeneration  under  abnormal  conditions.  For  beyond  the  regenera- 
tive capacity  normally  exercised  by  cells  in  response  to  the  physiological  wear  and 
tear  of  life,  they  are  frequently  called  upon  to  make  good  unusual  losses,  as  the  result 
of  many  forms  of  injury. 

Regeneration  of  injured  tissues,  all  new  growths,  as  well  as  the 
hyperplasias  above  mentioned,  are  invariably  brought  about  by  prolifer- 
ation or  other  changes  in  living  cells.  Furthermore,  just  as  the  cells  of 
the  adult  organism  are  the  offspring  of  one  original  cell,  the  ovum,  so 
are  all  the  new  cells  which  appear  in  the  body  under  abnormal  condi- 
tions derived  from  pre-existing  cells  by  division. 

We  shall  now  briefly  summarize  the  morphological  changes  which 
cells  undergo  in  division  and  shall  then  indicate  the  degree  of  regener- 
ative capacity  which  various  forms  of  tissues  possess. 


MODES  OF  CELL  DIVISION. 

The  careful  and  minute  study  of  cells  during  the  act  of  division, 
which  has  been  recently  made,  has  revealed  many  most  curious  phe- 
nomena and  has  opened  a  new  world  of  observation  nearer  to  the  elemen- 
tary expression  of  life  than  has  seemed  possible  in  earlier  times.     It  will 
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suffice  for  our  purpose  briefly  to  indicate  some  of  the  more  striking  feat- 
ures of  the  new  cell  lore. 

It  is  well  to  recall  at  the  outset  that  recent  studies  of  cells  have 
shown  that  even  in  their  simplest  forms  they  are  highly  organized,  and 
that  their  different  parts  have  special  functions  to  perform.  Thus  the 
nucleus  presides  over  the  constructive  metabolism  or  assimilative  proc- 
ess of  the  cell  and  furnishes  the  physical  basis  upon  which  the  trans- 
mission of  hereditary  characters  depends.  The  cytoplasm  of  the  body, 
on  the  other  hand,  is  concerned  in  those  phases  of  metabolism  which 
result  in  the  liberation  of  energy  in  movements  of  various  kinds  and  in 
the  formation  of  new  chemical  substances.  The  centrosome  also  in 
certain  cells,  though  not  apparently  in  all,  appears  to  play  an  important 
part  in  the  changes  incident  to  division. 

Two  modes  of  cell  division  are  commonly  recognized.  First,  indirect 
division  (mitosis,  or  karyokinesis) ;  second,  direct  division  (amitosis). 

Indirect  (Mitotic)  Cell  Division. 

This  is  the  most  common  mode  of  cell  division  and  is  especially  char- 
acteristic of  embryonic  cells  and  those  which  are  undergoing  active  de- 
velopment. While  it  presents  great  variations,  its  general  features  may 
be  thus  briefly  summarized: 

Among  the  earlier  changes  which  are  to  be  seen  in  a  cell  about  to 
divide  by  mitosis  are  a  condensation  and  an  increase  in  the  staining  capac- 
ity of  the  chromatin  of  the  intranuclear  network.  This  chromatin  sub- 
stance gathers  into  a  contorted  thread  or  threads,  called  the  spiremes 
(Fig.  41,  2),  within  the  nucleus,  whose  membrane  with  the  nucleolus 
gradually  disappears  so  that  the  spireme  lies  free  in  the  cytoplasm;  and 
at  the  same  time  with,  or  preceding,  these  changes  in  the  nucleus,  there 
may  be  a  division  of  the  centrosome  when  this  is  present,  the  segments 
resulting  from  this  division  passing  to  opposite  parts  of  the  cell,  usually 
outside  the  limits  of  the  nucleus.  Around  each  of  the  new  centrosomes, 
which  stain  deeply  with  haematoxylin  or  other  nuclear  dyes,  may  be  a 
clear  zone  of  unstained  material,  or  a  series  of  fine  radiating  fibrils,  or 
both;  the  whole  forming  a  structure  called  a  polar  body  (Fig.  41,  2  and  3). 

Now  the  threads  of  the  spireme  break  across  transversely,  forming  a 
series  of  more  or  less  rod-like  bodies  called  chromosomes ^  which  form  a 
somewhat  flattened  cluster  or  wreath  between  the  polar  bodies,  lying  in  a 
plane  at  a  right  angle  to  a  line  passing  between  the  latter.^  While  this 
mass  of  chromosomes — sometimes  called  the  monaster — has  a  stellar  or 
wreath-like  appearance  when  seen  from  the  side,  it  is  more  band-like 
when  viewed  in  profile  (Fig.  41,  3  and  4). 

Between  the  polar  bodies  and  across  the  monaster  there  may  now  be 
stretched  a  bridge  or  spindle  of  delicate  fibrils  resembling  those  about  the 
centrosome  in  the  polar  bodies. 

^  It  is  believed  that  every  species  has  a  fixed  and  characteristic  number  of  chromosomes  in  the 
dividing  cells,  and  that  in  forms  arising  by  sexual  reproduction  this  number  is  even.  In  man  the  num- 
ber is  believed  by  some  to  be  16,  by  others  32. 

5 
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This  fibril-spindle,  together  with  the  polar  bodies,  is  called  the  achro- 
matic figure  in  distinction  to  the  structure  formed  from  the  chromatin, 
which  stains  with  nuclear  dyes,  and  is  called  the  chromatic  figure. 

The  whole  complicated  structure  composed  of  both  the  chromatic 
and  achromatic  substance  constitutes  the  mitotic  figure. 

Now  each  chromosome  splits  lengthwise  into  exactly  equal  parts. 
These  parts  separate  into  groups  which  pass  to  the  polar  bodies  at  op- 
posite ends  of  the  spindle.  This  is  sometimes  called  the  diaster  phase  of 
mitosis  (Fig.  41,  5  and  6). 

Corresponding  to  the  division  of  the  chromosomes  into  equal  parts, 
the  cell  body  divides,  each  part  containing  one  of  the  groups  of  daugh- 
ter chromosomes  or  diasters,  together  with  one  polar  body  aad  a  part 
of  the  achromatic  spindle  (Fig.  41,  6),     Now  a  new  nucleus  is  formed 


y 


about  the  daughter  chromosomes  which  gradually  assume  the  characters 
of  the  resting  intranuclear  network  (Fig.  41,  7).  The  achromatic  fibrils 
disappear  from  the  new  cell,  while  the  centrosome  may  also  disappear  or 
may  take  its  place  in  the  cytoplasm  beside  the  new  nucleus. 

There  are  countless  variations  and  details  in  the  minute  processes  of 
mitotic  cell  division  and  much  interesting  conjecture  as  to  the  meaning 
of  the  various  changes  in  mitosis,  which  the  scope  of  this  work  does  not 
permit  us  to  consider.  But  the  facts  already  at  hand  are  of  extreme 
significance  to  the  biologist  and  point  toward  large  fields  of  research  in 
pathology  when  the  normal  processes  shall  have  been  more  clearly  and 
exhaustively  determined. 

Abnormal  phases  of  mitosis  are  not  infrequent.     Thus,  the  mitotic  fig- 
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urea  may  be  asymmetrical,  so  that  the  distribution  of  chromatin  sub- 
stance to  the  daughter  cells  may  be  unequal  (Fig.  42).  There  may  be 
multipolar  mitosis,  so  that,  instead  of  two,  several  nuclei  may  form.  Or, 
the  new-formed  chromosome  masses  may  fail  to  share  in  the  formation  of 
the  new  nuclei. 

Such   abnormal  mitoses  are 
frequent  in  certain  tumors,  and 

they  may  be  experimentally  in-  '■^-  ' ' '-'^T'SV 

duced    by    the    application    of  j  ^^'-■'^^'Siu^ 

various  chemical  substances  to  ''^^^^^^^ 

living  cells.     Too  little  is  known  "'*iSv^,,-  ~-^ 

about  the  conditions  under  which 
abnormal  mitoses  occur,  and  too       ,  ^'°,  *^:Z^^''°Tt  ^'""^  "',  "T";  • 

I'^ii  L       ^    ^L  .  t    .L  In  both  eells  the  mitMb  B  Bsynunetncftl,  and  in 

Utile  about  tne  nature  of  the  the  ceii  to  Uie  kf t  uipoinr. 

impulse  to  cell  division  in  gen- 
eral, to  justify  to-day  far-reaching  conclusions  as  to  the  significance  of 
these  interesting  abnormalities  in  the  life  of  the  cell. 

The  Significance  of  Mitosis. — The  terra  mitosis  or  karyomitoais  is 
applied  to  this  indirect  mode  of  cell  division,  on  account  of  the  involve- 
ment of  the  nuclear  threads.  It  is  also  sometimes  designated  as  karyo- 
kinesis,  from  the  form  changes  which  these  threads  undergo.  Aside 
from  its  intrinsic  biological  interest,  a  knowledge  of  mitosis  in  proliferat- 
ing cells  is  of  importance  in  pathology,  because  the  recognition  of  mitotic 
figures  often  enables  us  to  decide  with  certainty  what  particular  cells  or 
cell  groups  are  involved  in  the  formation  of  new  tissue.  The  most  sig- 
nificant feature,  however,  of  the  whole  process  of  mitosis,  with  all  its  in- 
tricate variations,  appears  to  be  that  the  chromosomes,  during  their 
separation  into  two  or  more  clusters  to  form  the  basis  of  new  celb,  undergo 
an  exact  longitudinal  division.  So  that,  under  normal  conditions,  no  mat- 
ter how  unequal  the  division  of  the  cytoplasm  may  be,  all  of  the  new  nuclei 
share  alike  in  the  chromatin  substance  of  the  parent  nucleus.  This  fact 
appears  to  be  of  extreme  importance  in  the  recognition  of  a  physical  basis 
of  inheritance.' 

Direct  (Amitotic)  Cell  Division. 

In  this,  which  although  relatively  rare,  appears  to  be  the  most  simple 
mode  of  cell  division,  without  those  preliminary  changes  in  the  nucleus 
which  are  seen  in  the  mitotic  cell  division,  the  nucleus  with  its  membrane 
becomes  constricted  and  finally  divides  into  two  or  more  parts  which  be- 
come new  nuclei.  At  the  same  time  or  following  this  simple  nuclear 
division  the  cell  body  divides,  and  thus  two  or  more  cells  may  form  in 
the  place  of  one.  If  the  nuclear  division  is  not  followed  by  that  of  the 
cell  body,  multinuclear  cells,  or  "  giant  cells,"  may  be  formed. 

I  Sm  Buiiiiiury  by  Vilmm.  Science,  Feb.  24.  leOS.  For  a  rttumi  ol  phyeiotOEi'  end  pslhalocy  oE 
tbeDucleiuKeAdomi,  Brit.  Med.  Jour.,  Dec  22,  1006,  p.  1700.  Alao  Adami-Ptioaplaot  Patbology." 
ToL  L    See  abo  in  thU  connectian  Bovrri,  Eutstehunc  Malicner  Tumoreu,  Jena.  1014. 
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The  significance  of  the  difference  between  the  amitotic  and  the  mitotic 
cell  division  is  that,  while  in  the  former  there  is  an  exactly  even  division 
of  chromatin  to  the  daughter  nuclei,  the  division  in  the  latter  is  of  the 
nuclear  mass  as  a  whole. 

Amitotic,  as  well  as  mitotic,  division  occurs  in  leucocytes,  in  some 
forms  of  epithelium,  and  in  pathological  new  formations.  While  the 
nature  of  the  process  is  little  understood,  there  appears  to  be  much 
reason  for  the  belief  that,  in  general,  amitotic  division  is  "characteristic 
of  highly  specialized  or  degenerating  cells  in  which  development  is  ap- 
proaching its  end."^ 

GENERAL  CHARACTERS  AND  LIMITATIONS  OF  CELL  REGENERATION. 

It  should  be  borne  in  mind,  in  studying  the  regeneration  of  various 
kinds  of  cells  and  tissues,  that  the  acquirement  by  certain  cells  of  special 
functional  powers  as  the  result  of  the  physiological  division  of  labor  has 
involved  the  impairment  of  some  of  their  more  primitive  general  capac- 
ities, among  these  that  of  reproduction.  Thus  it  is  that  we  find  in  the 
ganglion  cells  an  almost  total  lack  of  reproductive  capacity;  while  in 
many  of  the  gland  cells  this  is  slight,  in  others  considerable.  In  some  of 
the  less  highly  differentiated  cells  of  the  body,  on  the  other  hand,  as  in 
certain  forms  of  epithelium,  in  blood  cells,  and  in  the  cells  of  the  con- 
nective tissue,  this  primitive  capacity  of  protoplasm  to  form  new  simi- 
lar cells  by  division  is  maintained,  and  may  be  evoked  by  the  changed 
conditions  which  injury  or  loss  involves. 

Although  the  occurrence  of  mitosis  is  the  mark  by  which  we  espe- 
cially recognize  the  regenerative  process  in  cells,  it  should  be  remembered 
that  mitosis  or  some  of  its  phases  may  occur  in  cells,  without  being  fol- 
lowed by  those  further  changes  which  lead  to  new  cells  or  new  tissues.^ 

We  may  also  often  recognize  new-formed  cells  and  tissues  by  differ- 
ences in  the  shape  and  character  of  the  cells  and  the  arrangement  of  the 
tissue  elements,  these  often  approaching  the  embryonic  type  in  form  as 
well  as  in  character  of  development.  Furthermore,  the  atypical  arrange- 
ment often  seen  in  new-formed  cells,  both  in  regard  to  each  other  and  in 
their  association  with  older  tissues,  may  aid  in  the  identification  of  the 
formative  process. 

Individual  cells,  even  after  having  undergone  marked  structural 
changes — as,  for  example,  in  albuminous  degeneration — or  after  a  cer- 
tain degree  of  physical  injury,  may  be  restored  to  a  normal  condition. 

After  destructive  injury  or  loss,  a  full  and  complete  replacement  of 
cells  and  tissues  can  occur  only  as  the  result  of  a  proliferation  of  cells  of 
the  same  type  as  those  to  be  restored.  Thus  a  regeneration  of  epithe- 
ium  occurs  by  proliferation  and  growth  of  epithelial  cells  alone;  regen- 

^  For  a  comprehensive  summary  of  facts  and  theories  concerning  the  cell,  both  in  higher  and  lower 
forms  of  life,  consult  Wilson's  masterly  work,  "The  Cell  in  Development  and  Inheritance." 

<  One  is  often  disappointed  in  seeking  for  mitotic  figures  to  find  so  few  of  them  even  in  rapidly 
growing  tissues.  This  is  due  to  the  fact  that  cell  division  even  when  active  is  not  continuous,  and 
periods  of  rest  may  follow  the  act  of  division.  See  Thoma's  "Text-book  of  General  Pathology,"  English 
Tr.,  vol.  i.,  p.  i8l.  For  a  summary  of  experimental  work  on  this  point  see  Woglom,  Study  of  Experi- 
mental Cancer,  New  York,  1913  (bibl.). 


PROGRESSIVE   TISSUE   CHANGES  69 

eration  of  muscle  by  muscle  cells,  etc.  In  fact,  however,  in  the  higher 
types  of  tissue,  after  considerable  injuries  with  loss  of  substance  or  after 
destructive  pathological  processes,  complete  regeneration  is  not  common. 
This,  as  we  have  seen,  is  because  the  highly  specialized  cells  of  the  body 
are  limited  in  their  capacity  for  reproduction  closely  to  the  domain  of 
physiological  regeneration.  What  we  ordinarily  call  healing  in  exten- 
sive wounds  of  the  more  highly  specialized  tissues  is  usually  a  provi- 
sional makeshift  repair  by  means  of  new-formed  connective  tissue. 

We  have  seen  that  the  regenerative  capacity  in  the  cells  of  the  human 
body  is  most  marked  in  the  less  highly  differentiated  types  of  cells,  and 
that  it  is  above  all  connective  tissues,  blood-vessels,  and  epithelium 
which  most  freely  and  most  completely  undergo  regeneration.  These 
are  relatively  lowly  organized  tissues  and  serve  for  the  maintenance  or 
protection  of  more  highly  specialized  tissues,  and  with  them  regenera- 
tion may  be  complete  with  full  restoration  of  function.^  But  although 
the  more  highly  organized  tissues  in  man  do  not  undergo  after  injury  any 
considerable  regeneration,  they  are,  when  uninjured,  capable,  under  the 
stimulus  of  increased  functional  exercise,  of  compensatory  hypertrophy, 
so  that  the  loss  to  the  organism  of  similar  tissue  is  made  good,  an  ex- 
ample of  which  is  the  structural  hypertrophy  and  increased  performance 
of  one  kidney  after  the  removal  of  the  other.  ^ 

The  capacity  to  regenerate  lost  or  injured  parts  exists  to  a  certain  ex- 
tent in  all  animals  but  is  most  marked  among  the  lower  forms.  Thus  if 
an  amoeba  be  cut  in  two  so  as  to  leave  one  part  with  the  intact  nucleus, 
this  part  lives  and  the  one-celled  organism  is  completely  restored.  The 
fresh-water  hydra,  composed  of  many  cells,  may  reproduce  a  large  por- 
tion of  the  organism  from  a  small  severed  fragment.  The  common  earth 
worm  can  reproduce  a  severed  head  or  tail.  Crabs  reproduce  a  whole  leg 
if  the  severance  takes  place  at  a  particular  joint.  Salamanders,  snails, 
etc.,  can  reproduce  a  leg  and  tail.  It  is  further  noteworthy  in  this  connec- 
tion that  the  larvae  of  many  lower  forms,  such  as  reptiles  and  insects, 
have  a  much  greater  capacity  for  the  reproduction  of  lost  parts  than  the 
same  species  have  when  in  the  adult  condition.' 

REGENERATION  OF  SPECIAL  TISSUES. 

Regeneration  of  the  Nerve  Tissue. — In  the  nervous  system  we  find  no 
evidence  that  the  ganglion  cells  are  capable  of  reproduction.  Some  phases 
of  mitosis  are  occasionally  found  in  them,  although  they  do  not  appear 
to  lead  to  proliferation.  But  if  the  essential  parts  of  the  ganglion  cells, 
including  the  nuclei,  be  intact,  a  restoration  may  occur  of  their  central 
as  well  as  their  peripheral  branches.  The  fibrous  and  the  neuroglia  tis- 
sue of  the  central  nervous  system,  on  the  other  hand,  may  increase,  and 

»  Consult  Morgan,  '*  Regeneration,"  Columbia  University,  Biol.  Sen,  1901. 

*  For  an  illuminating  discouree  on  the  surplus  of  functional  provision  in  the  body  see  MelUer, 
**  The  Factors  of  Safety  in  Animal  Structure  and  Animal  Economy,"  Harvey  Lecture,  1907,  reprinted  in 
Jour.    Am.  Med.  Assn,  zlviii,  655.  1907. 

*  For  a  suggestive  study  of  the  laws  of  growth  and  changes  in  cells  and  tissues  during  development, 
and  their  relationship  to  the  nature  and  cause  of  old  age,  see  Minot,  Harvey  Lectures,  1905-1906.  Also 
Pop.  Scl  Monthly,  bcxi,  1907. 
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in  this  way,  even  with  considerable  loss  of  substance,  injuries  to  the 
brain  and  cord  may  undergo  a  sort  of  patchwork  repair. 

In  the  peripheral  nerves  a  considerable  regeneration  of  fibres  may 
take  place  after  injury,  when  the  corresponding  ganglion  cells  are  intact. 
This  restoration  may  be  effected  in  part  by  fibrous  tissue  which  bridges 
the  damaged  region  and  affords  guides  or  channels  along  which  the  axis 
cylinders  may  grow  out  from  the  uninjured  central  segments,  finding 
their  way  to  their  endings,  as  in  embryonic  development  they  stretch 
into  the  tissues  far  from  the  ganglion  cells  in  which  they  originate.  The 
restitution  is  possible  here  because  the  centre  of  nutrition  and  at  least  a 
limited  reparative  control  in  the  ganglion  cell  are  intact. 

Further  details  as  to  degenerations  and  regenerations  of  nerves  and 
nerve  tracts  may  be  found  in  the  chapter  devoted  to  The  Nervous 
System. 

Regeneration  of  Muscle  Tissue. — Regeneration  of  smooth-muscle  tissxie 
after  injury  is  slight.  Mitosis  may  occur  in  the  cells  and  preliminary 
phases  of  division  of  the  body  have  been  described,  but  it  is  doubtful 
whether,  except  possibly  to  a  very  slight  extent,  new  cells  are  formed. 
Such  healing  as  occurs  after  wounds  and  other  injuries  is  largely  effected 
by  new-formed  fibrous  tissue. 

A  partial  regeneration  of  striated  muscle  occurs  after  various  forms  of 
damage  and  losses  of  substance.  There  may  be  division  by  mitosis  in 
the  sarcolemma  nuclei  (Fig.  43)  associated  with  the  accumulation  near 
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Fig.  43. — Reobneration  of  Striated  Muscle  after  Injurt. 

The  nuclei  of  the  saroolemma  have  proliferated  and  are  surroun  led  by  a  small  amount  of  non-striated 

protoplasm. 

them  of  granular  protoplasm,  which  becomes  striated,  either  in  situ  or 
as  independent  cells.  At  the  injured  end  of  the  muscle  fibre  a  similar 
process  may  occur,  so  that  these  damaged  fibres  may  be  in  part  restored. 
If  as  the  result  of  the  injury  some  of  the  nucleated  protoplasm  escapes 
from  the  sarcolemma,  a  similar  development  of  striated  cells  and  cell 
masses  may  occur. 

It  is  especially  in  certain  forms  of  degeneration  of  the  contractile 
substance,  after  typhoid  fever  for  example,  in  which  the  nuclei,  the  sar- 
colemma, and  the  general  framework  of  the  tissue  are  uninjured,  that 
regeneration  of  striated  muscle  fibres  is  most  complete.  After  injuries 
with  considerable  destruction  of  the  muscle  tissue,  regeneration  is  apt  to 
be  irregular  and  incomplete.  While  there  is  often  much  nuclear  divi- 
sion and  often  the  formation  of  large  numbers  of  more  or  less  striated 
and  variously  shaped  cells,  these  are  apt  not  to  develop  into  useful 
muscle  fibres  and  may  disappear  by  degeneration  and  absorption  or  by 
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pressure  atrophy.  Here,  as  elsewhere  in  highly  organized  tissues,  such 
restitution  as  is  possible  after  considerable  injury  is  achieved  by  fibrous 
tissue. 

It  is  interesting  to  note  that  such  regeneration  as  does  occur  in 
striated  muscle  is  not  initiated  by  the  highly  differentiated  contractile 
substance,  but  by  the  nuclei  and  small  residual  amount  of  undifferen- 
tiated protoplasm,  and  that  such  more  or  less  deiinitely  striated  cells  as 
are  formed  are  in  many  respects  similar  to  certain  forms  of  developing 
muscle  cells  in  the  embryo. 

Although  mitosis  and  nuclear  division  have  been  seen  in  the  muscle 
fibres  of  the  heart  after  injury,  there  is  no  evidence  that  new  muscle  can 
be  formed.     Repair,  which  is  not  infrequent,  is  secured  by  fibrous  tissue. 

Regeneratloa  of  Epltbelium. — Owing  to  continuous  shedding  or  to 
functional  destruction  of  epithelium  of  the  skin  and  mucous  membranes 
and  certain  of  their  adnexa,  physiological  regeneration  by  mitosis  is 
common. 

After  injuries,  also ,  regeneration  of  epithelium  in  these  situations  oc- 
curs by  mitosis  and  may  be  extensive  and  complete.  The  new  epithelium 
always  forms  from  the  old,  and,  when  surface  losses  are  to  be  made  good, 
extends  inward  from  the  edges  across  the  injured  area  after  a  suitable 
substratum  has  been  formed  by  fibrous  tissue  and  blood-vessels  (Fig.  44). 


Fia,  44. — Rboinikation  or  EpirHEunu. 

From  a  wound  of  the  toapie.     At  th«  left  ia  Donnat  epitbelium;  Ht  the  right  the  ihia  pellicle  of  new- 

fonned  cells  it  eitendinc  over  llie  >uifu:«  of  the  wouod. 

The  new  epithelium  is  at  first  atypical  in  form  and  arrangement  owing 
to  the  necessity  for  a  gradual  adaptation  to  the  sustaining  and  associated 
tissues.  Thus  the  epithelium,  which  at  first  presses  forward  over  a  heal- 
ing wound  of  the  skin,  may  be  in  the  form  of  an  irregular  layer  of  cells 
(see  Fig.  45)  or  of  a  thin  smooth  pellicle  without  the  usual  variatiorts  in 
size  and  shape  by  which  it  is  later  characterized  when  the  papillae  of 
the  new  cutis  are  formed  and  the  new  cells  have  adjusted  themselves 
to  these  and  to  each  other.'  In  stratified  epithelium  it  is  the  deeper 
layers  from  which  the  new  cells  chiefly  arise.  While  amitotic  division 
has  been  observed  in  the  restitution  of  surface  epithelium,  this  occurs 
in  the  more  superficial  cells  and  is  believed  not  to  be  concerned  in  the 
regenerative  process. 

Regeneration  of  gland  epithelium  after  injury  is  of  frequent  occur- 
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rence,  though  this  capacity  varies  considerably  in  different  glands.  In 
many  cases  it  appears  to  be  by  a  proliferation  of  the  epithelium  lining 
the  smaller  excretory  ducts  that  the  restitution  is  accomplished,  rather 
than  by  the  more  highly  differentiated  secreting  cells.  This  is  of  espe- 
cial interest  because  it  affords  an  excellent  example  of  the  rehearsing 
under  abnormal  conditions  and  tor  reparative  ends  of  a  developmental 
phase  of  cell  life. 

In  the  liver  very  extensive  new  formation  of  liver  cells  may  occur 
after  experimental  removal  of  a  portion  of  the  organ.  These  new  cells 
arising  largely  from  the  epithelium  of  the  small  gall-ducts  do  not  form 
real  liver  tissue,  however,  since  in  this  a  definite  relationship  must  exist 
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between  the  liver  cells  and  the  gall-ducts,  the  blood-vessels  and  the 
interstitial  tissue.  Such  a  relationship  can  be  secured  only  under  the 
conditions  of  embryonic  development  when  all  the  various  tissues  in- 
volved are  being  formed  together.  After  large  destruction  of  liver  cells 
in  certain  forms  of  toxEemia— called  acute  yellow  atrophy  of  the  liver — 
there  may  be  an  extensive  and  successful  regeneration  because  the 
associated  tissues  are  not  at  the  same  time  dcstroj'ed. 

In  the  tkyrcnd  gland  new  gland  tissue  may  be  formed  after  injury. 

In  the  kidney  the  regenerative  capacity  of  the  epithelium  appears  to 
be  less  marked,  though  proliferation  of  the  epithelium  of  the  collecting 
tubes  may  take  place  and  epithelium  to  a  considerable  extent  may  be 
renewed  if  the  blood-vessels  and  interstitial  tissue  remain  intact.' 

Regeneration  of  epithelium  to  a  considerable  extent  may  take  place 
in  the  mammary  and  salivary  glands.     But  here  it  is  the  less  highly  dif- 
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ferentiated  cells  of  the  excretory  ducts  rather  than  the  secreting  epi- 
thelium through  which  regeneration  is  secured.  In  the  ovary  and 
tealicle  a  slight  amount  of  regenerative  capacity  may  be  manifested 
through  mitosis  and  division  of  epithelium,  but  its  results  are  insig- 
nificant. The  pancreas  and  spleen  show  little  or  no  capacity  for 
regeneration. ' 

In  all  these  cases  of  partial  regeneration  it  is  often  dilHcult  to  deter- 
mine how  much  of  the  increase  in  parenchyma,  which  undoubtedly  does 
occur,  is  due  to  a  formation  of  new  gland  tissue  and  how  much  to  a  com- 
pensatory hypertrophy  of  the  old.  While,  therefore,  it  is  true  that  after 
injuries  to  the  glands  a  considerable  regeneration  of  epithelium  may 
occur,  when  the  loss  of  substance  is  extensive  it  is  usually  rather  by  a 
fibrous-tissue  repair  or  by  a  compensatory  hypertrophy  or  hyperplasia  in 
the  uninjured  portions  of  the  organ  than  by  the  new  formation  of  true 
gland  tissue  that  restitution  occurs. 

Regeneration  of  Connective  Tissue. — We  have  seen  again  and  again 
in  reviewing  pathological  regeneration  that,  in  local  restoration  after 
injury,  fibrous  tissue  plays  an  important  part,  either  by  itself  or  in  asso- 
ciation with  various  forms  of  parenchyma.  New  fibrous  tissue  readily 
forms  in  the  adult  to  replace  tissue  which  has  been  destroyed.  It  re- 
sults from  many  kinds  of  prolonged  chemical  and  mechanical  irritants. 
Atrophy  of  the  parenchyma  may  be  followed  by  interstitial  fibrous- 
tissue  growth,  or  new  fibrous  tissue  

may  develop  under  the  influence 
of  bacterial  and  other  toxic  sub- 
stances, and  it  frequently  forms 
dense  capsules  about  the  seat  of 
old  lesions  or  around  foreign  bodies. 
Many  forms  of  compensatory 
fibrous-tissue  development  will  be 
described  in  the  second  section  of 
this  book,  such  as  thickening  of 
the  walls  of  blood-vessels,  inflam- 
matory adhesions,  replacement 
hyperplasia,  etc. 

We  have  now  to  consider  briefly 
the  changes  involved  in  the  new 
formation  of  this  fibrous  tissue. 
Here,  as  in  all  other  tissues  of  the 
body,  it  is  the  cells  alone  which  take  the  initiative,  the  formation  of 
intercellular  substance  being  always  secondary  to  the  formation  of  the 
cells  and  always  occurring  under  their  influence. 

New  connective-tissue  cells  may  be  formed  by  mitosis  (Fig.  46), 
either  from  older  connective-tissue  cells,  or,  as  now  seems  certain,  from 
the  endothelium  of  the  blood-vessels'  and  possibly  from  the  so-called 

'For  a  study  o(  eompenmlory  hypertrophy  of  liBmolyiiiph-nodes  aft*r  removnl  of  aplecn,  aw 
Wtut^niiJ,.  Arch.  f.  Uik.  Anat..  1905.  bibl. 

'8«fiaum0arten.  Aibeilen,  PaOi.  InBt.  TUbiiUEen.  Bd.  iv..  p,  310. 
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"  plasma  cells." ^  In  either  case  the  cell  about  to  divide  shows  an  increase 
in  the  size  of  the  body,  which  becomes  more  granular;  the  nucleus  divides 
by  mitosis,  segmentation  of  the  cytoplasm  following.  This  process  may 
be  repeated  so  that  many  cells  are  derived  from  one,  separated  at  first  by 
a  small  amount  of  homogeneous  intercellular  substance.  These  cells, 
at  first  more  or  less  spheroidal  in  form,  may  become  larger,  and  polyhedral 
or  elongated.  Little  by  little,  fine  fibrils  appear  between  the  cells,  some- 
times apparently  as  extensions  of  their  cytoplasm,  sometimes  along  their 
sides  in  the  homogeneous  material  in  which  they  lie.  Such  new  con- 
nective-tissue cells  concerned  in  the  formation  of  fibrillar  stroma  are 
called  fibroblasts  (Fig.  47).     As  the  fibrous  stroma  increases  in  amount 
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Fio.  47. — Rbqbnbration  op  Connective  Tissue. 

Showing  fibroblasts  with  a  few  new-fonned  intercellular  fibrils  between  them.     The  walls  of  the  bkxxi- 

vessels  are  very  thin. 

the  cells,  at  first  relatively  abundant,  become  elongated  and  flattened, 
until  as  the  new  tissue  approaches  maturity  the  more  or  less  dense 
fibrillar  stroma  preponderates,  pressing  the  cells  between  its  bundles  or 
layers  into  variously  shaped  plaques,  often  fusiform  or  linear  in  profile. 
In  the  formation  of  fibrillar  connective  tissue  from  endothelium  the 
endothelial  cells  of  thin-walled  blood-vessels  increase  in  size,  stretch 
slender  bud-like  extensions  into  the  adjacent  tissue,  where,  after  mitotic 
division,  they  assume  a  r6le  altogether  identical  with  that  of  the  ordinary 
connective-tissue  cell. 


1  PLASMA  Cells. — It  has  been  held  that  plasma  cells  are  concerned  in  the  formation  of  new  fibrous 
tissue,  but  this  view  has  recently  been  abandoned,  and  they  are  now  generally  believed  to  be  either  an 
independent  form  of  free  connective-tissue  cell  or  a  modified  lymphocyte,  this  modification  appearing 
only  under  certain  conditions  and  stimuli.  Plasma  cells  are  round  or  oval  cells  (Fig.  48),  usually  larger 
than  the  blood  or  tissue  lymphocyte,  with  an  excentric  oval  nucleus  or  sometimes  two  nuclei.  The  pro- 
toplasm contains  a  fine  basophile  granulation,  and  adjacent  to  the  nucleus  there  is  a  clear  area  which  con- 
tains a  central  corpuscle.  Such  cells  occur  normally  in  the  bone  marrow,  spleen,  lymph  nodes,  and  gastro- 
intestinal mucosa,  and  are  found  imder  various  pathological  conditions,  especially  in  chronic  inflamma- 
tion about  the  cells  of  neoplasms  and  in  granulation  tissue.  Their  origin  and  significance  are,  however, 
as  yet  under  discussion,  and  the  reader  is  referred  to  larger  monographs  for  details;  for  example,  WU' 
liams,  Amer.  Jour.  Med.  Sci.,  1900,  cxix,  702;  Schaffer,  Die  Flasmasellen.  Sammlung  anatom.  u. 
physiol.  Vortr.  u.  Auf&tze,  Heft  8,  1910;  Weidenreich,  Blutkorperchen  u.  Wandersellen.  Ibid.  Heft 
15,  1911;  Die  Leucocyten  u.  verwandte  Zellformen.     Wiesbaden,  1911. 
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The  formation  of  new  connective-tissue  cells  may  be  large  or  it  may 
be  limited  to  the  production  of  a  single  pair  of  cells;  the  stroma  may  be 
scanty  or  abundant,  loose  or  dense;  the  process  is  essentially  the  same, 
namely,  the  division  of  cells  by  mitosis,  and  the  formation  by  them,  or 
under  their  influence,  of  more  or  less  fibrillar  stroma.  This  process,  it 
will  be  seen,  is  practically  identical  with  the  formation  of  fibrous  tissue 
in  the  embryo. 

But  here,  as  elsewhere,  the  character  and  extent  of  new  tissue  pro- 
duction are  largely  influenced  by  the  environment,  and  particularly  by 
the  nutritive  supply,  so  that  the  formation  of  new  connective  tissue  in 
any  considerable  amount  is  closely  linked  to  the  development  of  blood- 
vessels. 

Regeneration  of  Endothelium. — The  regeneration  of  endothelium ^ 
which  seems  to  be  closely  related  to  that  of  connective  tissue,  takes  place 
readily.  The  new  cells  advance  over  denuded  surfaces  in  a  manner 
similar  to  that  in  epithelial  repair.  Whether  the  new  cells  always  origi- 
nate in  the  old  neighboring  endothelium  or  may  be  more  directly  derived 
from  fibroblasts  is  not  yet  fully  determined. 

The  Formation  of  Blood-Vessels. — The  formation  of  blood-vessels  in 
post-embryonic  life  is  believed  always  to  start  in  a  budding  or  sprouting 


Fio.  48. — DEVELOPtNo  Blood-vessels  in  New-formed  Tissue  Showing  Highlt  Magnified 

Plasma  Cells  to  the  Right. 

of  the  endothelial  cells  of  pre-existing  capillaries.  The  sprouts,  directed 
outward  from  the  endothelia  of  the  capillaries,  consist  at  first  of  buds, 
then  of  slender,  conical,  or  filiform  projections  of  cytoplasmic  substance 
(Fig.  48).  Now  the  cytoplasm  of  the  cell  from  which  the  sprout  springs 
may  increase  in  amount  and  its  nuclei  divide  by  mitosis,  so  that  the  base 
of  the  sprout  may  consist  of  a  multinuclear  mass  of  cytoplasm  or  of  a 
cluster  of  new-formed  cells.  The  sprouts  may  extend  for  a  long  distance 
into  the  surrounding  region,  whether  this  be  already  organized  tissue 
in  which  the  vessels  are  increasing  in  number  or  unorganized  lifeless 
material  like  blood-clot,  which  is  to  be  replaced  by  new  living  structures. 
If  a  similar  process  be  in  progress  in  neighboring  vessels,  the  sprouts  may 
unite  at  their  extremities,  forming  a  slender  solid  protoplasmic  bridge 
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from  vessel  to  vessel.  The  sprouts  now  become  thickened  and  gradually 
channelled  out  at  the  base  by  pressure  of  the  blood  in  the  vessel  from 
which  they  spring.  The  blood  enters  these  lengthening  channels, 
forcing  its  way  along  them,  forming  a  lumen  as  it  goes.  Simultaneously 
with  this  advance  of  the  lumen,  new  nuclei  are  formed  by  division  of  the 
old  along  the  sides  of  the  vessel,  and  the  new  structure  gradually  assumes 
a  distinctly  cellular  and  vascular  character.  At  length  the  channel  is 
complete;  the  new  vessels  have  well-defined  endothelial  walls  and 
connective-tissue  cells  from  without,  or  new  connective-tissue  cells 
which  have  been  formed  about  the  nuclei  of  the  protoplasmic  sprout, 
range  themselves  outside  along  the  walls.  So  the  new  vessel  takes  its 
place  in  the  vascular  system  of  the  part.  Thus,  in  a  short  time,  many 
new  blood-vessels  may  form,  furnishing  nutritive  centres  about  which 
the  organization  of  tissue  proceeds. 

In  the  new  formation  of  arteries  it  is  believed  that  the  smooth-muscle 
tissue  is  formed  by  a  growth  along  the  developing  vessel  from  a  pre- 
existing artery. 

The  Formation  of  Lymph-Vessels. — ^The  formation  of  lymph  channels 
in  granulation  tissue  takes  place  in  the  same  way  as  that  of  blood- 
vessels, the  process  being  initiated  by  the  formation  of  buds  from  the 
endothelium  of  existing  vessels  which  push  their  way  out  into  the  new 
tissue,  gradually  acquiring  lumina  and  forming  anastomoses  with  other 
trunks. 

Regeneration  of  Cartilage  and  Bone. — New  cartilage  may  form  by 
the  proliferation  either  of  connective-tissue  cells  or,  to  a  slight  extent, 
of  cartilage  cells,  and  the  formation  about  the  new  cells  of  the  character- 
istic basement  substance.  It  is  the  connective-tissue  cells  of  the  peri- 
chondrium from  which  especially  new  cartilage  is  formed. 

The  new  formation  of  bone  under  pathological  conditions  is  not 
brought  about  by  the  bone  cells,  but  by  the  development,  first,  from  the 
cells  of  the  periosteum  or  of  the  marrow,  of  a  cellular  connective  tissue, 
or  from  the  perichondrium  of  a  form  of  hyaline  cartilage.  From  these 
tissues,  by  processes  essentially  similar  to  those  in  the  embryonic  develop- 
ment, the  new  bone  is  formed  under  the  influence  of  osteoblasts  (see 
p.  876). 

The  regeneration  of  bone  marrow  takes  place  through  the  activities 
of  the  characteristic  marrow  cells  together  with  those  of  the  blood- 
vessels and  cells  of  the  connective  tissue  and  osteoblastic  type.^ 

Regeneration  of  Lymph-Nodes. — Regeneration  of  lymph-nodes  may 
take  place  after  partial  removal.  This  appears  to  be  more  complete 
in  the  earlier  years  of  life.  After  extirpation  of  lymph-nodes  it  has  been 
shown  experimentally  that  new  nodes  may  form.  These  Bayer  believes 
develop  from  fat  tissue.  Further  studies  are  needed  in  the  regeneration 
of  lymph-nodes  and  the  relationship  of  these  and  lymphatic  tissue  to 
fat  and  other  forms  of  connective  tissue.^ 

^  For  studies  on  the  regeneration  of  bone  marrow,  see  Haasler,  Arch.  f.  klin.  Chir.,  Bd.  1.,  p.  75  1895. 
and  Enderlen,  Deutsch.  Zeits.  f.  Chirurg.,  Bd.  lii,  p.  293,  1899. 

*  Consult  for  bibl.  of  regeneration  of  lymph-nodes  and  lymph- vessels,  Meyer,  Johns  Hopkins  Hosp. 
Bull.,  vol.  xvii.,  p.  185,  1906. 
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Regeneration  of  Fat  Itssue. — ^Fat  tissue  is  formed  by  the  accumula- 
tion of  fat  droplets  in  the  cells  of  various  types  of  connective  tissue, 
particularly  in  the  young  or  embryonic  forms ;  but  adult  connective  tissue 
may  change  into  fat  tissue  by  a  similar  process.  The  repair  of  fat  tissue 
takes  place  by  the  formation  of  young  fibrous  tissue,  whose  cells  and 
stroma  gradually  assume  the  type  of  fat  tissue.  The  cells  of  regenera- 
ting fat  tissue  are  at  first  more  or  less  spheroidal,  and  remnants  of  the 
cytoplasm  may  be  seen  as  more  or  less  crescentic  masses  pressed  to  one 
side  by  the  accumulating  fat  (Fig.  49).  New  fat  tissue  which  replaces 
atrophied  organs  or  parts  of  organs,  such  as  kidney,  heart,  lymph-nodes, 
etc.,  is  formed  in  the  same  way.' 
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Regeneration  of  Blood. — The  formation  of  leucocytes  appears  to 
occur  chiefly  in  the  masses  of  lymphoid  and  myeloid  tissue  which  are  so 
widely  scattered  in  the  body  in  the  lymph-nodes,  in  the  spleen,  and  in 
the  bone-marrow.  The  polynuclear  leucocytes  are  formed  in  the  bone- 
marrow,  but  their  development  may  be  completed  in  the  circulating 
blood.  Both  mitotic  and  amitotic  cell  division  are  to  be  observed  in 
the  new  formation  of  leucocytes,  but  the  exact  relationship  between 
the  new  cells  produced  in  these  two  ways,  and  their  respective  destinies, 
are  not  yet  very  clear.  Regeneration  of  red  blood  cells  seems  to  occur 
in  the  hone-marrow  and  probably  in  the  spleen  and  hsemolymph-nodes 
through  mitotic  division  of  nucleated  forms.  The  latter  may,  under 
pathological  conditions,  appear  in  the  vessels  in  varying  numbers  (see 
Part  II.,  Chapter  I.).' 

TRAlTSPLAIfTATION  OF  TISSUE. 
Transplantation  of  various  types  of  tissue  has  been  frequently  at- 
tempted, and  is,  on  both  theoretical  and  practical  grounds,  of  con- 
siderable interest.  Transplantations  have  been  successfully  made  from 
one  part  of  the  individual  to  another — autoplastic— or  from  another 
individual  of  the  same  species — homoplasHc;  but  not  frotn  one  species  to 
another. 

'  For  1  itudy  of  rasenentnn.  iuOunniatbD,  etc..  in  fat  tissue  see  Krata.  Zeita.  t.  Heilkuade.  Bd. 
nrii..  p.  Z43,  IfiOO. 

'  For  a  leoeral  and  extended  study  upoa  tiaaue  regeneration  see  Marduind,  Die  Wundheilung,  Leip- 
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A  variety  of  general  conditions  favor  successful  transfer.  The 
tissue  to  be  transplanted  must  be  alive  and  in  good  condition;  young 
tissues  are  more  readily  transferred  than  old;  the  site  to  which  the 
transfer  is  made  must  be  adapted  to  the  growth  of  the  graft.  A  great 
difference  is  observed  in  the  success  of  transplantation  of  various  types 
of  tissue.  Thus,  the  epithelium  of  the  skin  and  various  forms  of  con- 
nective tissue  may  be,  under  favorable  conditions,  readily  transplanted, 
and  produce  new  tissue  of  similar  type.  Thus,  deeply  implanted 
epidermal  tissue  may  grow  and  produce  considerable  new  tissue,  especially 
in  the  form  of  cysts  resembling  either  simple  or  complex  dermoid  cysts. 
Experimental  transplantation  to  another  individual  of  the  same  species, 
of  various  gland  and  other  special  forms  of  tissue,  such  as  portions  of  the 
kidney,  liver,  sebaceous,  salivary  and  mammary  glands,  testicles,  ovary, 
periosteum,  bone,  and  cartilage,  shows  that  there  may  be  at  first,  if  the 
conditions  be  favorable,  a  slight  proliferation  of  the  transplanted  tissue 
cells.  Together  with  this  growth  in  the  better-nourished  parts  of  the 
tissue  grafts  there  is  apt  to  be  a  more  or  less  extensive  necrosis  of  other 
portions.  But  the  proliferative  activities  of  transplanted  gland  tissue 
are,  as  a  rule,  not  permanent;  they  presently  cease  and  sooner  or  later 
these  tissues,  with  necrotic  portions  of  the  grafts,  are  absorbed. 

The  body  seems  to  react  sooner  or  later  to  a  transplanted  organ  as  to  a 
foreign  body,  and  to  accomplish  its  destruction  in  much  the  same  fashion 
as  in  the  case  of  invasion  by  infective  agents. 

The  many  reported  instances  of  successful  homoplastic  organ  trans- 
plantation lack  a  sufficiently  careful  anatomical  control  of  the  organs  so 
transplanted.  It  is  undoubtedly  possible  to  make  homoplastic  trans- 
plantations of  the  thyroid ;i  the  parathyroid,  and  the  ovary;  but  after  a 
shorter  or  longer  period  such  transplanted  tissue  undergoes  atrophy. 

Transplantation  of  epidermis  for  practical  purposes  has  become  a 
part  of  surgery,  aiding  in  the  repair  of  surface  losses  of  skin.  The  graft 
properly  implanted  upon  the  granulating  surface  becomes  closely 
attached  by  the  growth  into  it  of  new  connective-tissue  cells  and  blood- 
vessels. The  old  connective  tissue  of  the  graft,  as  well  as  most  of  the 
epithelium,  especially  the  superficial  layers,  usually  dies  and  is  cast  off 
or  absorbed,  while  new  epithelium  formed  from  the  remaining  cells 
makes  its  way  over  the  granulating  surfaces. 

In  transplantations  of  bone  the  grafts  seem  to  furnish  a  nidus  into 
which,  hand-in-hand  with  its  absorption,  new  bone  grows  under  the 
influence  of  osteoblasts  of  the  old  periosteum,  but  does  not  itself  appar- 
ently share  in  the  new  production  of  bone  tissue. 

The  possibility  of  successful  autoplastic  transplantation  of  organs  has 
been  shown  by  Carrel  and  others.*  In  individual  cases  the  results  have 
been  excellent,  but  the  total  number  of  successes  is  small  and  the  surgical 

»For  study  of  transplantation  of  thyroid  see  Payr,  Arch.  f.  klin.  Chir.,  1906,  Ivxx,  730. 

«Carre/,Trana.Internat.  Cong,  of  Surg.,  1914.  Payr,  Arch.  f.  klin.  Chir.,  1900,  Ixii;  VerhandL  d. 
deutsch.  Gesellsch.  f.  Chir.,  1908.  For  an  extremely  thorough  and  conservative  study  of  transplanta- 
tion, with  bibliography,  see  Schdne,  Die  heteroplastische  u.  homoomoplastische  Transplantation. 
Berlin.  1912. 
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difficulties  are  enormous;  and  as  the  procedure  has  but  little  practical 
value  it  may  be  regarded  simply  as  a  demonstration  of  the  possibilities  of 
laboratory  surgery. 

The  only  important  form  of  transplantation  is  the  homoplastic  or 
heteroplastic,  and  certain  recent  investigations  point  toward  the  possibility 
of  its  ultimate  accomplishment.  Bashford^  and  Da  Fano*  some  years  ago 
showed  that  the  resistance  to  tumor  transplantation  was  not  humoral,  but 
was  a  factor  of  tissue  activity  and  apparently  correlated  with  the  lym- 
phocytic and  plasma  cell  reaction  in  the  neighborhood  of  the  cells  of  the 
neoplasm.  Working  along  this  line,  Murphy^  has  found  that  the  growth 
of  tissues  in  vitro  is  inhibited  by  the  presence  of  growing  bone  marrow  or 
spleen.  After  interference  with  the  activity  of  these  organs  by  treatment 
of  the  animals  with  Roentgen  rays,  which  are  known  to  be  especially 
destructive  to  lymphoid  and  marrow  tissue,  it  was  found  that  grafts  of 
the  Ehrlich  mouse  sarcoma  would  grow  in  irradiated  rats  for  at  least 
thirty-two  days.  Should  the  results  of  this  experiment  be  shown  to  be 
more  generally  true,  they  may  point  the  way  to  the  possibility  of  success- 
ful heteroplastic  surgery. 

The  Impulse  to  Cell  Regeneration. 

While  we  can  thus  summarize  the  differing  capacities  of  the  body-cells  for  regener- 
ation; while  we  know  many  of  the  general  conditions  under  which  the  impulse  to  cell 
proliferation  and  growth  is  manifested;  while,  further,  we  have  learned  something  of 
the  delicate  mechanims  through  which  division  is  controlled  and  effected,  at  the  end  we 
must  acknowledge  that  we  do  not  know  why  cells  divide.  We  may  say  that  it  is  due  to  a 
chemical  or  a  mechanical  stimulus,  and  it  certainly  may  be  associated  with  both;  or 
that  increased  nutrition  favors,  while  innutrition  retards  cell  multiplication ;  we  may 
dte  direct  or  remote  injury,  or  talk  of  the  inhibition  of  organic  control,  disturbed  tissue 
equilibriimd,  diminished  pressure,  reversion,  etc.,  but  when  all  is  said  we  are  forced  to 
recur  to  some  unknown  factor  in  the  inherited  constitution  of  the  cell  which  determines 
the  measure  and  character  of  its  response  to  the  most  varied  influences. 

The  hypothesis  of  Ribbert,  in  accordance  with  which  the  capacities  of  cells  to  pro- 
liferate and  grow,  so  manifest  in  embryonic  life  are  held  in  restraint  in  the  normal  adult 
body  by  a  subtle  correlation  of  cells  and  tissue,  is  most  suggestive  in  this  connection. 
When  this  mutual  relationship  is  disturbed,  as  is  the  case  under  many  of  the  conditions 
in  which  regeneration  takes  place,  the  cells,  in  the  conception  of  Ribbert,  are  freed  from 
certain,  at  least,  of  their  organic  restraints.  These  restraining  conditions  he  calls 
"tissue  tension,"  meaning  thereby,  however,  something  more  complex  and  subtle  than 
simple  physical  tension.  Thus,  free  to  exert  their  primitive  capacities,  formerly  held 
in  restraint  by  the  environment,  we  can  conceive  how  cells  proliferate  and  new  tissues  are 
formed  in  the  regenerative  processes  without  assuming  the  acquirement  of  any  new 
capacties  and  without  the  assumption  of  vague  and  special  stimiili.^ 

^  Bashford.  Ztschr.  f.  ImmuDitatfiforsch.,  Grig.,  1909,  1,  449. 

*  Da  FanOt  Ztschr.  f.  Immunitatsforsch.,  Grig.,  1910,  v,  1. 

*  Murphy,    Jour.  Exper.  Med.,  1913,  xvii,  482;  ibid.,  1914,  xix,  513;  Jour.  Am.  Med.  Assn..  1914, 
txii.  1459. 

*For  a  riiumi  of  Ribbert's  hypothesis  and  its  applications  to  regeneration,  hypertrophy,  etc.,  see 
RUhtrt,  "AUgemenie  Pathologie."  2d  Ed.,  1905;  also  references  under  "Grigin  of  Tumors,"  p.  351. 
For  a  criticism  of  Ribbert's  views  see  AdamVa  "Pathology."  vol  L,  p.  537,  ef  aeq. 

See  abo,  for  summary  of  a  new  phase  of  research  and  interpretation  in  the  nature  of  the  "forma- 
tive stimulus  "  involved  in  artificially  induced  cell  division  and  artificial  parthenogenesis,  Loeb,  "  Studies 
in  General  Physiology,"  p.  253.  For  general  bibliography  of  regeneration,  compensatory  hypertrophy, 
etc.,  see  Aachoff,  Lubarsoh  and  Ostertag's  Ergebnisse,  Jahig.  v.  for  1898,  p.  22.  For  a  full  considera- 
tion of  Uie  subjects  dealt  with  in  this  chapter  consult  the  general  pathology  "Les  Processus  G6n6raux" 
of  Chantemesse  and  PodtoyamUky,  1901. 
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According  to  this  conception,  then,  the  regenerative  processes  leading  to  the  forma- 
tion of  new  cells  and  tissues  are  not  brought  into  play  by  stimuli  furnished  by  injuries — 
the  so-called  "formative  stimuli"  of  an  earlier  time.  But  new  cells  and  tissues  form 
as  the  result  of  the  release  of  inherent  capacities  of  cells  normally  held  in  restraint  after 
the  developmental  period,  by  their  associations  as  parts  of  an  organism.  Thus,  when 
conditions  of  nutrition,  pressure,  organic  association,  possibly  of  protoplasmic  con- 
tinuity or  of  nerve  correlation,  are  disturbed,  for  example,  through  trauma,  poisons, 
degenerations,  prolonged  hypersBmia  and  various  other  vascular  and  nutritive  cellular 
disturbances,  the  leash  of  organic  control  is  loosened,  and  the  primitive  capacities  of  the 
cells  are  temporarily  free  to  act.  But,  as  we  have  seen,  this  resumption  of  an  abeyant 
potency  in  the  ordinary  processes  of  repair  is  not  limitless  and,  sooner  or  later,  the  old 
controlling  relationships  of  organic  associations  are  re-established  and  the  reparative 
activities  cease.  ^ 

In  a  later  chapter  we  shall  see,  in  discussing  tumors,  how  a  more  complete  and  last- 
ing emancipation  of  certain  cells,  from  the  restraints  imposed  by  organic  association, 
may  possibly  lead  to  most  significant  and  baleful  consequences  in  the  formation  of 
malignant  tumors  (see  p.  350). 

Finally,  while  we  have  set  forth  somewhat  at  length  the  conceptions  of  Ribbert, 
elaborating  an  original  hypothesis  of  Weigert,  there  are  so  many  evidences,  especially 
clear  in  lower  forms  of  life,  of  the  direct  incitement  of  cells  to  overgrowth  and  prolifera- 
tion by  various  physical  and  chemical  agencies,  under  conditions  in  which  the  potencies 
of  the  so-called  tissue  tension  cannot  properly  be  invoked,  that  the  assumption  of  direct 
external  stimuli  to  regenerative  cell  activities  in  many  cases  seems  fully  justified. 

The  cultivation  of  tissues  outside  of  the  body  received  its  initiative  from  the  exper- 
iments of  Harrison,  who,  in  1907,  found  that  in  a  hanging  drop  of  sterile,  coagulated 
lymph,  undifferentiated  embryonic  tissue  of  the  frog  could  be  kept  alive  for  a  long  time, 
and  that  under  these  conditions  growth  took  place.  By  the  adaptation  of  this  method 
to  the  tissues  of  warm-blooded  animals,  the  use  of  plasma,  the  warm-stage,  and  the 
development  of  various  other  improvements  in  the  technique,  Carrel,  Burrows,  Lam- 
bert, Hanes,  Ebeling,  Murphy,  and  others  have  made  many  valuable  contributions 
to  our  knowledge  of  the  biology  of  cells.  In  this  way  the  growth  of  tissues  for  long 
periods  and  on  a  large  scale  has  been  observed;  and  transplantations  have  been  made 
in  a  long  series.  In  this  way,  also,  tumor  tissues  of  animals  may  be  grown  and  fragments 
of  embryonic  heart  muscle  maintained  in  pulsation  for  many  weeks.* 

1  For  a  consideration  of  the  bearing  of  this  hypothesis  on  compensatory  hy];>ertrophy,  see  i2t&6erf, 
"Lehrbuch  der  allg.  Pathologie,"  1905,  p.  315. 

<For  a  riaumi  of  technique  and  results  of  cultures  of  adult  and  embryonic  tissues  see  Harriaoitt 
Lambert,  and  Burrows,  Jour.  Am.  Med.  Assn.,  1913,  Ix,  1660-62;  Carrel,  Jour.  Exper.  Med.,  1912,  xv, 
516:  ibid.,  1913,  xviii,  287;  and  Murphy,  ref.  p.  79. 


CHAPTER  V. 

INFLAMMATION. 

General  Considerations. 

The  conception  of  inflammation  was  originally  a  clinical  one  in  which 
the  process  was  marked  by  special  symptoms — redness,  heat,  swelling, 
pain,  and  impaired  function.  This  conception  was  gradually  enlarged 
to  embrace  the  new  formation  of  tissue  which  might  be  associated  with 
or  follow  these  symptoms,  or  which  might  be  independent  of  them. 
Aft^r  the  knowledge  of  the  importance  of  the  cell  became  general  it 
was  upon  the  formation  and  accumulation  of  cells  and  other  substances 
that  attention  was  especially  fixed.  Finally,  the  processes  and  structural 
alterations  embraced  in  the  conception  of  inflammation  became  so 
varied  and  complex  that  a  definition  or  even  a  characterization  seemed 
not  only  difiicult,  but  wellnigh  impossible. 

It  is  only  within  the  past  decade  or  two  that  the  processes  and  lesions 
involved  in  inflammation  have  been  seriously  considered  in  the  light  of 
comparative  pathology  and  as  biological  problems  divorced  for  purposes 
of  research  from  the  dominance  of  traditional  clinical  conceptions.  In 
view  of  our  increased  knowledge  of  the  structure  of  cells  and  of  the  im- 
pulses immediate  and  hereditary  which  determine  their  performances,  it 
seems  possible  now  to  resolve  the  complex  processes  and  lesions  embraced 
in  the  general  notion  of  inflammation  into  more  simple  factors,  and  to 
arrive,  if  not  at  an  exact  definition,  at  least  at  a  reasonable  conception 
of  the  relationship  of  its  phenomena  to  each  other,  to  those  of  normal 
physiology,  and  to  other  phases  of  disease. 

With  this  end  in  view  it  seems  wise  at  first  to  rehearse  as  simply  and 
briefly  as  is  practicable  some  of  the  more  typical  of  the  phenomena  and 
lesions  which  are  commonly  grouped  under  the  term  inflammation. 

While  the  death  of  tissue  from  trauma,  and  degenerative  alterations 
in  the  tissues  in  the  presence  of  various  forms  of  poisons  are  often  impor- 
tant factors  in  the  inflammatory  processes,  we  shall  not  consider  them 
separately  here,  because  they  are  incidental  rather  than  inherent  and 
have  already  been  treated  in  the  section  on  Degenerations  and  Necrosis. 
But  it  should  be  noted  that  various  phases  of  albuminous  degeneration, 
local  or  general,  which  are  induced  by  the  poisons  of  the  pathogenic 
bacteria,  are  very  often  associated  with  inflammation,  and  not  infre- 
quently modify,  or  may  even  determine,  its  occurrence. 

A  comprehensive  survey  of  the  conditions  under  which  inflammation 
most  frequently  takes  place  shows  at  once  that  it  is  almost  always  asso- 
ciated with  some  form  of  injury.     This  may  be  direct  trauma,  or  exces- 
sive heat  or  cold.     It  may  be  poisons  of  various  kinds — from  the  cruder 
6  81 
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inorganic  poisons  inducing  immediate  and  gross  tissue  destruction  to  the 
subtle  toxic  substances  which  result  from  the  metabolism  of  micro- 
organisms or  from  the  aberrant  metabolism  or  degeneration  of  the  body- 
cells  themselves.  Dead  cells  or  tissues  or  foreign  substances  of  many 
kinds  within  the  body  are  common  incitants  of  the  inflammatory  processes. 
Let  us  now  look  at  some  of  the  ways  in  which  the  living  body  re- 
sponds to  injury,  and  first  at  an  injury  which  is  very  slight  and  simple. 

Types  of  the  Inflammatory  Reaction  of  the  Body  to  Injury. 

Injbry   to   Non-vascular  Itssue. — If  a  small  clean  cut  be  made  in 
living  fibrillar  connective  tissue,  not  involving  blood-vessels,  and  affecting 
only  the  cells  and  libres  in  the  vicinity  of  the  incision,  and  if  the  sides 
of  the  wound  be  immediately  placed  and  held  together,  the  resulting 
changes  which  lead  to  the  complete  restitution  of  the  part  are  compar- 
atively simple.     A  small  quan- 
tity  of  fluid  which  oozes  from 
the  tissue  spaces  sticks  the  sides 
of  the  cut  together.     Such  con- 
nective-tissue cells  as  have  been 
seriously   injured,    especially   if 
the  nuclei  have  suffered,  die  and 
disintegrate;  and  these,  together 
with   such   tissue  fragments  as 
may  be  present,  are  removed  by 
phagocytes  or  through  autolysis 
and  absorption.     But  cells  whose 
Fia.  so.— Healing  OF  A  Wound  OF  TBI  coHNEA.      nuclei    havc    remained    intact, 

Without  involvemeat  of  bloodveBeb  a  few  new  whether   directlv    Upon  the  iocJ- 

iwnaective'tiMue  celb  have  formed  sbng  the  line  ol  .  ■      '.      '  i'    ,         ■    '    •, 

■light  injuiy  (iDciaion).  and  theiidnof  the  wouDd  SlOn  OF  m  itS  immediate  VlCinity, 

■™  joined  by  the  new  tells  Hnd  fibrib  lonned  by  bcCOmc    larger    and  mOK  gfanU- 

them.     The  epiihelmm  hu  regenerated  over  the  ,  ...11  .        . 

■urfaee.  lar,  may  divide  by  mitosis,  ex- 

tend their  bodies  or  processes 
across  the  plane  of  incision,  bridging  this  at  intervals  with  living  pro- 
toplasm. Under  the  influence  of  these  cells,  new  intercellular  fibres 
are  formed,  which  in  a  short  time  bind  the  sides  of  the  wound  firmly 
together  (Fig.  50),  Thus,  with  but  the  slightest  amount  of  tissue 
destruction,  and  with  no  involvement  of  the  blood-vessels,  a  simple 
mechanical  injury  may  be  made  good.  This  form  of  reaction  to  injury 
of  living  tissue  is  known  to  the  surgeons  as  healing  by  "first  irUention." 
The  mode  of  healing  does  not  essentially  differ  if  there  be  a  slight  injury 
to  the  blood-vessels. 

In  injury  to  a  non-vascular  part,  like  the  cornea,  for  example,  the 
primary  reaction  to  the  damage  manifested  by  the  fixed  connective-tissue 
cells  is  often  complicated  by  the  wandering  in  of  leucocytes  from  the 
conjunctival  blood-vessels  in  the  manner  indicated  in  the  next  section. 
This  participation  of  distant  blood-vessels  and  leucocytes  is,  no  doubt, 
incited  by  a  reflex  stimulation  of  the  nerves  of  the  blood-vessels,  and  may 
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be  fostered  under  certain  conditions  by  the  absorption  of  injurious  sub- 
stances which  are  carried  to  the  nearest  blood-vessels  by  the  lymphatics. 
Thus  it  is  that  in  injuries  to  the  cornea,  a  non-vascular  part,  the  lesion 
is  often  complicated  by  the  secondary  participation  of  the  adjacent 
blood-vessels 

Injury  to  Vascular  Tissue. — Let  us  now  look  at  the  effect  on  a  vascular 
tissue  of  an  injury  not  immediately  destructive.  For  this  purpose  the 
mesentery  of  the  bladder  of  a  curarized  frog,  drawn  out  upon  a  suitable 
plate  *  upon  the  stage  of  the  microscope  and  kept  moist  by  irrigation  with 
three-fourths-per-eent.  salt  solution,  affords  a  succession  of  most  instruc- 
tive pictures.  The  mechanical  disturbance  of  the  organs  exposed, 
desiccation,  and  a  variety  of  other  physical  and  chemical  vicissitudes  to 
which  they  are  subjected,  are  sufficiently  damaging  to  incite  a  complex 
train  of  responses  on  the  part  of  the  living  tissues. 

In  studying  the  circulation  of  the  blood  in  small  vessels  under  the 
microscope  it  should  be  remembered  that,  while  the  walls  of  these  vessels 
are  made  up  of  living  tissue  and  are  capable  of  responses  by  movement 
or  by  structural  change  to  external  agencies,  whether  applied  directly  or 
through  the  nerves,  they  are  also  elastic  pipes  through  which  fluid  flows, 
and  that  both  pipes  and  fluid  are  subject  to  the  laws  of  mechanics. 
These  mechanical  laws  are  often  modified  in  expression,  it  is  true,  by 
the  subtle  energies  which  living  tissues  wield,  but,  as  Thoma  more  than 
any  other  has  shown,  they  are  not  to  be  ignored  by  the  serious  student 
of  the  living  body,  either  in  health  or  disease. 

In  the  bladder  or  mesentery  of  the  frog  the  arteries  and  veins  with 
their  connecting  system  of  capillaries  are  clearly  seen.  When  the  cur- 
rent is  rapid  the  cells  of  the  blood  in  the  arteries  and  veins  are  gathered 
into  a  red  axial  mass  in  which  the  separate  cells  may  not  be  distinguish- 
able, owing  to  their  crowding  and  the  rapid  flow.  Outside  of  this,  against 
the  walls,  is  a  clear  marginal  zone  in  which  a  leucocyte  is  occasionally 
visible.  If  for  any  reason  the  rate  of  flow  be  considerably  diminished, 
the  leucocytes,  which  are  specifically  lighter  than  the  red  cells,  gather  in 
the  marginal  zone.  If  the  current  become  very  slow  or  be  arrested,  the 
marginal  zone  disappears  and  the  red  and  white  cells  intermingle.^ 

Soon  after  the  exposure  of  the  bladder  or  mesentery  the  tissues  be- 
come hyperaemic.  The  arteries,  veins,  and  capillaries  dilate,  and  the 
blood,  encountering  less  resistance  from  the  walls,  flows  more  rapidly 
through  them.  This  increased  rapidity  of  the  blood  current  does  not, 
however,  last  long,  although  the  vessel  still  remains  dilated.  After  a 
variable  period,  owing,  it  is  believed,  to  changes  in  the  endothelia  of 
the  vessels,  the  blood  meets  with  so  much  resistance  that  it  flows  more 
slowly  than  under  normal  conditions.  Temporary  or  even  permanent 
stasis  may  occur  in  some  of  the  vessels,  but  this  is  not  a  constant  nor  a 
characteristic  occurrence.  White  blood  cells — leucocytes — now  begin 
to  accumulate  along  the  inner  walls  of  the  veins  and  to  become  fixed 

>  See  description  of  Thoma's  frog-plate,  p.  111. 

'  This  distribution  of  the  blood  is  almost,  if  not  wholly,  mechanical,  and  may  be  simulated  in  glass 
tubes  with  a  fluid  in  which  lifeless  particles  of  different  specific  gravities  are  suspended.  The  particles 
of  the  lesser  specific  gravity  assume,  when  the  fiow  is  established,  the  peripheral  portion  of  the  stream. 
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there,  so  that  after  a  time  the  whole  inner  surface  of  the  veins  may  be 
more  or  less  thickly  sprinkled,  and  even  closely  crowded,  with  adherent 
leucocytes.  These  may  either  lie  firmly  against  the  endothelium  or  be 
dragged  slowly  along  by  the  current  of  blood  sweeping  past  them. 
Some  are  dragged  by  the  blood  current  into  pyriform  shapes,  showing 
that  they  are  adherent  at  a  small  point  only,  and  thus  they  may  be 
detached  from  the  wall  and  rejoin  the  circulating  blood.  They  may  by 
amtEboid  movement  crawl  slowly  along  the  interior  of  the  wall,  even 
against  the  current.  In  the  capillaries,  also,  a  similar  comportment 
of  the  leucocytes  may  be  seen. 

After  a  time,  which  varies  conaiderably— in  the  bladder  sometimes 
within  an  hour  after  its  exposure;  in  the  mesentery  usually  later — some 
of  the  leucocytes  commence  to  make  their  way  slowly  through  the  walla 
of  the  veins  and  capillaries.     At  first  a  little  shining  knob  appears  on 


Fm.  Gl.— EiuaHATii 
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cocylca  are  clinging  to  the  interior  of  the  vesBels;  some  are  paning  through  the 

the  outside  of  the  wall  opposite  to  the  cell  which  is  sticking  within,  and 
this  outer  portion  grows  larger  as  the  part  still  within  grows  smaller, 
until  at  length  the  entire  cell  is  outside  of  the  vessel.  The  cell  now  may 
immediately  detach  itself  and  wander  off  in  the  tissue  spaces,  or  it  may 
remain  for  some  time  attached  to  the  outside  of  the  wall  (Fig.  51).  This 
passage  of  the  leucocytes  through  the  walls  of  the  capillaries  and  veins — 
it  does  not  occur  in  the  arteries — is  called  emigration.  The  emigrating 
cells  are  largely  the  polynuclear  leucocytes,  but  mononuclear  forms — 
lymphocytes — and  eosinophiles  may  also  pass  out  of  the  vessels. 

The  cells  pass  between  the  endothelia  through  the  cement  substance, 
which  apparently  is  in  some  way  changed  in  the  inflammatory  process. 
They  may  pass  through  very  rapidly,  but  usually  their  progress  is  slow 
and  often  interrupted,  so  that  cells  may  be  seen  motionless  for  a  long 
time  in  various  stages  of  progress  through  the  walls.     A  half  minute,  or 
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even  less,  may  suffice  for  their  passage,  or  they  may  be  hours  about  it. 
Thus,  after  a  variable  time,  if  the  conditions  have  been  favorable,  the 
tissues  immediately  around  the  capillaries  and  veins,  and  even  those 
somewhat  remote  from  them,  may  be  more  or  less  densely  crowded  with 
leucocytes,  some  motionless  and  in  the  spheroidal  form,  others  moving 
about  through  the  tissue  spaces  (Fig.  52).  Leucocytes  may  pass  out  of 
the  tissues  on  to  free  surfaces  of  the  inflamed  part,  or  they  may  wander 
into  the  lymph-vessels  and  so  re-enter  the  circulation. 

It  is  probable  that  the  emigration  of  the  leucocytes  is  due  in  part  to 
a  sort  of  filtratioQ  process  with  which  the  pressure  of  the  blood  within 
the  vessels  is  concerned,  and  also  to  capillary  attraction  at  the  point  of 
emergence.     But  the  inherent  contractility  of  the  cells  themselves  forma, 


doubtless,  a  very  important  factor.  That  in  most  cases  chemotaxis  plays 
a  significant  part  in  directing  the  course  of  the  leucocytes  seems  to  be 
well  established,  and  it  is  largely  to  this  agency  that  the  gathering  of 
leucocytes  is  due  in  the  vicinity  of  the  deleterious  substances  which 
incite  inflammation. 

In  regard  to  chemotaxis  it  should  be  said  in  brief  that  the  direction 
of  locomotion  in  protoplasm  may  be  determined  by  chemical  substances 
in  the  vicinity.  This  is  the  case  not  only  in  the  lower  forms  of  life,  as  in 
certain  bacteria  and  protozoa,  but  also  in  such  cells  of  higher  organisms 
aa  have  retained  a  certain  independence  of  locomotion,  for  example,  in 
the  leucocytes  and  certain  cells  of  the  connective  tissue.  To  this  form  of 
response  to  external  agencies  the  name  chemotaxis  has  been  applied.  In 
some  cases  the  effect  of  chemical  agents  in  the  environment  is  not  to 
attract,  but  to  repel,  protoplasm.  This  has  been  called  negative  chemo- 
taxis,   Chemotaxis  and  certain  allied  responses  to  outside  influences 
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have  been  found  to  play  an  importaDt  rdle  in  health  as  well  as  Id  some 
forms  of  disease,  and  have  been  the  subject  of  much  careful  study.' 

If  we  return  now  to  our  observation  of  the  living  mesentery  it  will  be 
found  that  while  emigration  of  leucocytes  is  going  on,  the  red  blood  cells, 
although  for  the  most  part  carried  along  as  usual  in  the  current  of  the 
veins  and  through  the  capillaries,  still  often  find  their  way  in  small,  and 
sometimes  in  very  large,  numbers  into  the  surrounding  tissues.  They 
are,  it  is  believed,  carried  passively  through  the  cement  substance 
between  the  endothelia  by  minute  streams  of  fluid  which  under  these 
conditions  are  flowing  in  abnormal  quantities  through  the  walls.  This 
extravasation  of  the  red  blood  cells  is  called  diapedesis.  It  appears  to 
follow  the  emigration  of  the  leucocytes,  which  seems  in  some  fashion  to 
prepare  the  way  for  the  more  mechanical  exit  of  the  red  cells. 

By  this  time  it  will  usually  be  found  that  the  tissue  around  the  vessels 
is  somewhat  swollen  and  more  succulent  than  normal,  and  fluid  may  be 
poured  out  on  the  free  surface.     The  fluid  which  thus  gathers  is  called 
serum.     It    is    similar    to    the    simple    non-inflammatory    transudates, 
except  that  it  is  richer  in  proteids  and  is  mixed  with  cells.     This  serum 
has  passed  out  of  the  blood-vessels  along  with  the  blood  cells,  and,  as  its 
composition  differs  somewhat  from  that  of  blood  plasma,  it  is  evident 
that  it  has  undergone  a  change  as  it  passed.     The  way  in  which  this 
alteration  in  the  composition  of  the  blood  plasma  occurs  as  it  passes 
through  the  walls  of  the  vessels  and  becomes 
the  serum  of  exudation,  we  do  not  under- 
stand.    But  it  is  probably  due  to  metabolic 
processes  in  the  endothelial  cells  by  which 
what  has  been  called  a  "  selective  filtration  " 
■  is  secured. 

The  fluid  exudate  contains  fibrinogenous 
substance,  and  from  this,  when  the  condi- 
tions are  favorable,  fibrin  may  be  formed 
FiQ.  63.-Fi»Hm  m^i^NFLAHBATORT    ^pjg  53J  ^^  ^  chauge  similar  to  that  which 
occurs  in  the  coagulation  of  the  blood.     The 
leucocytes  which  wander  into  the  tissue  spaces  outside  the  vessels  may 
encounter  conditions  inimical  to  life,  from  innutrition  or  from  the  pres- 
ence of  deleterious  substances,  and  thus  these  and  other  cells  furnish, 
as  they  die  and  disintegrate,  the  fibrin  ferment  essential  to  coagulation. 
Clusters  of  fibrin  fibrils  may  thus  often  be  seen  surrounding  dead  and 
disintegrating  cells  (see  Fig.  54).' 

If  at  this  time  the  exposed  bladder  or  mesentery  of  the  frog  be 
restored  to  the  abdominal  cavity  and  the  animal  placed  under  favorable 
conditions,  the  reaction  of  the  vessels  and  cells  to  the  unusual  environ- 
ment may,  if  the  injury  have  not  been  too  severe,  gradually  subside. 
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The  circulation  is  then  re-established,  the  serum  is  absorbed,  the  leuco- 
cytes ^'bich  have  not  come  out  upon  the  surface  or  died  in  the  tissue 
spaces  may  re-enter  the  lymphatics.  Fibrin,  if  this  have  been  formed, 
and  red  blood  cells  which  have  escaped  from  the  circulation  are  dis- 
posed of  under  the  influence  of  ferments  which  leucocytes  furnish  (see 
p.  105),  or  may  be  carried  ofT  by  the  wandering  leucocytes;  or,  aa  is  not 
infrequently  the  case,  blood  pigment  resulting  from  the  reduction  of 
the  haemoglobin  which  leaves  the  red  blood  cells  by  osmosis  may  remain 
for  some  time,  in  situ,  as  the  only  mark  of  an  earlier  active  inflammatory 
process. 


Thua  in  the  livmg  animal'  we  can  learn  by  direct  observation  the 
way  in  which  the  serum,  fibrin,  and  red  and  white  blood  cells  get  into 
tissues  and  upon  free  surfaces  in  certain  forms  of  injury  involving  the 
blood-vessels. 

We  can  see  also  by  this  experimental  observation  just  what  the 
factors  are  which  induce  the  so-called  "cardinal  symptoms"  of  inflam- 
mation— the  redness  and  heat  due  to  hypenemia;  the  swelling  to  accu- 
mulation of  exudate;  the  pain  to  pressure  on  the  nerves;  and  the  impaired 
function  to  the  disturbances  of  nutrition  to  which  all  of  these  factors 
contribute.  The  materials  gathering  in  or  upon  the  tissues  under  these 
conditions  are  called  exudates,  and  this  phase  of  inflammation  is  com- 
monly called  exudative  inflammation. 

Hand-in-hand  with  these  changes,  which  are  directly  associated  with 
lesions  of  the  blood-vessels,  there  occur  alterations  of  the  cells  of  the 
affected  part,  which  are  not  readily  observed  in  the  experimental  animal, 
especially  of  the  connective-tissue  cells.  These  may  suffer  regressive 
changes — albuminous  or  fatty  degeneration  or  necrosis;  or,  on  the  other 
band,  they  may  undei^o  progressive  changes.     The  bodies  may  swell; 

■  Tfaomk  hu  ahawa  by  umfUr  atudiea  on  trann-bknded  BiiiiiiBla  Chat  the  cenction  to  injuiy  >■  in 
tbem  tmvitimllr  ■imikr  to  thst  Iti  (be  trof. 
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mitosis  occurs;  and  they  may  divide.  This  may  take  place  in  the 
cells  of  the  fibrillar  connective  tissue  and  in  the  endothelium  of  the 
blood-  and  lymph-vessels.  The  new-formed  cells  may  detach  themselves 
from  their  original  site  and  join  the  leucocytes  as  wandering  cells.  If 
there  are  small  islets  of  lymphoid  tissue,  such  as  are  widely  scattered 
through  the  body  (see  p.  iS\},  these  may  show  hyperplasia,  and  appear 
as  clusters  of  small  spheroidal  colls  with  large  deeply  staining  nuclei  and 
a  small  amount  of  cytoplasm.  These  clusters  of  small  cells  resembling 
lymphocytes  are  especially  noticeable  in  the  vicinity  of  the  lymph 
channels  near  small  blood-vessels. 

Let  us  now  look  at  the  effect  upon  a  living  vascular  tissue  of  injury 
inflicted  in  a  different  way. 

Injury  from  Micro -organisms. — Suppose  we  inject  into  the  ear  vein 
of  a  rabbit  a  small  amount  of  a  pure  culture  of  a  well-known  and  very 
common  micro-organism,  ytrcptococcus  pyogenes.     Little  masses  of  the 
living  germ  will  enter  the  heart  and  be  driven  out  again  through  the 
arteries  in  whose  smaller  twiglets  or  in  the  capillaries  some  of  them  will 
lodge  as  emboli.     Here  in  the  living  tissues  the  bacteria  may  find  good 
nutrient  conditions  and  begin  to  proliferate,  increasing  so  rapidly  in 
number  that  they  may  distend 
the  vessels  in  which  they  lie.     If 
after  twenty-four  hours  the  ani- 
mal be  killed,  and  one  examine 
the  organs  in  which  the  bacterial 
emboli  have  caught  and  grown 
— in  the  liver,  for  example — he 
■  finds    small    blood-vessels    here 
i   and   there  distended  with  bac- 
teria.    But  the  parenchyma  and 
interstitial    tissue    about    them 
appear  to  be  intact  {Fig.  55). 
If,     however,     the     animal    be 
allowed  to  live  longer — say  two 
or   three  days — before   the   ex- 
amination, the  condition  of  the 
tissue  about  the  growing  bacte- 
rial mass  in  the  typical  course  of 
appear  unchanged.  ~     events  shows  marked  and  signi- 

ficant alteration.  Immediately 
around  the  bacteria  the  nuclei  fail  to  take  the  nuclear  stains  (Fig.  56); 
the  cytoplasm  is  unusually  granular  or  fallen  into  fragments.  These  are 
the  marks  of  cell  death,  and  from  the  situation  of  this  area  of  dead  tissue 
about  the  colony  of  growing  bacteria  we  may  infer — and  the  inference 
is  confirmed  by  a  host  of  testa  and  observations — that,  in  growing,  the 
bacteria  have  set  free  in  the  tissue  about  them  some  chemical  substance 
whose  presence  is  incompatible  with  the  continuance  of  the  life  proc- 
esses in  the  liver  cells,  which,  in  fact,  has  killed  them. 

But  very  soon  the  tissues  near  by  show  a  different  sort  of  reaction  to 
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this  active  poison  set  free  upon  the  spot.     Leucocytes  gather  on  the 
borders  of  the  necrotic  area  and  may  form  a  dense  ensheathing  mass 
about  it  {Fig.  57).     If  we  look  for  the  origin  of  these,  we  find  that  close 
outside  the  area  of  dead  tissue  and  among  the  gathered  leucocytes  the 
smaller  blood-vessels  are  dilatcdj  overfilled  with  blood,  and  such  marks 
of  the  emigration  of  leucocytes  as  a  tissue  removed  from  the  animal  and 
prepared   for   examination   may   show   are   unmistakable.     Not   infre- 
quently extravasated  red  blood 
cells  and  fibrin  and  a  distention 
of  the  tissue  spaces   with   fluid 
Btill     further     characterize    the 
process  as  exudative  inflamma- 
tion. 

It  was  observed  in  the  ex- 
posed mesentery  or  bladder  of 
the  frog  that  the  leucocytes, 
once  outside  the  vessels,  wan- 
dered off  in  various  directions  in 
the  tissues,  some  to  the  surface, 
some  to  the  lymph -vessels,  and 
some  far  from  the  veins  or 
capillaries  from  which  they 
emerged.      Not  so   here.      The 

.  11  J  ..L  Fi(i-  fid.— BACmaiAL  Ehdoi-us  in  tqb  Livbb.  with 

extravascular  leucocytes  gather  nbchmw, 

close    in  the   border   zone  of  the  The  bactam  an  atiUlBtielymiifined  to  the  vessel, 

necrotic  area  or  enter  it.  And  i'i!J^'oetiratou°"t4i''B™b^*^^of™ci°' ''^°"''''' 
we  may  usually  see  in  the  outer 

parts  of  such  an  area  of  dead  tissue  scattered  leucocytes  which  are 
themselves  undergoing  changes  indicating  the  death  of  the  cell.  They 
too  have  encountered  the  poison  set  free  by  the  growing  bacteria. 

The  changes  which  have  just  been  described  as  the  result  of  experi- 
ment in  the  animal  are  practically  identical  with  those  occurring  in  man 
as  the  result  of  accidental  inoculation. 

If  the  process  continue,  one  may  find  on  later  examination  that  the 
dead-tissue  mass  has  softened  through  the  action  of  proteolytic  enzymes 
developed  on  the  spot  (see  p.  105),  the  bacteria  are  scattered,  and  the 
whole  central  portion  may  be  occupied  by  a  grayish  or  yellowish  gru- 
mous  or  fluid  mass  of  dead  cells,  cell  detritus,  albuminous  and  fatty 
granules,  bacteria  and  leucocytes  in  various  stages  of  necrosis  and 
disintegration. 

Such  a  localized  result  of  exudative  inflammation  with  death  and 
disintegration  of  tissue  ia  called  an  abscess;  the  material  which  it  contains 
is  called  pus.  For  a  more  detailed  consideration  of  suppuration  and  the 
characters  of  pus  see  p.  198.' 

The  changes  by  which,  if  the  animal  survive  the  formation  of  abscess, 
the  active  processes  are  brought  to  a  standstill  and  repair  is  effected,  we 

w  HeJIif,  Ziegrer's  Beitr.  i.  PhUi.  Anat.,  Bd. 


90  INFLAMMATION 

need  not  now  follow.  But  it  concerns  us  here  to  appreciate  that  this  is 
a  type  of  one  of  the  most  important  phases  of  the  inflammatory  process ; 
a  phase  in  which  a  poison  produced  in  the  body  by  the  metabolism  of 
micro-organisms  incites  a  complex  train  of  active  and  passive  tissue 
changes. 

Instead  of  forming  abscesses  with  softening  of  the  tissue,  the  pua 
cells  and  other  exudates  may  be  distributed  diffusely  through  the  inter- 
stices of  the  tissues,  forming  a  so-called  purvlent  infiltration. 


Fra.  57, — Necbosis  aso  SoppoaATios  iw  the  Lives  moH  Bactebul  IxricnoH — Exudativi  amb 
Necrotic:  iNrLAUiiATiaN. 

Tbe  bacl«ria  are  ncBtlcred  b  msssa,  Uie  liver  cells  about  them  ore  necrotic,  while  leucooytas  fakva 
gathered  in  large  numbera  witbin  the  neorotic  are*.  With  slight  further  diainCefiriitlaii  this  dibbb  of 
dead  liver  tissue  and  pus  cells  would  Conn  an  absoesB. 

A  narrow  canal  leading  to  a  focus  or  area  of  inflammation  is  called  s 
fistula. 

In  our  study  of  illustrative  phases  of  inflammation  we  now  turn  to 
the  processes  by  which  repair  of  injured  tissues,  after  more  or  less  involve- 
ment in  the  inflammatory  phenomena,  is  brought  about. 

Resolutioa  in  Inflammation. — In  many  cases  of  exudative  inflamma- 
tion, after  the  subsidence  of  the  active  changes  in  the  blood-vessels, 
the  exudates  are  entirely  though  often  very  slowly  absorbed,  and  the 
tissue  returns  to  its  normal  condition;  this  is  called  resolution. 

If  many  new  connective-tissue  cells  have  been  formed,  these  may 
produce  fibrils  and  thus  a  certain  amount  of  new  tissue  may  develop. 
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compromising  the  blood  and  lymph  circulation,  so  that  for  a  long  time 
the  site  of  the  inflammation  may  be  swollen  and  hard. 

Under  certain  conditions,  on  the  other  hand — for  example,  in  the  case 
of  a  wound  with  loss  of  substance,  or  in  an  acute  exudative  inflamma- 
tion of  a  serous  membrane  in  which  the  surface  is  deprived  of  its  normal 
mesothelial'  covering,  or  in  the  healing  of  an  abscess — a  considerable 
amount  of  new  tissue  may  be  produced  through  the  agency  of  old  cells 
or  of  new  cells  formed  in  the  inflammatory  process. 

We  will  now  consider  the  way  in  which  repair  of  a  wound  or  injury 
with  loss  of  tissue  is  effected. 

The  Healing  of  Wounds. 

The  way  in  which  new  inflammatory  tissues  are  formed  may  be  best 
understood  by  following  the  process  of  healing  in  a  wound  with  loss  of 
substance — for  example,  in  a  wound  through  the  skin  or  a  mucous  mem- 
brane  into  the  tissue  beneath.     At  first  there  may  be  haemorrhage. 


Fio.  68. — Grakulation  Tmbob. 

Prom  »  hflAlins  abdomiaal  wound.     Early  atAce  vith  very  thin-walled  blood-Toaela,  leuoooytte, 

Bad  youDS  coanective-tiraue  cells.     There  are  few  iatcrcellular  fibrib. 

After  this  has  ceased,  the  injury  to  the  tissue,  the  unusual  exposure  of 
deep-seated  parts,  the  presence  of  foreign  sul^tances,  etc.,  may  induce 
the  same  series  of  events  which  we  have  seen  occurring  in  exudative 
inflammation  with  production  of  serum,  fibrin,  and  pus.  The  blood- 
vessels dilate,  the  circulation  becomes  slower,  serum  transudes,  and 
emigration  seta  in.     Certain  of  the  cells  and  fragments  of  intercellular 

■  The  morpbolofiatl  naemblance  of  the  flat  cellj  covering  the  surfaces  of  the  Kreat  aeroun  cavitiee — 
pwitooekl.  pltiinl.  and  pericardial — to  the  eadothelium  of 
tbeii' beinc  alno  called  eDdotfaetium.     But  their  genesn  ai  well 
tbar  itill   nUun,  render  more  fitting  the  name  mimlhtliun 
«  p.  377. 
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substance  near  the  seat  of  injury  may  die,  and  in  time  are  cast  off  or  are 
disintegrated  or  dissolved  and  absorbed  or  otherwise  disposed  of  by 
phagocytes  (see  p.  98).  The  tissue  may  become  soaked  and  swollen 
by  the  transuded  serum,  and  the  connective-tissue  cells  in  the  vicinity 
may  undergo  proliferative  or  degenerative  changes. 

Granulation  Ilssue. — After  a  variable  time,  usually  on  the  second  or 
third  day  if  all  goes  well,  the  surfaces  of  the  wound  may  be  more  or  less 
covered  with  tiny  red  nodules  called  gramdalions.  These  granulations 
contain  numerous  thin-walled  blood-vessels  which  have  sprouted  out 
from  the  old  vessels  near  the  seat  of  injury,  and  around  these  a  new 


loose,  succulent  tissue  is  formed,  largely,  it  is  believed,  from  proliferation 
of  connective-tissue  cells.  This  is  called  granvlation  tissue  (Fig.  58). 
On  the  surface  of  the  granulations  are  usually  pus  cells  in  varying 
quantity,  or  the  granulations  may  be  more  or  less  covered  with  dried 
exudate.  The  way  in  which  the  new  blood-vessels  form  by  proto- 
plasmic sprouts  from  the  old,  and  the  manner  in  which  connective 
tissue  develops  from  older  connective-tissue  cells,  have  been  already 
described  in  the  section  on  Regeneration.  Let  it  suffice  here  to  say  that 
the  cells  of  the  granulation  tissue  are  at  first  mostly  small  and  spheroidal 
or  polyhedral,  and  are  usually  packed  closely  together  with  only  a 
small  amount  of  fluid  intercellular  substance.  Presently  some  of  the 
cells  become  larger  and  polyhedral,  elongated,  fusiform,  or  branched, 
and  after  a  while  a  delicate,  fibrillar  intercellular  substance  makes  its 
appearance  about  them  and  grows  more  and  more  abundant  (Fig.  59), 
These  larger,  variously  shaped  cells,  which  appear  to  be  formed  out  of 
the  small  spheroidal  or  indifferent  cells  of  the  graaulation  tissue,  are 
usually  granular,  and  the  nucleus  is  generally  large  and  distinct.     Some 
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of  these  larger  cells  which  seem  to  be  more  or  less  directly  concerned  in 
the  formation  of  intercellular  fibers  are  called  fibroblasts  (Fig.  60). 

As  the  granulation  tissue  grows,  new,  small  spheroidal  cells  are 
gathered  by  proliferation  or  fay  continued  emigration.  Some  of  these 
participate  in  the  formation  of  the  granulation  tissue,  while  others,  not 
finding  conditions  suitable  for  their  further  development,  or  even  for 
their  continued  existence,  die  and  pass 
off  on  the  surface,  together  with  some 
transuded  fluid,  as  pus. 

The  poly  nuclear  leucocytes  do  not 
apparently  share  in  the  formation  of 
new  tissue.  To  what  extent  this  new 
tissue  is  derived  from  old  connective- 
tissue  cells  and  cells  of  the  endothelial 
type — the  macrophages  of  Metchnikoff 
—or  how  largely  it  may  come  from      ^'"- ^''^^l'^'^  b^^''^J^vZIT''' 

emigrated  lymphocytes,  assuming  the         There  are  numerouBnew-fonnedmlercelruW 

characters  of  "plasma  cells"   (see  p.  fibrib, 

74),  is  not  yet  certain;  but  the  latter 

class  of  cells  is  probably  not  actively  concerned. 

Cicatricial  Hasue. — The  new  tissue  gradually  becomes  more  and  more 
dense,  the  intercellular  substance  more  abundant,  while  the  cells  decrease 
in  number  and  become  flatter  and  less  conspicuous.  The  epithelium  may 
now  grow  over  from  the  sides,  forming  by  mitosis  from  the  old  epithe- 
lium at  the  edges  of  the  wound  (Fig.  61),  and  finally  cover  the  new 


Flo.  ei.— Heauho  Wodnd  ih  tbe 

Then  wsa  km  of  subatuca— miucle,  libniui  tisaua.  u 
bvoi  repliLced  by  the  voMUlftr  £ranu1fltioD  timje,  which  ia  ol 

while  oD  the  surfaca  is  ■  tayer  of  tiaaue  dstritus.  pus  cella.  ete..  partly  dried  and  forming  a  aeaii  over  th« 
mauliiioiui.      Nev  Epithelium  ia  preuioc  forward  from  the  old  at  tbe  edgea  over  the  aurfHca  of  the  aew- 

vascular  tissue.  The  new  tissue,  having  at  last  undergone  more  or  less 
shrinkage,  with  atrophy  of  the  blood-vessels,  consists  of  a  dense,  firm 
mass  composed  largely  of  fibrillar  basement  substance  with  a  few  flat- 
tened cells  (Fig.  02);  and  with  this,  which  is  the  cicatrix,  the  healing  is 
complete.     The  cicatricial  tissue  in  its  shrinkage,  as  it  becomes  more 
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fibrillar  and  denser,  often  brings  about  considerable  distortion  of  adjacent 
parts. 

Variations  in  the  Healing  Process. — Although  in  the  production  of  new 
tissue,  in  connection  with  or  following  exudative  inflammation,  essen- 
tially the  same  processes  are  involved  in  all  cases,  there  are  yet  very 
marked  differences  in  the  degree  in 
which  the  different  factors  share. 
Thus  the  vascular  and  exudative 
phenomena  may  predominate  and 
very    large    quantities    of    serum, 
fibrin,    or  pus  collect,  while   the 
„  amount  of  new-formed  tissue  may 

Fio.  62.— CiciiBieiAL  Tibbub  from  4  Heilbd       i_       ■       ■       -i;  .         mu  J       ^- 

wouMD.  be  insignificant.     The  production 

of    a    large    amount   of   exudate, 

particularly  of  pus  cells — suppuration — usually  marks  the  presence  of 

micro-organisms  whose  locally  elaborated  poisons  complicate  or  retard 

the  healing  process. 

In  other  cases  the  formation  of  new  tissue  is  the  dominant  feature, 
and  the  production  of  exudates  seems  to  be  almost  eotirely  subordinated 
to  this  end. 
I^_   The  process  of  repair  which  is  complicated  by  exudative  inflammation 


or  effected  only  by  the  gradual  formation  of  a  considerable  amount  of 
new  tissue,  is  called  by  surgeons  heeding  by  "second  intention." 

The  distinction  between  healing  by  first  and  second  intention,  which 
is  of  practical  importance  in  surgery,  is,  from  the  pathological  stand- 
point, only  a  quantitative  one;  for  the  restitution  of  the  parts  to  the 
healthy  condition  is  in  both  cases  brought  about  by  exudation  and  prolif- 
eration of  cells  usually  under  the  influence  of  vascular  changes,  but  in  one 
case  the  latter  changes  are  very  slight,  in  the  other  more  or  less  extensive. 
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There  is  much  variation  in  the  formation  of  granulation  tissue.  Thus, 
sometimes  the  body  cells  respond  but  feebly  to  the  unusual  conditions, 
and  neither  cell  proliferation  nor  blood-vessel  growth  is  active.  On  the 
other  hand,  the  development  of  blood-vessels  may  be  excessive,  while 
other  tissue  formation  lags.  Under  these  conditions,  loops  and  tangles 
of  thin-walled,  contorted  new  vessels  may  project  from  the  granulating 
surface,  while  useful  tissue  formation  remains  in  abeyance,  or  the  new 
cells  undergo  fatty  or  other  forms  of  degeneration  (Fig.  63) .  The  result 
of  this  disproportionate  growth  of  ill-formed  blood-vessels  is  the  exuber- 
ant granulations  ("proud  flesh")  which  the  surgeon  frequently  removes 
from  unhealthy  healing  surfaces.' 


Fig,  64.— RiaiHiHil 


Cavities  formed  by  abscesses  or  by  necrosis  in  any  part  of  the  body 
may  be  filled  up  and  their  sides  drawn  together  in  a  cicatrix,  by  the  for- 
mation of  a  provisional  mass  of  granulation  tissue  similar  in  character  to 
that  which  grows  in  external  wounds.  So,  similarly,  cysts  may  be  obliter- 
ated and  ulcers  partially  filled  and  drawn  into  cicatricial  healing.  Large 
free  surfaces,  like  the  pleura  and  the  peritoneum,  may,  through  the 
inter\-ention  of  granulation  tissue,  pass  from  the  denuded  condition 
of  an  active  exudative  inflammation,  either  with  or  without  adhesions, 
into  a  condition  which,  though  by  no  means  a  return  to  the  normal,  we 
yet  designate  as  repair. 

The  so-called  organization  of  a  thrombus  in  a  blood-vessel  is  brought 
about  by  processes  practically  identical  with  those  which  have  just  been 
described  in  the  formation  of  new  tissue  in  reparative  inflammation  in 
an  external  wound.  The  endothelial  cells  of  the  vessels  and  the  con- 
nective-tissue cells  in  their  walls  proliferate,  new  blood-vessels  develop 
by  eprouts  from  the  already  existing  smaller  vessels  in  their  walls  or 
close  about  them.     The  new  cells  and  new  blood-vessels  thus  derived 

'  For  mapceial  study  or  iruiuUtK>DtniueseeR«nl>acA.ZieKler'ii  Beitr.,  Bd.  in.,  p.  102.1901. 
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gradually  penetrate  the  clot,  forming  new  connective  tissue,  which 
replaces  step  by  step  the  fibrin  and  blood  which  are  gradually  softened 
by  autolysis  and  absorbed  or  removed  by  phagocytes. 

The  part  which  the  thrombus  plays  in  its  so-called  organization  is 
thus  a  wholly  passive  one.  It  acts  only  as  a  temporary  supporting 
texture  for  the  development  of  the  new  tissue  derived  from  other  sources 
which  step  by  step  replaces  it. 

In  the  processes  of  repair  by  the  formation  of  new  tissues,  the  latter 
are  often  developed  in  excess,  the  overproduction  after  a  time  ceasing, 
when  the  normal  condition  is  restored.  Thus,  if  the  epithelium  be 
scraped  from  a  small  area  on  the  front  of  the  cornea  the  new  epithelium 
which  covers  the  injury  is  often  heaped  up  in  excess  (see  Fig.  64). 


Hyperplasia  and  Interstitiai  Inflammation. 

Hyperplasia  of  the  fibrous  interstitial  tissue  of  the  internal  organs 
and  other  parts  of  the  body — as,  for  example,  in  the  liver,  kidney,  heart, 
nervous  system,  etc. — is  of  frequent  occurrence  and  is  usually  associated 
with  changes  in  the  parenchyma.  In  some  cases  the  formation  of  fibrous 
tissue  clearly  follows  evident  and  often  acute  inflammatory  processes 
and  bears  the  same  relation  to  antecedent  reaction  to  injury  that  the 
cicatrix  in  a  healing  wound  does  to  the  granulation  tissue  from  which  it  is 
formed.  In  other  cases  it  is  associated  with  long-continued  hyperaemia — 
chronic  congestion — of  the  organ  involved.  Again,  gradual  hyperplasia 
of  the  interstitial  tissue  takes  place  by  the  slow  increase  of  cells  and 
stroma,  without  evidence  of  an  active  cell  proliferation  or  marked  involve- 
ment of  the  blood-vessels.  Finally,  hyperplasia  of  the  interstitial 
tissue  may  be  and  probably  usually  is  secondary  to  damage  to  or  atrophy 
of  the  parenchyma,  as  in  the  spinal  cord  after  degeneration  in  nerve 
tracts  or  in  the  heart  after  damage  to  the  muscle  fibres;  in  the  liver  and 
kidney  in  connection  with  atrophy  of  the  specific  epithelial  cells.  In 
such  cases  it  is  often  spoken  of  as  replacement  hyperplasia.  These  forms 
of  fibrous-tissue  hyperplasia  will  be  considered  with  more  detail  in  the 
sections  dealing  with  the  special  lesions  of  the  viscera.  They  have  all 
been  usually  regarded  as  marks  of  inflammation.  Some  of  them  unques- 
tionably are  so;  concerning  others,  doubt  will  continue  until  our  knowl- 
edge as  to  their  excitants  considerably  increases.  In  the  meantime 
the  term  fibrosis  is  sometimes  applied  to  the  results  of  fibrous-tissue 
hyperplasia,  though  this  is  still  most  commonly  included  among  the 
inflammatory  processes.^ 

Those  important  phases  of  inflammation  which  are  due  to  damage 
from  special  forms  of  micro-organisms  will  be  considered  in  detail  in  the 
chapter  of  this  book  devoted  to  the  Infectious  Diseases. 

^  For  a  sugg^tive  and  interesting  consideration  of  the  relationship  between  inflammation  and 
various  forms  of  "fibrosis"  see  Adami,  Middleton  Goldsmith  Lectures,  Medical  Record,  March  14th  and 
21st  and  April  4th  and  11th.  1S96. 
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Special  Phases  of  Inflammation. 

The  several  phases  of  the  inflammatory  process,  which  we  have  now 
considered,  are  fairly  typical  of  the  reaction  of  the  living  body  to  various 
forms  and  degrees  of  injury.  If  we  look  at  them  together  and  seek  to 
gather  their  dominant  features,  we  find  that  the  changes,  varied  as  they 
are  in  character  as  well  as  in  degree,  are  mostly  of  three  kinds:  first, 
those  involving  a  greater  or  less  amount  of  degeneration  or  necrosis;  sec- 
ond, those  involving  local  disturbances  of  the  circulation,  as  well  as 
alterations  in  the  distribution  and  character  of  the  fluid  and  cellular 
elements  of  the  blood — exudative  changes;  and  third,  regenerative,  produc^ 
tive,  or  reparative  changes. 

Of  these  three  groups  of  alterations  in  inflammation  those  involving 
the  blood-vessels  and  their  contents  are,  in  a  clinical  sense,  most  striking 
and  characteristic,  and  to  many  seem  to  dominate  the  inflammatory 
processes.  But  in  fact  all  are  closely  associated.  The  various  phases  of 
inflammation  depend  upon  the  nature  and  extent  of  the  injury,  the 
inherent  reactive  vigor  of  the  cells,  and  the  character  and  position  of 
the  tissue  involved. 

Special  names  have  been  attached  to  various  forms  of  the  inflamma- 
tory process,  descriptive  of  the  feature  which  from  the  particular  stand- 
point of  the  observer  seems  most  striking  or  important.  Some  of  the 
names  are  descriptive  of  clinical  symptoms,  some  express  the  duration 
or  character  or  situation  of  the  lesion,  some  seek  to  imply  more  or  less 
well-founded  views  of  the  nature  of  the  process.  Thus  among  the  forms 
of  exudative  inflammation,  those  in  which  the  extravasated  serous  fluid 
is  the  most  marked  feature  are  often  named  serous  inflammations.  If 
fibrin  predominate,  it  is  called  fibrinous;  if  associated  with  much  blood 
extravasation,  it  is  termed  hemorrhagic.  When  the  agencies  are  present 
which  induce  the  necessary  vascular  changes  and  promote  the  emigration 
and  gathering,  and  often  the  destruction,  of  leucocytes  in  considerable 
or  large  numbers,  we  have  a  suppurative  or  purulent  inflammation.  If 
much  tissue  death  be  associated  with  the  process,  it  is  named  necrotic 
inflammation. 

Again,  if  certain  mucous  membranes  or  mucous  glands  be  subjected 
to  the  inciting  agencies,  they  may  respond  by  an  overproduction  of 
mucus  as  well  as  by  an  increase  of  death  of  cells;  this  is  mucous  or  catar- 
rhal inflammation.  In  inflammation  of  the  mucous  membranes  fibrin 
intermingled  with  other  exudate  sometimes  forms  more  or  less  well- 
defined  and  often  tough  pellicles  or  membranes  upon  the  surface.  This 
is  called  pseudo-membranous  inflammation.  Finally,  these  various 
forms  of  exudate  may  be  produced  simultaneously,  whence  arise  such 
compound  designations  as  sero-purulent,  muco-purident,  etc.,  inflamma- 
tion. Inflammation  with  the  formation  of  new  tissue  is  called  pro- 
ductive or  reparative. 

Local  inflammation,  especially  when  incited  by  micro-organisms,  is 
often  associated  with  systemic  infection  due  to  a  distribution  of  the 
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inciting  agents  through  the  body.     This  condition  will  be  considered  in 
the  chapter  dealing  with  the  Infectious  Diseases  (see  page  197). 

Inflammation,  especially  of  infective  origin,  is  so  frequently  asso- 
ciated with  degenerative  changes  in  the  more  highly  organized  cells — 
the  parenchyma  cells — of  organs  that  when  these  are  conspicuously 
involved  the  term  parenchymatous  inflammation  has  been  used.  It  is 
better,  however,  to  hold  the  degenerations  apart  and  consider  them  as 
associated  but  not  identical  with  the  inflammatory  processes.  Similarly 
the  term  interstitial  inflammation,  though  very  commonly  employed, 
indicates  a  comparatively  rare  occurrence.  That  which  is  embraced 
under  the  term  is  usually  an  interstitial  hyperplasia  secondary  to  damage 
to  the  parenchyma  cells  of  organs  (see  p.  96). 

It  has  seemed  wise  to  many  to  attempt  to  draw  a  sharp  distinction 
between  those  phases  of  inflammation  which  involve  only  the  degener- 
ation of  tissues  or  the  redistribution  of  already  formed  tissue  elements — 
serum,  fibrin,  and  blood — and  those  phases  which  are  productive  or 
reparative.  But  while  this  attempt  aims  at  the  recognition  of  a  biologi- 
cal distinction  of  fundamental  importance,  it  encounters  the  great  prac- 
tical diflSculty  that  both  phases  of  the  reaction  of  tissues  to  injury,  the 
exudative  and  the  productive,  occur  together,  so  that  none  of  the  named 
classes  of  inflammation  represent  simple  and  unmixed  forms  of  tissue 
reaction.  The  important  thing  is  to  conceive,  as  clearly  as  our  knowl- 
edge permits,  the  nature  of  the  processes  which  underlie  these  various 
manifestations  of  disturbed  cell  function  and  their  associated  tissue 
alterations.  Then  the  names  may  serve  useful  temporary  ends  at  least 
without  implying  too  much  or  concealing  too  little  knowledge. 

The  Disposal  of  Foreign  and  Dead  Substances  in  the  Body — 

Phagocytosis — ^Autolysis. 

It  was  stated  at  the  beginning  of  this  chapter  that  the  injuries  which 
lead  to  inflammation  are  extremely  varied.  The  degree  and  character 
of  the  resulting  inflammation  are  closely  related  to  the  inciting  agents. 
We  have  already  taken  as  general  examples  of  the  inflammatory  response 
to  injury,  one  in  which  there  was  a  simple  mechanical  damage,  and  the 
other  in  which  a  more  extensive  and  prolonged  injury  was  effected  by 
the  presence  of  living  bacteria. 

While  it  is  not  practicable  to  classify  the  various  phases  of  inflam- 
mation according  to  the  character  of  their  incitants  it  is  convenient  to 
consider  by  themselves  the  effects  of  animal  and  of  vegetable  parasites, 
among  the  latter  especially  the  bacteria.  In  subsequent  chapters, 
under  the  headings  of  Animal  Parasites  and  of  Infectious  Diseases,  we 
shall  study  the  special  phases  of  injury  induced  by  these  agents  and 
the  response  which  the  living  cells  and  tissues  of  the  body  make  to  their 
presence. 

But  there  are  many  forms  of  injury  to  cells  and  tissues  which,  though 
not  so  extensive  and  striking  as  those  which  we  have  thus  far  considered 
in  our  preliminary  survey  of  inflammation,  are  yet  of  great  frequency 
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and  importance.  One  of  these  we  must  now  consider,  namely,  the 
presence  in  the  body  of  foreign  substances  and  of  dead  portions  of  the 
body  itself.  Here  again,  as  in  so  many  instances,  we  shall  come  upon 
physiological  processes  spurred  to  unusual  activity  by  emergency 
demands  upon  them. 

The  Fonns  and  Origin  of  Foreign  and  Dead  Substances. — Under  the 
conditions  of  normal  life,  as  the  tissues  grow  and  perform  their  functions, 
worn-out  cells  die;  as  bone  grows  it  is  absorbed  little  by  little  to  make 
room  for  the  remodeling  and  growth  of  the  larger  structure;  more  or 
less  constantly,  floating  matter  in  the  air  we  breathe  gathers  in  the  respi- 
ratory organs.  Under  all  of  these  conditions  the  dead  cells,  the  hard  bone, 
the  foreign  particles,  are  disposed  of  by  certain  lowly  organized  cells, 
leucocytes,  lymphocytes,  connective-tissue  cells,  endothelium  and 
mesothelium,  which  are  called  phagocytes. 

On  the  other  hand,  there  are  many  conditions  under  which  foreign 
material  abnormal  in  quantity  and  character  is  formed  in  or  enters  the 
body  and  must  be  disposed  of.  Thus  organic  pigments  in  the  form  of 
irregular  particles  or  crystals  are  formed  in  the  body,  such  as  blood  and 
bile  pigment.  Many  foreign  substances  in  finely  divided  form  in  large 
quantities  enter  from  without,  especially  in  the  respired  air,  such  as  coal, 
iron,  stone,  smoke,  and  various  kinds  of  organic  dust.  In  various  ways 
larger  bodies,  slivers  of  wood,  particles  of  metal,  bullets,  and,  in  injuries 
or  during  surgical  operations,  fragments  of  clothing,  ligatures,  sutures, 
fragments  of  sponge,  cotton,  gauze,  jute,  etc.,  may  remain  as  foreign 
substances  doing  more  or  less  harm  and  inciting  in  various  degrees  the 
phenomena  of  inflammation.     These,  too,  the  phagocytes  dispose  of. 

Finally,  as  the  result  of  the  greatest  variety  of  injuries  which  lead  to 
the  necrosis  of  cells  and  tissues,  such  as  mechanical  damage,  the  action 
of  corrosive  poisons,  excessive  heat  or  cold,  disturbances  of  circulation, 
various  toxins,  etc.,  the  dead  structures  themselves  become  harmful  to 
the  living  tbsues  about  them,  which  respond  in  various  ways  to  their 
presence,  among  others  by  certain  forms  of  inflammation. 

Let  us  see  how  the  body  cells  and  tissues  comport  themselves  in  the 
presence  of  alien  substances  and  dead  structures. 

Disposal  of  Foreign  Substances. — One  of  the  simplest  and  most  com- 
mon of  the  phenomena  of  this  class  is  seen  in  the  disposal  of  pigment  and 
other  solid  particles,  whether  introduced  from  without  or  formed  within 
the  body  under  various  abnormal  conditions.^  In  breathing  dusty  air, 
whether  of  badly  cleaned  dwellings,  places  of  business  or  assemblage,  or 
by  those  engaged  in  occupations  involving  the  loading  of  the  air  with 
the  dust  of  coal,  smoke,  iron,  stone,  tobacco,  lint,  hair,  etc.,  in  the  aggre- 
gate large  numbers  of  the  dust  particles  enter  the  respiratory  passages. 
Here  sooner  or  later  they  are  taken  up  by  cells — phagocytes — and  if 
the  particles  are  colored  they  may  be  seen  lying  within  the  cjiioplasm 
surrounding,  but  not  within,  the  nucleus  (Fig.  65).  These  cells  may 
be  the  epithelium  of  the  respiratory  passages  or  of  the  air  chambers  of 

^  For  a  study  of  the  removal  of  alien  substances  from  the  peritoneal  cavity  see  Buxton  and  Torrei/, 
Jour.  Med.  Res.,  voL  xv.,  p.  5,  1906. 
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the  lungs,  or  leucocytea  which  have  wandered  out  upon  the  surfaces. 

Then  a  large  part  of  the  foreign  particles,  If  these  be  not  too  numerous, 

are  carried  either  on  the  lymph  currents  or  more  frequently  within  cells 

into  the  lymph  channels,  along  which  they  make  their  way  to  the  nearest 

system  of  lymph-nodes  or  -nodules  or  to  the  smaller  areas  of  lymphatic 

tissue  which  are  widely  distributed  in  the  lungs  as  well  as  elsewhere  in 

the    body    (see    p.    481).      In   these 

islets   of   lymphatic   tissue  or  in  the 

lymph-nodes  of  the  lung  the  foreign 

particles  both  within  and  without  the 

cells  are  deposited  and  may  remain 

for  an  indefinite  period. 

But  the  tissues  in  which  they  are 
deposited  are  not  indifferent  to  the 
presence  of  any  considerable  accumu- 
lation of  these  alien  substances. 
The  connective  tissue  and  endothelial 
cells  swell  and  proliferate  and  new 
fibrils  are  formed  enclosing  the  foreign 
material  which  may  lie  within  the 
Flo.  66.— pH*Qocr™».  cells  which  brought  them  or  be  taken 

Tha  upper  cell  IB  epitheiifli  from  the  linim     up  by  the  new-formed  or  old  connec- 

of  the  air  vainlea  of  the  luDcs-     TbepKuieDt       .  ■         . .  n  i-        r  •        .i_ 

whieb  it  hu  mgat«d  la  eoai  dust  [mm  the     tive-tissus    cells    or   lie    free   in   the 

air.     Thelowercellaareleum^le..     One  hag       interStices  of  the  fibrfls.      ThU3  in  the 
taken  m  cocci,  the  other  bacilli.  i  i  i  i        i  .l       i  i_ 

lymph-nodea  and  along  the  lymph 
channels  masses  of  dense  fibrous  tissue  may  be  formed,  shutting  in  the 
foreign  material  and  compromising  in  varying  degrees,  sometimes  com- 
pletely destroying,  the  involved  structures  (see  p.  485). 

Similarly  bacteria,  which  are  also  foreign  bodies,  may  be  taken  up  by 
phagocytes  (Fig.  65)  and  destroyed  within  them  by  agencies  presently 
to  be  considered. 

If  a  mass  of  foreign  particles  be  placed  beneath  the  skin,  or  if  at  the 
seat  of  a  hemorrhage  insoluble  blood  pigment  is  formed  in  considerable 
amount,  a  similar  process  may  be  obser\'ed.  The  pigment  is  more  or 
less  taken  up  by  leucocytes  or  other  phagocytic  cells  which  have  wan- 
dered in.  A  certain  amount  of  fluid  exudate  may  collect.  New  cells  are 
formed  from  the  old  connective-tissue  cells  and  from  endothelium,  and 
new  fibrillar  stroma  is  formed  which  becomes  dense  and  assumes  the 
character  of  cicatricial  tissue.  In  these  changes  the  new-formed  cells, 
as  well  as  the  leucocytes,  are  capable  of  moving  from  place  to  place, 
that  is,  may  become  wandering  cells.  We  have  then,  in  this  relatively 
simple  response  to  a  small  local  injury,  the  presence  of  fine  foreign 
particles,  a  definite  form  of  inflammation.  This  is  marked,  not  by  the 
phagocytosis,  but  by  the  presence  of  leucocytes  and  a  certain  amount  of 
fluid  exudate,  by  the  formation  of  new  cells,  and  the  production  of  new 
tissue. 

When  the  alien  material  out  of  place  in  the  living  tissue  is  in  the 
form  of  a  loose-textured  mass,  such  as  sponge,  fabrics,  jute,  catgut,  etc.. 
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or  is  a  blood-clot,  its  iatersticea  become  filled  with  fluid  exuded  from 
adjacent  blood-vessels,  with  leucocytes  which  wander  in,  and  with  new 
connective-tissue  cells  derived  from  the  surrounding  parts  and  from 
the  endothelium  of  neighboring  lymph-vessels.     Slender  blood-vessels 


Fio.  60.^ — Guj4T  Celu. 
le  border  of  «.  layer  of  irtmuUtbD  tinue  farmed  about  ■ 
fibroiu  tissue  which  is  being  absorbed- 


fonn  from  the  old  ones  near  by  and  penetrate  the  mass,  and  new  con- 
nective tissue  is  developed,  having  the  type  of  granulation  tissue  at 
first,  then  becoming  denser.  If  the  foreign  substances  are  capable  of 
solution,  as  is  the  case  in  the  fibrin  and  cells  of  a  blood-clot  or  of  catgut. 


proteolytic  enzymes '  furnished  by  the  leucocytes  or  other  cells  may 
dissolve  them ;  or  they  become  fragmented  and  the  fragments  are  taken 
up  by  phagocytic  cells.  These  may  be  dissolved  within  these  cells  or 
may  be  transported  to  other  parts  of  the  body.     Thus  in  the  case  of 

>  Sec  WMt  p.  103. 
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soluble  material  this  may  at  length  be  entirely  removed  and  its  place 
taken  by  the  new  tissue  which  gradually  assumee  the  character  of 
cicatricial  tissue. 

If  the  foreign  substance  be  insoluble  or  largely  so,  as  in  the  case  of 
bullets,  needles,  hair,  cotton,  sponge,  etc.,  the  new  cells  gather  about 
the  objects;  there  are  often  giant  cells  among  them  (Fig.  66),  and  new 
blood-vessels  develop  among  these,  leading  to  the  formation  of  new 
connective  tissue  which  may  completely  invest  them  (Fig.  67),  forming 
at  last  a  dense  connective-tissue  capsule.  In  this  condition  such  foreign 
objects  may  remain  for  long  periods  embedded  in  the  body.     If  the 


Fio.  OB.— Giant  Cells  and  Nbw-toiuibd  Ftbrodb  Tiuue  around  a  Fohiioh  Boot— CorroN  FiBaiB. 


masses  of  foreign  bodies  are  small,  so  that  the  local  reaction  is  limited 
and  circumscribed,  the  new  tissue  often  in  a  general  way  resembles  a 
tubercle  {Fig.  68).  Thus  these  new  foreign-body  tissue  masses  are 
sometimes  called  "foreign-body  tubercles." 

Giant  Cells. — When  foreign  objects  of  considerable  size — such  as 
hair,  cotton  fibres,  sponges,  and  various  more  solid  things — get  into  the 
living  body,  particularly  if  these  be  insoluble,  in  addition  to  the  leuco- 
cytes and  the  new  connective-tissue  cells,  there  often  form  close  about 
them  large  multinuclear  cells  called  giant  cells  (Fig,  69).  These  are 
sometimes  of  extraordinary  size  and  may  have  several  score,  even 
hundreds,  of  nuclei.     They  are  apparently  formed  either  by  the  coales- 
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cence  of  new-formed  cells  derived  from  the  connective-tisaue  cells  or 
from  old  endothelium,  or  by  the  continuous  division  of  the  nuclei  of  a 
cell  whose  body  continues  to  enlarge  without  dividing  into  separate 
cells.'  These  giant  cells  seem  to  be  concerned  in  the  attempt  to  dis- 
solve the  foreign  substance  and  appear  to  have  their  prototypes  in  the 
multinuclear  cells  called  osteoclasts  (Fig.  70)  whch  are  concerned  in  the 
physiological  absorption  of  bone  during  its  development. 

The  Disposal  of  Dead  Tissues. — The  changes  which  we  have  now 
studied,  through  which  alien  substances  are  either  removed  from  the 
body  or  are  rendered  relatively  harmless  by  processes  which  we  must 
regard  as  belonging  to  inflammation,  are  similar  to  those  by  which  the 
body  responds  to  the  injury  of  dead  portions  of  its  own  tissue. 


Thus,  infarcts  resulting  from  emboli,  areas  of  tissue  which  have 
become  necrotic  from  poisons  or  toxins,  thrombi  or  masses  of  fibrinous 
exudate  in  the  solid  tissues  or  in  the  great  serous  cavities,  are  all  virtu- 
ally alien  substances,  and  are  harmful  in  various  ways  as  foreign  bodies 
are,  and  incite  similar  inflammatory  phenomena.  They  may  be  in  part 
removed  by  solution  through  the  proteolytic  enzymes,'  or  by  phago- 
cytosis; they  may  attract  leucocytes  (Fig.  71);  they  may  lead  to  the 
proliferation  of  connective  tissue  and  endothelial  cells  and  of  blood 
vessels  which  penetrate  them  and  form  new  tissue  which  finally  replaces 
or  encapsulates  them.  The  so-called  organization  of  a  thrombus  or  of  a 
pleural  or  pericardial  or  peritoneal  exudate  is  not,  as  we  have  already  seen, 
directly  brought  about  by  the  aid  of  the  structural  or  other  elements  in 
either  the  thrombus  or  the  exudate.  These  are  passive,  except  as  they 
may  aid  in  their  own  solution  by  autolytic  substances  which  they  furnish, 
while  the  new  tissue  is  formed  from  neighboring  cells  and  vessels. 

Fonns  of  Phagocytes. — There  appear  to  be  two  most  common  forms 
of  phagocytes  in  foci  of  acute  exudative  inflammations.     First,  and 

>  Gbut  «eUa  may  be  formed  fn>m  epithelium  uniler  eerlsio  ooaditioaa.  For  ■  study  of  (isnt  cellt^ 
with  biblidcnphy.  coiuult  Hekloen.  Jour.  Exp.  Med.,  vol.  iii..  p.  21:  Furril.  Ziegler'a  BcitrUe,  Bd. 
lOiT.,  p.  440:  sod  Buxton.  "  Studia  from  Department  of  Patholocy.  Cornell  Univenity,"  vol.  i. 

'  See  Wttit,  Jour.  Hed.  Researcb,  vol.  iv.,  p.  119,  1900.  bibl. 
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usually  the  most  abundant,  are  the  polymorphonuclear  leucocytes — 
the  ceils  containing  neutrophile  granules  which  so  readily  escape  from 
injured  vessels.  The  other  type  of  the  two  more  common  phagocytic 
cells  is  usually  larger  than  the  polymorphonuclears  and  has  a  single. 


Fio.  70. — Obtxocl 


relatively  large,  rounded  or  irregular  shaped  nucleus.  These  mono- 
nuclear phagocytes  of  the  second  type  are  probably  derived  from  con- 
nective tissue  or  endothelial  and  mesothelial  cells  or  from  lymphocytes, 
and  have  been  called  by  Metchnikoff  macrophages,  while  the  smaller 
polymorphonuclear  phagocytes  are  called  microphages. 


Fig.  71.— Fbaqmin 


While  the  performances  of  these  two  types  of  cells  are  not  fully  under- 
stood, it  appears  that  the  macrophages  are  especially  concerned  in  the 
disposal  of  various  proteid  and  other  formed  elements  which  they  ingest, 
such  as  fragments  of  fibrin  and  tissue  detritus,  dead  parenchyma  cells 
of  organs,  red  and  white  blood  cells,  etc. 
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On  the  other  hand,  the  polymorphonuclear  leucocytes — microphages 
-are  drawn  to  and  ingest  and  destroy  various  kinds  of  micro-organisms, 


esi>ecially  the  bacteria.* 

While  we  have  thus  far  considered  certain  special  cells,  leucocytes, 
lymphocytes,  and  derivations  of  connective-tissue  and  endothelial  cells, 
as  the  most  common  phagocytic  cells  in  inflammation  and  repair  of 
tissues,  we  should  not  lose  sight  of  the  fact  that  other  types  of  cells  are 
also  capable  of  assuming  this  r6le.  Thus  the  epithelium  of  the  mucous 
membranes  of  the  air  vesicles  of  the  lungs,  of  the  liver,  kidney,  and  other 
organs,  frequently  and  under  the  most  varied  conditions  ingest  particles 
of  foreign  material. 

The  Mode  of  Action  of  Phagocytes. — As  to  the  processes  by  which  the 
phagocytic  cells  convert  into  soluble  and  other  forms  the  substances 
which  they  ingest  there  is  still  some  difference  of  opinion,  though  the 
so-called  intracellular  digestion  and  the  autodigestion  of  tissues  have 
been  the  subject  of  much  painstaking  research. 

Recent  studies  by  Opie'  indicate  that  each  of  the  two  types  of 
phagocytes  above  designated  is  characterized  by  a  distinct  proteolytic 
enzyme  through  which  its  destruction  of  organic  substances  is  effected. 
The  enzyme  of  the  polymorphonuclear  leucocytes  is  capable  of  proteo- 
lytic digestion  in  the  presence  of  a  neutral  or  alkaline  reaction,  but  not 
in  an  acid  medium.  This  enzyme  Opie  calls  lenco-protease.  The  larger 
mononuclear  cells,  on  the  other  hand,  the  "macrophages"  or  "macro- 
cytes,"  which  appear  to  be  especially  concerned  with  the  ingestion  and 
destruction  of  cellular  and  other  formed  elements,  contain  an  enzyme 
active  in  the  presence  of  a  weak  acid,  but  inactive  in  an  alkaline,  medium. 
This  enzyme  is  called  lympho-protease  by  Opie. 

Blood  serum,  according  to  Opie,  inhibits  the  action  of  leuco-protease, 
and  lympho-protease  is  not  active  in  an  alkaline  medium.  Hence,  the 
living  tissues  of  the  body  are  not  digested  by  the  leuco-protease,  which  is 
active  only  within  the  bodies  of  the  microcytes,  where  it  is  free  from  the 
inhibiting  action  of  the  serum,  while  the  alkalinity  of  the  blood  plasma 
protects  the  tissues  from  the  action  of  the  lympho-protease.  It  is 
apparently  the  action  of  these  proteolytic  ferments,  present  in  consider- 
able quantities  either  within  or  without  the  cells  or  both,  in  foci  of  exu- 
dative inflammation,  which  leads  to  the  softening  of  tissue  which  char- 
acterizes abscesses  and  which,  in  part  at  least,  brings  about  the  more 
gradual  solution  of  necrotic  tissues,  fibrin,  etc. ' 

The  action  of  micro-organisms,  especially  the  bacteria,  as  incitants 
of  inflammation  through  the  injury  which  they  cause,  and  the  ways  in 
which  the  body  reacts  to  and  disposes  of  them,  through  the  action  of 
phagocytes  or  otherwise,  will  be  considered  later  under  the  heading  of 
Infectious  Diseases.* 

1  For  a  consideration  of  the  ways  in  which  bacteria  are  destroyed  by  leucocytes,  see  pp.  161  and 
178.     See  also  ref.  to  Buxlon  and  Torrey^  foot-note,  p.  99. 

'  Opie^  Jour.  Exper.  Medicine,  vol.  viii.,  1906,  pp.  410  and  536. 

»Seo  ref.  WelU,  p.  103;  also  ref.  to  Levene,  ''Autolysis,"  p.  107. 

*  For  a  consideration  of  Ehrlich's  h3rpothe8is  as  to  the  way  in  which  bactena  are  destroyed  in  the 
body  see  p.  176. 
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It  should  be  borne  in  mind,  in  considering  the  varied  and  complex 
performances  of  phagocytic  cells  under  abnormal  conditions,  that  these 
are  only  the  manifestation  in  exaggerated  form  in  the  presence  of  emer- 
gencies of  physiological  capacities  of  many  kinds  of  cells.  To  Metchnikoff 
especially  we  owe  our  knowledge  of  the  phagocytic  powers  of  cells  in 
general.  In  such  lowly  organisms  as  amoeba  and  in  many  other  cells 
throughout  the  animal  kingdom  he  has  shown  that  through  ingestion  and 
intracellular  digestion  cells  not  only  are  nourished  but  protect  them- 
selves against  harmful  agents  and  influences.^ 

Autolysis. — All  the  manifestations  of  cell  life  are  brought  about  by 
the  breaking  down  or  disintegration  of  chemical  substances  in  the  cyto- 
plasm by  processes  akin  to  those  of  combustion.  It  has  long  been 
believed  that  this  was  exclusively  a  property  of  living  matter.  But  it 
has  recently  become  known  that  dead  cells  also  under  certain  conditions 
have  the  power  of  self-disintegration.  This  is  called  autolysis.  It 
takes  place  in  the  absence  of  micro-organisms  through  the  action  of 
which  organic  material  is  decomposed  in  jbhe  commoner  processes  of 
putrefaction.  Thus  portions  of  fresh  organs  removed  from  the  body 
with  the  avoidance  of  bacterial  contamination,  that  is,  in  a  sterile  con- 
dition, if  immersed  in  chloroform  water,  or  toluol,  or  other  substances 
which  do  not  cause  alterations  of  the  tissue  but  do  prevent  the  growth 
of  micro-organisms,  and  kept  at  about  body  temperature,  undergo 
gradual  softening.  This  softening  is  accompanied  by  definite  struc- 
tural changes  in  the  cells.  The  nuclear  chromatin  disintegrates  or  goes 
into  solution;  the  cytoplasm  degenerates,  chemical  analysis  showing 
products  of  the  disintegration  of  proteid  substances.  The  changes  are 
analogous  with  those  taking  place  in  organic  material,  cells,  etc.,  under 
the  influence  of  the  digestive  enzymes,  pepsin  and  trypsin,  but  are  due 
not  to  these  but  to  other  enzymes  belonging  to  the  cells  themselves  (see 
p.  105.) 

It  appears,  for  reasons  into  which  we  cannot  enter  herie,  that  the 
proteolytic  enzymes  active  in  the  autolysis  of  dead  tissues  are  present  in 
the  living  body  and  are  probably  concerned  among  other  things  in  the 
gradual  removal  of  dead  and  enfeebled  structures  as  these  become 
defective,  useless,  or  harmful.  It  has  been  shown  that  the  vigorous; 
living  cells,  in  spite  of  their  autolytic  powers,  probably  maintain  their 
integrity  through  the  presence  in  the  body-fluids  of  substances  antago 
nistio  to  the  autolytic  enzymes.  Thus  it  appears  that  under  norma 
conditions  a  very  nice  balance  exists  between  the  autolytic  enzymes 
and  antagonistic  substances  within  the  body.  Under  a  variety  of 
abnormal  conditions,  such  as  diseases  of  the  respiratory  and  circulatory 
systems,  phosphorus  poisoning,  and,  as  has  been  shown  by  Flexner,'  in 
infectious  diseases,  autolysis  may  be  in  a  marked  degree  exalted. 

It  is  probable  that  the  autolytic  substances  in  the  living  body  are 
important  not  only  in  disposing  of  damaged  or  dead  or  harmful  tissues, 

^  See  Metchnikoff,  "Comparative  Pathology  of  Inflammation,"  English  trans.,  1893;  and  *'Iiiunu> 
aity  in  Infective  Diseases,"  1905.     Cionsult  abo  p.  196. 

'  Flexner,  Trans.  Assn.  Amer.  Phys.,  vol.  xviii.,  p.  359,  1903. 
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but  also  in  the  protection  of  the  body  against  invading  micro-organisms 
through  their  destruction — see  immunity  and  bacteriolysis,  pages  160 
and  173;  or  by  their  share  in  the  elaboration  of  substances  which  an- 
tagonize the  action  of  their  toxins — see  antitoxins,  page  163.* 

Survey  of  the  Inflammatory  Process  and  its  Significance. 

Inflammation  a  Modification  of  Physiological  Processes,  —  If  now, 
from  the  vantage-ground  which  we  have  won  by  our  study  of  various 
typical  phases  of  inflammation,  we  seek  to  gain  an  insight  into  the 
forces  which  dominate  the  varied  processes,  we  note  at  once  that  from 
first  to  last  the  cell  and  tissue  performances  in  inflammation,  however 
exaggerated  or  perverted,  are  only  the  expression  of  physiological 
capacities  which  belong  to  the  structures  involved.  Thus  the  contrac- 
tions and  dilatations  of  the  vessels  are  paralleled  in  health.  The  exuding 
of  fluids  through  their  walls  occurs  by  processes  akin  to  those  by  which 
blood  pressure,  osmosis,  and  selective  filtration  in  endothelial  cells  main- 
tain the  initial  circulation  into  and  through  the  tissue  spaces.  Emigra- 
tion is  a  physiological  process  which  we  find  excessive  here,  because  there 
are  structural  alterations  in  the  walls  of  the  vessels  which  permit  a  freer 
exit  of  the  cells,  and  because  there  are  also  present  new  and  active 
chemical  agents  which,  just  as  in  normal  conditions  though  in  exagger- 
ated fashion,  excite  and  control  the  movement  and  direction  of  the  leuco- 
C3rtes.  The  healing  processes,  complex  as  they  seem  to  be,  are  actually 
but  a  rehearsal  under  the  unusual  and  often  difficult  conditions  of  cell  and 
tissue  formation,  which  is  characteristic  of  the  normal  period  of  develop- 
ment. Phagocytosis  is  a  factor  of  the  greatest  importance  in  the  normal 
as  well  as  in  these  abnormal  performances  of  the  body  cells. 

The  degenerative  phenomena,  among  which  must  be  reckoned  the 
formation  of  fibrin,  are,  as  we  have  seen,  incidental  rather  than  primary 
factors  in  inflammation. 

Thus  in  all  the  manifold  manifestations  of  abnormal  cell  performance 
in  inflammation  we  find  no  new  functions,  no  new  cell  capacities. 

The  Significance  of  Inflammation, — We  are  now  brought  face  to  face 
with  the  final  question:  What  does  inflammation  mean? 

In  those  phases  which  involve  the  repair  of  wounds  and  the  regener- 
ation of  lost  tissues  it  is  not  difficult  to  recognize  conservative  and  bene- 
ficial processes.  But  how  is  it  with  those  phases  of  inflammation  in 
which  the  blood-vessels  are  largely  involved  and  exudates  formed — 
serum,  fibrin,  and  pus?  Are  we  to  be  contented  here  with  a  simple 
summary  of  the  phenomena  and  with  the  recognition  that  these  are  the 
results  of  exaggerated  or  physiological  cell  and  tissue  performances  in 
the  face  of  injury?  Or,  on  the  other  hand,  is  there  reason  for  the  belief 
that  these  abnormal  manifestations  of  cell  life  in  the  presence  of  an 
unusual  and  deleterious  environment  may,  after  all,  be  in  the  main  con- 

'  For  an  interesting  r49umi  of  autolysis  with  bibl.  see  Levenet  Jour.  Amer.  Med.  Assn.,  vol.  xlvi, 
pp.  774  and  864, 1906.  For  a  fuller  consideration  of  the  subjects  dealt  with  in  this  chapter  consult  the 
Coieral  pathology,  "Les  Processus  G6n6raux"  of  CharUemesse  and  Podwyaaotaky,  1901,  or  Welia 
'Chemical  Pathology."  2d  edition,  1914. 
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servative  in  their  nature,  and,  even  as  normal  cell  functions  do,  tend — 
within  the  limitations  of  an  emergency — to  the  welfare  of  the  individual? 

The  Rdle  of  the  Exudates, — In  the  hope  of  gaining  some  light  upon  this 
question  let  us  look  a  little  more  closely  at  the  part  which  the  exudates 
play  in  exudative  inflammation;  and  first  at  the  leucocytes. 

The  Leucocytes. — It  was  through  the  painstaking  and  brilliant  studies 
of  MetchnikoflF^  that  attention  was  directed  to  the  importance  in  this 
connection  of  comparative  studies  upon  the  comportment  of  lower  forms 
of  life  in  response  to  injury. 

It  was  found  that  amoeba,  one  of  the  simplest  of  organisms,  when  cut 
in  two  may  undergo  complete  restitution  of  the  part  containing  the 
nucleus,  provided  the  latter  be  uninjured.  The  remaining  portion  may 
live  for  a  time,  but  ultimately  dies.  Furthermore,  it  was  found  that 
amoeba  and  other  lowly  forms  of  living  beings  are  capable,  by  the  use  of 
their  simple  digestive  processes,  of  destroying  micro-organisms  which  are 
taken  into  their  interior  and  which  might  otherwise  damage  or  kill  them. 
Thus  it  was  established  that  the  digestive  mechanism  may  become  pro- 
tective in  lowly  organized  cells. 

Rising  in  the  scale  of  living  beings,  it  is  found  that  in  forms  in  which 
considerable  differentiation  of  some  of  the  cells  has  taken  place,  whether 
there  be  a  distinct  circulatory  apparatus  or  not,  certain  other  cells  are 
left  in  a  more  primitive  state:  these  are  phagocytic  and  can  ingest  or 
otherwise  destroy  deleterious  material. 

When  we  come  to  man  and  other  warm-blooded  animals,  it  is  upon 
the  leucocytes  which  have  retained  so  many  of  the  capacities  of  undiffer- 
entiated protoplasm  that  attention  is  especially  concentrated.  It  has 
been  found,  as  we  have  already  seen,  that  the  movement  of  leucocytes 
may  be  directed  toward  (sometimes  iProm)  chemical  substances  set  free 
in  their  vicinity.  This  chemotaxis  is  frequently  manifested  in  the 
vicinity  of  dead  cells  or  tissues  which  are  the  seat  of  destructive  metab- 
olism. But  it  is  especially  in  relation  to  micro-organisms  of  various 
forms  that  chemotaxis  in  the  leucocytes  is  of  the  highest  significance  to 
us  here. 

Highly  virulent  micro-organisms  may  for  a  time  repel  the  leucocytes, 
probably  through  negative  chemotaxis,  but  these  may  later  approach. 
On  the  other  hand,  leucocytes  most  often  migrate  toward  bacteria 
which  have  gained  entrance  to  the  body.  It  has  been  proven  that 
leucocytes,  especially  the  polynuclear  neutrophiles,  and  frequently  large 
mononuclear  forms,  may  take  into  their  interior  and  destroy  living 
bacteria.  Dead  bacteria  also,  as  well  as  other  inert  material,  they  can 
engulf  and  destroy. 

The  Body  Fluids. — This  capacity  of  leucocytes  and  other  mesodermal 
cells — endothelia,  etc. — to  take  up  living  bacteria  and  kill  and  digest 
them  was  persistently  and  ably  urged  by  Metchnikoff  and  his  pupils  as 
the  chief  protective  agency  in  the  body  against  bacterial  incursions,  and 
to  these  observers  all  the  other  phenomena  of  inflammation  formerly 
seemed  of  secondary  importance.     But  it  was  soon  shown  that  this  ex- 

^  Metchnikoff,  "Comparative  Pathology  of  Inflammation,"  £ng.  trans.,  1893. 
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treme  view  is  not  correct.  For  it  was  demonstrated  by  many  observers 
that  the  body  fluids,  especially  blood  serum,  are  capable  of  killing 
bacteria  with  which  they  come  in  contact.  When,  however,  this  remark- 
able quality  of  the  body  fluids  was  investigated,  it  was  found  that  it  is 
most  pronounced  under  conditions  which  involve  the  breaking-down  of 
leucocytes  or  the  liberation  of  the  destructive  substances  into  the  fluids. 
It  was  possible  now  to  demonstrate  that  the  leucocytes  do,  in  fact,  contain 
a  germicidal  proteid  substance  or  substances.  These  substances,  which 
appear  to  be  closely  associated  with  or  related  to  nucleinic  acid,  have 
been  called  "alexines''  or  "protective  proteids."  ^  It  has  been  further 
demonstrated  that  while  the  eosinophile  cells  may  move  toward  bacteria, 
they  are  not  phagocytic,  but  may  set  free  granules  which  appear  to  favor 
the  destruction  of  the  germs. 

It  thus  appears  that  the  earlier  view  of  the  almost  exclusive  impor- 
tance of  phagocytosis  is  not  sustained,  but  that  even  more  than  in  the 
action  of  living  phagocytes  the  protective  agencies  are  to  be  sought  in 
the  body  fluids.  But  it  is  also  clear  that  the  protective  capacities  of  the 
body  fluids  are  the  result  of  cell  activities,  as  indeed  might  have  been 
inferred  in  advance  of  the  long  line  of  careful  experiments  which  finally 
led  to  the  demonstration. 

The  importance  of  this  protective  power  of  the  body  cells  and  body 
fluids  is  not  exhausted  with  their  germicidal  action.  For  not  less  sig- 
nificant is  the  r6le  which  these  may  assume  in  the  establishment  of  other 
phases  of  immunity  to  the  incursion  of  micro-organisms.  This  will  be  con- 
sidered later  in  the  general  survey  of  the  infectious  maladies  (page  160). 
If  now  one  seek  for  ways  in  which  the  other  exudates,  serum,  and 
fibrin  may  be  useful  to  the  individual,  it  is  obvious  that  in  the  dilution 
of  locally  engendered  poisons  and  in  their  removal  from  a  vulnerable 
region  the  fluid  may  at  times  be  beneficial.  Fibrin,  too,  by  closing 
inflammatory  foci,  through  temporary  adhesions,  or  by  the  sealing  of 
absorbent  surfaces,  may  limit  the  extension  of  injurious  agents,  as  is  so 
frequently  the  case  in  local  infectious  injuries  in  the  peritoneal  and 
pleural  cavities.  That  the  regeneration  and  repair  of  tissue  which  may 
be  associated  with  or  follow  the  more  active  phases  of  inflammation  are, 
as  a  rule,  beneficent,  is  not  doubtful. 

There  is,  of  course,  another  side  to  the  matter.  For  new  cicatricial 
tissues  which  have  formed  in  the  process  of  repair  may  be  so  situated  as 
to  caiise  serious  impairment  of  functional  performance  or  even  fatal 
strictures.  The  gathering  of  leucocytes,  too,  may  be  so  excessive  and 
their  proliferation  so  extreme  as  to  lead  to  delayed  healing  or  to  serious 
exhaustion  from  suppuration.  But  notwithstanding  these  irregularities 
and  failures  there  seems  to  be  good  reason  for  the  belief  that,  on  the  whole, 
the  processes  involved  in  inflammation  are  conservative,  and,  within  the 
limitations  which  may  be  set  by  the  varied  and  changing  conditions  of 
injury,  tend  to  maintain  the  welfare  and  sustain  the  life  of  the  individual. 

*  For  further  oonaideration  of  this  subject  see  p.  160. 
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CHARACTERIZATION  OF  THE  INFLAMliATORY  PROCESS. 

The  general  conception  of  inflammation  which  we  have  just  set  forth 
looks  beyond  the  gross  manifestations  of  disordered  function  and  altered 
structure,  by  which  it  was  originally  marked,  and  beyond  the  complex 
and  varied  expressions  of  aberrant  cell  activities,  with  which  our  later 
science  has  mostly  dealt,  to  the  fundamental  qualities  of  living  substance. 
And  thus  at  last,  with  the  heart  of  the  subject  in  view,  a  characterization 
of  inflammation  becomes  possible  which  is  suggestive  and  useful,  though 
it  may  not  indeed  be  final.  Perhaps  among  many  such  characterizations, 
that  of  Adami  ^  is  on  the  whole  the  most  clear  and  precise,  and  with  him 
we  may  at  present  wisely  consider  inflammation  as  "  the  local  attempt  at 
the  repair  of  injury.''  The  fundamental  conception  upon  which  this 
characterization  is  based  is  that  inflammation  is  an  emergency  measure 
incited  by  injury,  in  which  the  body  adapts  to  unusual  ends  as  best  it  can 
mechanisms  and  powers  normally  maintained  for  other  purposes. 

This  view  of  inflammation,  however  much  it  may  be  modified  as  our 
knowledge  grows,  recognizes  a  far-reaching  significance  in  the  complex 
processes  involved.  And  while  throwing  light  upon  the  practical  prob- 
lems of  the  physician,  it  points  the  way  to  a  broader  conception  of  other 
abnormal  conditions  in  which  also  the  adaptation  of  physiological  cell 
capacities  to  new  conditions  seems  to  furnish  a  clew  to  many  manifesta- 
tions of  disease  as  yet  but  little  understood.' 

Now  that  we  have  gained  a  conception  of  the  inflammatory  processes 
in  general  and  some  suggestions  as  to  their  significance,  it  does  not  seem 
necessary  to  enter  here  upon  a  detailed  description  of  the  variations 
which  they  present,  since  these  are  largely  influenced  by  the  character 
of  the  inciting  agents  and  by  the  situation  in  which  they  act.  Such 
details  as  may  fall  within  the  scope  of  this  work  are  given  in  the  section 
dealing  with  micro-organisms  as  inciting  factors  in  disease,  and  in  the 
part  dealing  with  the  lesions  of  special  organs.' 


The  Experimental  Study  of  Resorption  of  Foreign  Material,  Phagocytes,  etc.,  in 

Inflammation. 

Aside  from  clinical  material  illustrating  the  healing  of  wounds  and  various  phases 
of  repair  from  the  lower  animals,  by  very  simple  operations,  to  be  done  with  local  or 
general  ansesthesia,  one  may  obtain  many  valuable  series  of  demonstrative  lesions. 

^  For  a  fuller  consideration  of  inflammation  from  the  point  of  view  which  in  general  is  here  adopted, 
one  may  consult  the  excellent  article  on  "Inflammation"  by  Adamt  in  AUbutt's  "System of  Medicine." 
vol.  i.,  p.  54. 

In  ThonUi*8  work  on  "General  Pathology,"  vol.  i.,  is  a  clear  exposition  of  the  various  prooesses 
concerned  in  inflammation,  with  a  fuller  recognition  than  is  commonly  accorded  to  them  of  the  mechani- 
cal factors  involved.     In  both  of  these  works  the  more  important  bibliography  may  be  found. 

For  bibliography  and  critical  risumi  of  studies  on  pathological  oiganization,  inflammation,  etc., 
see  Borat,  Lubarsch  and  Ostertag's  Eigebntsse,  Jahig.  iv.,  for  1897,  p.  461.  See  also  references  imder 
Regeneration,  page  79,  and  under  Tumors,  page  351. 

^  Consult,  for  a  clear  and  comprehensive  view  of  adaptation  in  pathological  processes,  Wdeh, 
Transactions  of  the  Congress  of  American  Physicians,  voL  iv.,  p.  284,  1897. 

*  For  a  systematic  and  extensive  r48um4  of  inflammatory  phenomena,  phagocytosis,  chemotaxis, 
emigration,  diapedesis,  protoplasmic  poisons  and  irritants,  the  nature  of  exudates,  and  the  general 
physical  chemistry  of  the  cell,  with  extensive  bibl.,  see  Heiru,  "  Handbuch  d.  exp.  Path.  u.  Pharmakol.," 
1904,  Bd.  L 
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Phagocytes. — The  injection  of  1  per  cent,  agar — such  as  is  used  for  bacterial 
cultures,  which  fluidifies  at  about  40^  C.  and  becomes  semisolid  on  cooling — into  the 
anterior  chamber  of  the  eye  or  into  the  subcutaneous  tissue  of  the  rabbit  gives  most 
instructive  pictures  of  absorption  and  phagocytosis.  Phagocytes  of  connective- tissue 
origin  bring  about  the  solution  of  the  mass  and  permeate  it.  If  the  agar  be  colored  with 
Berlin  blue  in  the  form  used  for  blood-vessel-injection  masses,  the  phagocytes  may 
become  more  or  less  filled  with  the  blue  granules  as  absorption  proceeds.  In  the 
absorption  from  the  anterior  chamber  in  dark-colored  rabbits  the  origin  of  the 
phagocytes  in  the  iris  is  revealed  by  their  pigmented  character.  Giant  cells  are  often 
formed  in  this  process,  aiding  in  the  resorption. 

The  action  of  phagocytes  in  disposing  of  foreign  material  in  the  lungs  may  be 
seen  by  making  intratracheal  injections  of  a  watery  emulsion  of  lampblack  or  finely 
powdered  charcoal  in  rabbits.  The  pigment  particles  will  be  found  both  free  and 
within  epithelial  phagocytes  in  the  air  vesicles  within  a  few  days.  The  animal  should 
be  sacrificed  and  the  lungs  filled  with  formalin  solution  or  alcohol  through  the 
trachea  (see  p.  1010),  after  which  the  tissue  is  embedded  and  sectioned. 

Very  instructive  studies  may  be  made  of  the  disposal  of  insoluble  foreign  bodies 
by  the  implanting  of  small  fragments  of  cotton,  jute,  elder  pith,  etc.,  beneath  the  skin, 
and  their  removal  after  varying  intervals.* 

Practical  Study  of  Exudative  Inflammation  on  the  Living  Frog. 

In  the  study  of  exudative  inflammation  it  is  of  the  highest  value  to  see  the  phe- 
nomena of  emigration,  diapedesis,  etc.,  on  the  living  animal.  The  curarized  frog  is 
best  adapted  for  this  purpose,'  and  either  the  mesentery  or  the  bladder  affords  much 
clearer  pictures  than  the  tongue  or  the  web,  which  are  sometimes  recommended. 

The  Mesentery. — In  a  fully  curarized  frog  an  incision  is  made  through  the  skin 
along  the  abdomen  in  the  axillary  line,  care  being  taken  to  avoid  or  ligate  a  large  vein 
which  usually  crosses  the  line  of  incision.  The  abdominal  wall  is  then  cut  through  in 
the  same  line,  and  a  loop  of  small  intestine  drawn  out,  care  being  taken  to  bring  out 
only  as  much  as  may  be  necessary  to  expose  over  the  glass  window  of  Thoma's  frog 
plate'  (see  Fig.  72)  a  small  area  of  mesentery.  The  loop  may  be  fixed  by  short  pins 
passed  through  the  superficial  layers  of  the  intestine  into  strips  of  cork  which  are 
crowded  in  beside  the  raised  glass  window.  The  exposed  loop  should  be  irrigated  with 
three-fourths-per-cent  salt  solution  which  may  be  made  to  trickle  over  the  part  from  a 
reservoir  through  a  glass  cannula  held  by  the  cannula-holder  (see  Fig.  72).  Peristal- 
tic movements  of  the  intestine  sometimes  cause  the  field  of  observation  to  shift  and 
stasis  may  occur  if  the  loop  be  drawn  too  tightly.  But  through  a  little  attention  to 
adjustment  from  time  to  time  difficulties  may  be  reduced  to  a  minimum.  For  long 
observations  a  cover-glass  may  be  laid  upon  the  loop  under  which  the  irrigation 
proceeds. 

In  this  way  observations  may  be  made  on  arteries,  capillaries,  and  veins,  extending 
over  several  hours.     Long  focal  distance,  high-power  lenses  may  be  used. 

The  Bladder. — The  bladder  of  the  frog  is  a  bilobed  organ  opening  into  a  cloaca 
just  within  the  anus  and  common  to  it  and  the  intestine.  To  expose  the  bladder  an 
incision  is  made  in  the  axillary  line  along  the  lower  half  of  the  abdomen,  including  the 
skin  and  the  abdominal  wall.  The  bladder  frequently  prolapses  at  once  to  a  moderate 
extent  through  this  opening.     Now  a  glass  cannula  is  made  with  a  tapering  tip  with  the 

1  For  a  full  exposition  of  methods  of  experimental  pathology  relating  to  inflammation  see  Heinz ^ 
"Haadbuch  d.  exp.  Path.  u.  Pharmak.,"  Bd.  i.,  Th.  i.,  p.  255,  1904. 

For  many  suggestive  studies  in  phagocytosis  see  Metchnikoff^a  "Immunity  in  Infectious  Diseases." 
Coomilt.  for  the  technique  of  studies  on  absorption  from  the  peritoneum,  Buxton  and  Torrey^  Jour, 
lied.  Res.,  vol.  xv.,  p.  5,  1906. 

<  For  the  use  of  curare  see  p.  34. 

*  Thoma's  frog  plates  are  of  three  forms,  adapted  for  the  study  of  the  tongue,  the  mesentery,  and 
the  bladder  or  lung.  They  are  plates  of  brass  covered  with  hard  rubber  in  which  glass  windows  are 
set  so  that  when  put  on  the  stage  of  the  microscope  the  light  passes  up  through  the  exposed  organ  to 
the  eye.  They  are  provided  with  cannula-holders  for  irrigation  with  physiological  salt  solution  and 
with  pipes  for  carrying  away  the  waste  irrigation  fluid.     The  three  forms  of  plate  are  shown  in  Fig.  72. 


INFLAMMATION 


Fia.  72.— THoii*'a  Froci  Putes. 
ir  p1at«  is  adapted  to  the  study  of  tbe  circulatioD  la  the  meflcntcry.     The  middls  plate  ia  lof 
the  bladder  nod  luns-     The  lower  plate  is  for  tbe  lonsue. 
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tip  for  about  half  an  inch  bent  to  an  angle  of  about  45°  to  the  axis  of  the  tube.  The 
tube  should  be  large  enough  to  pass  the  anal  orifice  with  difficulty  except  at  the  tip 
and  along  the  bent  portion. 

A  thread  is  now  passed  through  the  skin  just  behind  the  anus,  the  ends  being 
left  free.  The  cannula  and  a  short  length  of  flexible  rubber  tubing  slipped  over  the 
larger  end  are  filled  with  three-quarter-per-cent.  salt  solution,  this  being  retained  by 
a  clip  on  the  tube.  The  bent  point  of  the  cannula  is  now  inserted  into  the  cloaca  and 
its  tip  carried  forward  into  the  base  of  the  bladder  and  fastened  in  place  by  the  thread. 
The  frog  is  laid  on  its  back  on  the  Thoma  plate  adapted  to  the  bladder  and  lung  (Fig. 
72).  The  rubber  tube  is  attached  to  a  slightly  raised  flask  so  that  the  salt  will  siphon 
into  the  bladder  under  a  very  low  pressure.  Now  if  the  clip  be  released  the  bladder 
will  appear  in  the  opening  of  the  abdomen  and  will  be  pressed  out  as  a  transparent  bag 
by  the  salt  solution  over  the  glass  window  in  the  plate.  Great  care  should  be  taken 
to  avoid  more  distention  of  the  bladder  than  is  necessary  to  keep  it  spread  over  the 
glass,  since  the  circulation  is  very  easily  disturbed  or  interrupted.  A  cover-glass  may 
be  laid  upon  the  bladder  or  held  in  place  over  and  touching  it  by  an  upright  attached 
to  the  plate  for  this  purpose,  and  irrigation  with  salt  solution  started  and  maintained. 
If  the  circulation  is  compromised  one  should  see  that  the  base  of  the  extruded 
portion  of  bladder  is  not  pressed  upon  by  the  abdominal  walls;  that  it  is  not  overfilled 
and  is  not  pressed  too  much  by  the  cover.  By  attending  to  those  points  in  a  frog  not 
over-curarized  one  may  maintain  the  circulation  for  hours.  Since  the  wall  of  the  blad- 
der is  very  thin,  consisting  of  little  else  than  the  almost  invisible  epithelial  lining,  a 
membranous  connective-tissue  wall  reinforced  here  and  there  by  slender  bundles  of 
smooth  muscle  cells,  and  the  blood-vessels,  one  secures  in  this  organ  pictures  of  the 
blood-vessels  of  incomparable  clearness  and  may  study  the  minutest  phases  of  the 
circulation  and  its  disturbances,  emigration,  etc.  The  contraction  of  the  muscle 
bundles  brings  about  occasional  shifting  of  the  field,  but  this  is  not  usually  a  serious 
drawback  to  continuous  observation  even  with  high-power  lenses. 

On  the  whole,  though  slightly  more  difficult  to  prepare,  the  bladder  is  to  be  pre- 
ferred to  the  mesentry  for  studies  on  the  minute  phenomena  of  emigration,  diapedc- 
sis,  hemorrhage,  etc.,  and  it  is  admirably  suited  to  the  study  of  the  local  effect  of  drugs, 
such  as  adrenalin,  on  the  circulation. 

In  neither  the  mesentery  nor  the  bladder  is  it  necessary  to  injure  the  organ  further 
than  is  inevitable  in  the  prehminary  operation  and  exposure,  in  order  to  incite  the 
inflammatory  phenomena  in  the  vessels.  In  both  organs  the  course  of  the  emigrated 
leucocytes  may  be  followed  through  the  interstices  of  the  tissues  after  they  have  left 
the  vessels.  It  is  most  instructive  after  the  observations  on  the  Uving  animal  are 
completed  to  pith  or  decapitate  the  frog,  fill  the  bladder  with  a  fixative  such  as  Orth's 
fluid,  in  which  the  organ  after  ligating  is  placed,  and  finally  to  scrape  off  the  epithe- 
lium, stain  with  hsematoxyhn  and  eosin,  and  mount  pieces  of  the  wall  in  balsam  for 
study. 

The  Lung. — ^The  circulation  in  the  lung  and  various  phases  of  its  disturbance  may 
be  studied  on  the  living  frog  by  the  use  of  the  Thoma  plate  especially  adapted  for  the 
bladder.  The  preliminary  operation  is  made  in  the  axillary  line,  the  long  incision 
reaching  forward  to  the  axilla.  A  cannula  tapering  to  one  end  so  as  to  pass  between 
the  folds  of  the  glottis  for  five  or  six  mm.,  but  not  to  slip  further  in,  is  tied  in  place  by 
a  thread  through  the  snout  of  the  curarized  animal.  A  flexible  rubber  tube  over  the 
free  end  of  the  cannula,  which  extends  a  couple  of  centimetres  beyond  the  snout  and  is 
controlled  by  a  clip,  enables  one  to  blow  into  the  lung  and  force  it  out  through  the 
incision.  The  inflation  should  not  be  excessive  and  the  base  of  the  lung  should  not  be 
constricted.  The  animal  is  placed  on  its  back  upon  the  plate  with  the  distended  lung 
over  the  glass  window  and  irrigated  in  the  manner  above  indicated  for  the  bladder. 
The  picture  of  the  circulatory  districts  of  the  single-sac  lung  with  the  blood  shooting 
through  the  rich  capillary  network  and  entering  the  veins  is  most  interesting  and 
important  for  one  who  would  appreciate  the  significance  of  lung  lesions  involving,  as 
most  of  them  do,  disturbances  of  the  circulatory  mechanism. 
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CHAPTER  VI 

ANIMAL  PARASITES. 

Protozoa. 

General  Characters  of  the  Protozoa. — The  protozoa  are,  with  few 
exceptions,  unicellular  animal  organisms  of  a  primitive  type,  reproducing 
by  division,  by  budding,  and  by  spore  formation.  Some  are  very  minute, 
others  many  millimetres  in  diameter.  Some  of  them  seem  to  lie  between 
and  to  link  the  two  great  divisions  of  living  beings  somewhat  arbitrarily 
established — the  animals  and  the  plants. 

While  some  of  the  protozoa  are  relatively  simple  in  structure,  others 
are  extremely  complex.  The  life  cycle,  also,  of  some  forms  is  simple, 
while  others,  passing  through  sexual  and  asexual  phases,  present  at 
different  periods  the  greatest  diversity  in  form  and  function. 

Some  protozoa  maintain  an  independent  existence,  others  are  para- 
sitic for  men  and  animals.  Among  the  parasitic  forms  are  important 
groups  which  require  residence  in  the  body  of  more  than  one  animal 
species  for  the  completion  of  their  life  cycle.  Many  of  the  protozoa 
possess  organs  of  locomotion,  pseudopodia,  flagella,  and  cilia. 

Our  knowledge  of  the  protozoa  parasitic  in  man  is  of  recent  date, 
but  is  accumulating  with  great  rapidity  especially  as  regards  tropical 
forms.  Many  forms  are  so  difficult  to  study  and  to  classify  that  for 
the  moment,  in  numerous  instances,  conjecture  and  a  balancing  of 
probabilities  and  analogies  are  made  to  do  duty  in  lieu  of  facts. 

Although  not  yet  proven,  it  is  widely  believed  that  some  if  not  all  of 
the  exanthemata,  yellow  fever,  and  it  may  be  hydrophobia,  are  probably 
incited  by  some  form  of  parasitic  protozoa. 

Modes  of  Transmission  of  Protozoan  Parasites. — Some  forms  of  pro- 
tozoa are  transmitted  by  contact^  as  in  certain  trypanosomes  and  the 
syphilis  organism;  others  are  ingested  with  food  and  drink. 

Congenital  transmission  of  the  syphilis  organism  is  of  frequent 
occurrence. 

So  confident  are  many  observers  that  small-pox  and  scarlatina  are 
incited  by  protozoan  parasites,  presumably  by  such  as  in  the  develop- 
ment of  their  life  cycle  form  minute  spores,  that  they  venture  to  assume 
that  in  these  diseases,  at  least,  the  infective  agent  may  be  air-borne  in 
floating  dust. 

Finally,  in  many  instances,  infection  takes  place  through  trans- 
mission by  intermediate  hosts.  This  is  the  case  in  malaria,  yellow  fever, 
and  with  certain  trypanosomes  and  sporozoa.  In  the  transmission  of 
the  malarial  organism  by  the  mosquito  and  in  some  trypanosomes, 
important  phases  in  the  life  cycle  of  the  parasite  take  place  in  the  body 
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of  the  intermediate  host.  Other  insects — ticks,  bed-bugs,  and  leeches — 
act  as  intermediaries,  especially  among  the  lower  animals. 

The  Effects  of  Protozoan  Parasites  upon  their  host  are  in  many  cases 
obvious,  in  many  quite  obscure.  We  shall  consider  some  of  these  in  the 
brief  review  of  species  which  follows. 

Cultivation  of  Protozoa. — It  has  been  found  practicable  to  cultivate 
on  artificial  media,  through  a  few  generations  at  least,  some  forms  of 
protozoa — amoebas,  trypanosomes,  and  the  malarial  parasite;  but  the 
knowledge  thus  far  derived  from  such  artificial  cultivation  is  scanty. 

The  scope  of  this  book  permits  only  a  very  limited  consideration  of  the 
most  significant  forms  of  protozoa  which  are  related  to  human  pathology.^ 

The  Classification  of  Protozoa. — The  protozoa  are  ordinarily  separated 
mto  the  following  groups: 

A.  Plasmodromata 

I.  Rhizopoda. — Movement  by  pseudopodia. 
n.  Mastigophora. — Movement  by  flagella. 

in.  Sporozoa. — Motility  varied;  highly  parasitic;  propagated  by 
spores. 

B.  ClUOPHORATA 

I.  CiLiATA. — Movement  by  cilia. 
n.  SucTORiA. — Without  pathogenic  importance  in  man. 

I.  Rhizopoda 

The  protozoa  of  this  division  are  usually  of  simple  structure,  char- 
acterized by  motile  organs  in  the  form  of  pseudopodia.  Reproduction  is 
by  division  and  by  spores.  The  pathogenic  form  of  this  division  is 
Entamoeba  histolytica. 

Entamoeba  histolytica  (Amoeba  dysenteriae)  is  of  considerable  path- 
ologic importance.  Councilman  and  Lafleur'  in  1891  first  definitely 
established  the  significance  of  this  protozoan  parasite  which  they  called 
Amoeba  dysenteriae,  a  name  now  superseded  by  Entamoeba  histolytica  of 
Schaudinn. 

It  has  been  repeatedly  found  in  acute  and  chronic  dysentery,  most 
frequently  in  the  tropics,  in  the  intestinal  contents,  at  the  bottom  of  the 
int^tinal  ulcers,  and  in  the  secondary  abscesses,  especially  of  the  liver, 
which  may  accompany  ulcerative  colitis.  The  amoeba  is  believed 
to  be  the  inciting  factor,  in  some  cases,  in  both  the  primary  ulcerative 
colitis  and  its  complicating  abscesses  (see  page  676) . 

This  amoeba  (Fig.  73)  is  a  spheroidal  cell,  from  five  to  eight  times 
the  diameter  of  a  red  blood  cell,  with  granular  protoplasm  and  a  vesicular 

^  The  best  presentation  of  our  present  knowledge  of  protozoa  is  contained  in  Do/lein,  I^hrbuch  d. 
Protoioenkunde,  3d  edition,  Jena,  1911,  which  includes  an  extensive  and  well-classified  bibliography. 
See  also  Brumpt,  Pr6cis  de  parasitologie,  2d  edition,  Paris,  1913;  and  Neumann  und  Mayer,  Wichtigo 
tierische  Parasiten  und  ihrer  Ubertrftger,  Munich,  1914.  Calkins,  Protosoology,  New  York,  1909,  is  a 
readable  epitome  of  the  subject ;  and  Park  and  WUliamt,  Pathogenic  Bacteria  and  PVotozoa,  4th  edition, 
1910,  contains  a  great  deal  of  fundamental  information  on  pathogenic  forms. 
*  John  Hopkins  Hosp.  Rep.,  ii.,  395.  1891. 
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nucleus.  It  often  contains  larger  and  smaller  vacuoles.  Frequently, 
especially  when  the  amceba  is  active,  a  portion  of  the  protoplasm 
appears  almost  homogeneous — ectosarc — while  the  rest — endosarc — is 
granular.  When  moving  it  assumes  various  forms,  thrusting  out  and 
withdrawing  nearly  homogeneous  pseudopodia.  It  may  also  change  its 
shape  without  progressive  movement.  It  occurs  in  acute  and  chronic 
dysentery,  frequently  in  Egypt,  occasionally  in  Russia,  India  and  the 
Philippines,  and  is  often  seen  in  the  United  States.' 

The  parasite  is  capable  of  making  its  way  between  the  epithelial  cells 
of  the  intestinal  canal,  but  the  way  in  which  lesions  are  induced  is  not 
clear.  The  organism  has  been  artificially  cultivated.*  Animal  inocula- 
tions are  easily  made,  especially  in  young  cats,  with  the  production  of  an 
acut«  colitis.  It  is  now  generally  acknowl- 

edged that  the  Entamoeba  t«t- 
ragcna,  described  by  Viereck,  is 
identical  with  the  Entamisba 
histolytica,  though  the  matter  is 
still  under  discussion.' 

Other  species  of  amceba  have 
been  found  in  the  human  mouth, 
intestines,  and  bladder,  but  are 
apparently  not  pathogenic.  The 
Entamoeba  coti  is  very  frequently 
present  in  health  and  in  intes- 
tinal disorders  other  than  dysen- 
Fia.  73.— Ehtakoba  Hibtolttica.  tcric*   There  is  reason  to  believe 

FromthemtatinBlwaUDearBuulceriaamisbiaDolitiB.     that    amcebaS     are     acquired 

through  drinking  water  and 
uncooked  foods. 

II.  Mastigophora. 

These  organisms  are  of  definite  or  changeable  shape,  with  or  without 
a  membrane.  They  are  characterized  by  the  possession  of  one  or  more 
undulating  or  vibratile  processes  or  flagella.  Some  forms  seem  to  be 
closely  related  to  the  bacteria. 

Trypanosomes. — Among  the  flagellated  protozoa  the  trypanosomes 
are  of  much  significance,  occurring  as  free  swimming  parasites  in  the 
blood  of  both  cold-  and  warm-blooded  animals — mammals,  birds,  rep- 
tiles— and  in  the  intestines  of  certain  blood -sue  king  insects — flies, 
mosquitoes. 

Trypanosomes  are  elongated,  usually  pointed,  and  may  have  one  or 
two  flagella  and  an  undulating  membrane  at  the  side  attached  to  the 

1  We  refer  lor  further  details  ooacersinE  the  Entsmceba  histolrtica  to  the  wori(  of  CounciJinan  and 
Laflnr  on  "Amnbic  Dysentery."  Jobna  Hopkins  Hcnpitiil  Reports,  vol.  ii.,  p.  305,  1891.  For  a 
method  of  differential  ■Caintng  of  the  Entamoeba  hiatolytica  see  Mattorj/,  Journal  of  Experimental 
Medicine,  voL  ii.,  p.  S29.  1897.  For  a  r/mm^  of  Annrbas,  cultivation  and  eigniGesace,  see  Mvnrat 
and  Cltgg,  Bureau  of  Govt.  Ubt.  DepL  nf  the  Interior,  Hiological  Laboratory  No.  IB,  Ool..  1904,  and 
StnmB  OD  "AmcBbieDyaeDtery."  in  Osier's  "  Modem  Medicine."  vol.  i. 

>  See  Craie.  Arch,  Int.  Med.  1914,  xi'ii.  917. 
•  See  Craie.  Jour.  Infec.  Dis.,  v..  324.  190S. 
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flagella  (Fig.  74).  The  membrane  is  often  attached  in  folds  or  undula- 
tionB  so  that  the  movement  of  the  parasite  in  swimming  is  somewhat 
augur-like.     They  reproduce  by  division. 

In  many  instances  the  trypanosomes  seem  to  be  of  no  special  sig- 
nificance to  the  host,  but  in  several  of  the  lower  animals  and  in  man 
some  species  are  markedly  pathogenic. 


Trypanosomes  are  common  in  wild  rats  in  all  countries.  The  species 
infesting  these  animals,  Tr.  lewisi,  can  be  readily  transmitted  with  the 
blood  to  a  fresh  animal  by  injection  and  does  not  appear  to  interfere  with 
the  well-being  of  the  rats.  A  certain  immunity  to  subsequent  injections 
seems  to  be  conferred  by  the  presence  of  these  parasites  in  the  blood  of 
the  rat,  from  which  they  usually  disappear  in  two  or  three  months. 

Novy  and  McKeal  first  successfully  cultivated  the  Trypanoaoma 
lewisi  and  other  forms  on  nutrient  agar  containing  varying  amounts  of 
defibrioated  or  laked  rabbit  blood. 

Pathogenic  Tiypanoaomes. 
Tsetse-fly  Disease. — Among  the  more  important  of  the  trypanosome 
infections  we  may  note  Nagana  or  the  tsetse-fly  disease  (Fig,  74),    This 
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infectious  disease  of  cattle,  horaes,  and  mules  occurring  in  Africa,  espe- 
cially in  Zululand,  has  long  been  known  and  was  at  one  time  of  great 
economic  importance.  It  is  characterized  by  fever,  emaciation,  edems, 
etc. 

In  1894  Bruce  discovered  a  trypanosome — Tr.  brucei — in  the  blood 
of  the  affected  animals.  He  also  found  that  the  parasite  was  conveyed 
to  healthy  animals  through  the  bite  of  a  tsctse-fiy  of  that  country — 


Stain  by  the  India  ink-method  (see  p.  27S). 

Glossina  morsitans — which  had  shortly  before  bitten  an  infected  animal. 
The  original  source  of  the  parasite  was  found  to  be  the  wild  animals  of 
the  region,  which  did  not  appear  to  be  affected  by  it.  Man  is  immune 
to  this  species  of  trypanosome. 

Surra. — This  disease  of  horses  and  cattle,  occurring  in  India,  and 
possibly  in  other  tropical  countries,  has  been  shown  to  be  due  to  a 
trypanosome,  Tr.  evansi,  which  is  conveyed  from  infected  to  healthy 
animals  by  a  fly. 

Several  other  diseases  of  wild  and  domestic  animals  are  known  to  be 
incited  by  trypan osomes. 

Sleeping  Sickness. — The  "sleeping  sickness"  is  very  common  and 
fatal  among  the  negroes  of  equatorial  Africa,  assuming  in  the  Congo 
region  the  character  of  a  veritable  pestilence  whose  victims  number 
hundreds  of  thousands.  White  men  are  not  exempt.  The  disease, 
still  rapidly  extending,  is  characterized  by  lethargy,  debility,  emaciation, 
drowsiness,  coma,  and  death.  It  is  incited  by  a  trypanosome,  Tr. 
gambiense,  which  also  is  conveyed  by  a  tsetse-fly,  Glossina  palpalit- 
The  lesions  noted  are  congestion  of  the  meninges  with  fluid  exudate  and 
enlargement  of  the  lymph-nodes,  spleen,  and  liver.' 

I  For  B  summary  of  trypuiosomea  and  disossca  tncilcd  by  them,  see  Nova.  The  Harvey  Lectun*. 
IQCVfi;  Jour.  Am.  Med.  Assn..  Jnii.  5.  1007.  Alau  Mavrr,  Kolle  and  WaAsernianD,  Uandbucli. 
Zd  edition.  1QI3.  vii,  321.  For  n  study  ol  trypan osniniasis  n-ith  speriol  Telfrrnee  to  service  id  tbe 
Philippine  Inlands,  see  MmarnPe  and  Clega.  Ilepartnient  of  Interior.  V.  S.  A..  Bureau  ol  Gowniinnil 
Lahoraloriee,  1903.    For  a  study  of  chemical  therapy,  see  Tctrv.  Arch.  Int..  Med.,  iii..  9S.  1909. 
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Spirochseta. — Among  the  spirally  curved  bacteria  it  has  been  cus- 
tomary to  recognize  a  genus  called  Spirillum^  the  members  of  which 
have  a  rigid  spirally  curved  body,  and  a  genus  called  Spirochceta,  in  which 
the  organisms  are  also  spirally  curved  but  are  described  as  flexible.  These 
genera  have  been  considered  to  embrace  closely  related  bacterial  forms. 

The  discovery  by  Schaudinn  of  Spirochaeta,  now  called  Treponema, 
pallidum  (Fig.  75),  in  the  lesions  of  syphilis  has  given  rise  to  many 
critical  studies  of  spirochetes,  and  while  we  cannot  enter  here  into  the 
details  of  the  matter,  it  has  finally  become  probable,  if  not  entirely 
proved,  that  the  spirochetes  are  protozoa  and  not  bacteria  or  at  least 
that  the  protozoan  characters  are  predominant  in  them.^ 

The  remarkable  achievement  of  Ehrlich  in  creating,  on  a  carefully 
projected  theoretical  basb,  the  synthetical  chemical  compound  of 
arsenic ,  dioxydiamidoarsenobenzol,  popularly 
known  as  606,  which  has  a  specific  destructive 
action  on  the  life  not  only  of  the  spirochetes  of 
syphilis  and  of  relapsing  fever,  but  upon  trypano- 
somes  as  well,  would  indicate  a  relationship  be- 
tween the  spirochetes  and  the  protozoa  which  tends 
to  confirm  the  evidence  from  morphology. 

Treponema  (Spirochaeta)  Pallidtim. — This  organ- 

ii*  JJ.V  1  jxi-**^  FiO'  76. — Trichomonas 

ism,  now  believed  to  be  a  protozoan  and  the  incit-  Vaginaus. 

ing  agent  in  syphilis,  is  described  in  connection  with  After  Dock. 

the  lesions  of  that  disease  on  page  274. 

Spirochseta  Obermeieri. — The  protozoan  organism  inducing  relapsing 
fever  and  Spirochaeta  pertenuis  of  Castellani  will  be  considered  among  the 
infectious  diseases,  see  page  292. 

The  occurrence  of  spirochetes  in  tumors  is  of  no  pathological  signi- 
ficance. 


Leishman -Donovan  Bodies. — In  some  forms  of  cachexia!  fever  of  India  associated 
with  enlarged  spleen  and  marks  of  profound  toxsmia — the  so-called  kala-azar; 
dum-dum  fever — there  have  been  found  in  the  spleen,  blood,  etc.,  peculiar  bodies 
now  known  as  the  Leishman-Donovan  bodies  which  were  believed  to  belong  to  the 
trypanosomes  and  have  given  rise  to  much  discussion.  More  recently  they  have 
been  placed  in  the  genus  Herpetomonas — an  allied  form  of  flagellata  or  protozoa — 
in  which  are  organisms  commonly  parasitic  in  the  fly.  The  organism  is  believed  to 
be  transmitted  to  man  through  the  bite  of  the  bed-bug.  For  further  details,  see 
p.  480. 

Trichomonas  vaginalis  has  an  oval  or  pear-shaped  body  from  0.015  to  0.025  mm. 
long,  with  a  cluster  of  flagella  at  one  end  and  an  undulating  membrane,  frequently 
mistaken  for  cilia,  upon  the  side  (Fig.  76).  It  is  of  occasional  occurrence  in  vaginal 
exudates.  The  possibility  of  mistaking  the  T.  vaginalis  for  human  spermatozoa 
should  be  borne  in  mind  in  medico-legal  examinations,  although  to  an  observer 
familiar  with  either  structure  such  a  mistake  could  hardly  occur. 

Some  forms  of  Trichomonas  have  been  found  in  the  urine  of  man,  in  the  intestines, 
and  in  the  sputum. < 

*  For  A  disciiasioQ  of  this  subject,' see  Calkins*  "Protozoology,"  p.  231,  1910;  also  Amheimt  Ztschr. 
f.  Hyg.  1914.  Ixxvi.,  407. 

*  For  original  studies  of  Trichomonas  with  historical  summary  and  bibliography,  see  Dock^  Am. 
Jour.  Med.  Sc.,  vol.  czi,  p.  1.  1896. 
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III.  Ciliata  (Infusioria.) 


The  infusoria  are  the  most  highly  differentiated  of  the  protozoa. 
They  have  numerous  motor  appendages  or  cilia,  which  may  persist 
through  Hfe  or  in  some  forms  be  replaced 
in  the  adult  stage  by  suctoria.     They  re- 
produce   chiefly    by    fission,    or    budding. 
Among  the  ciliated   infusoria,   few   if   any 
are  pathogenic  in  man.     The  Balantidium 
coli  {Fig.  77)   is  an  ovoidal  organism  from 
0,06    to    0.1    mm.   long;    it   is   a   common 
parasite  of  swine  in  some  regions,  and  has 
Flo.  77.— Balantidicu  cou.      been  found  a  few  times  in  the  intestinal 
AftarBmun.  tract  of  man  under  conditions  which  indi- 

cated its  probable  pathogenic  significance. 

IV.  Sporozoa. 

The  sporozoa  are  all  parasitic,  living  at  some  period  of  their  life 
cycle  in  the  cells  of  their  host,  and  are  especially  characterized  by  their 
reproduction  through  encyst ment  and  spore  formation  and  absence  of 
definite  motile  organs.  Many  forms  of  the  organisms,  especially  the 
spores,  are  very  minute  and  difficult  of  identification. 

The  sporozoa  are  widely  distributed,  being  found  as  parasites  in 
nearly  all  classes  of  animals.  They  may  invade  the  gastro-intestinal 
canal  and  the  kidney  and  their  adnexa,  the  blood,  muscle,  connective 
tissue,  and  skin.  While  many  of  them  appear  to  be  harmless  to  their 
host,  others  may  do  serious  damage  by  blocking  the  tissue  spaces  and 
thus,  or  in  other  ways,  inducing  necrosis,  atrophy,  or  cell  death.  Some 
forms  are  wholly  intracellular,  others  remain  for  only  a  part  of  their  life 
cycle  within  single  forms  of  cells,  passing  then  to  other  cells  or  to  the 
body  cavities  or  to  hosts  of  a  different  species.  The  life  cycle  of  many 
forms  is  extremely  complex.  On  account  of  their  strict  parasitism  and 
the  requirements  in  some  instances  of  an  interchange  of  hosts,  precluding 
the  methods  of  culture  applicable  to  many  of  the  lower  organisms,  the 
life  history  of  many  forms  is  still  unknown  or  obscure. 

The  classification  of  the  Sporozoa  is  still  tentative,  but  one  may  con- 
veniently recognize   the  following  orders: 

1.  GregarincE. — These  are  round  or  elongated  parasites,  some  of  the 
higher  forms  presenting  partitions  in  the  cell  with  special  development 
of  one  end  for  attachment.  They  are  parasitic  in  certain  cold-blooded 
animals,  especially  the  invertebrates.  The  young  stages  only  are  in- 
tracellular, mature  forms  occurring  in  the  body  spaces. 

2.  The  Myxospondia  are  parasitic  in  certain  of  the  invertebrates, 
in  fishes  and  batrachiana.  Epidemics  among  silk  worms  incited  by  a 
parasite  of  this  class  have  occasioned  serious  losses.  Many  species  are 
concerned  in  diseases  of  fish,  in  which  they  may  cause  extensive  deep 
foci  of  necrosis  and  ulceration. 
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3.  Cocddia. — Organisms  of  thia  order  are  parasitic  in  certain  of  the 
invertebrates,  in  birds,  reptiles,  and  mammals.  They  are  round  or  oval, 
usually  intracellular  parasites  having  no  free  motile  adult  stage.  They 
are  most  frequently  found  in  the  epithelium  of  the  intestine  and  liver. 
One  of  the  most  common  forms  in  the  mammalia  is  Cocddium  oviforme 
(Tig,  78)  which  is  of  frequent  occurrence  in  the 
liver  of  the  rabbit,  forming  a  part  of  the  con- 
tents of  yellowish  irregular  shaped  masses,  rc- 
Bembling  tumors,  or  in  the  form  of  cysts.' 

The  parasites  surround  themselves  with  a 
capsule  within  which  elongated  sporozites  de- 
velop- This  encapsulated  form  may  be  taken 
up  by  a  new  host  in  which  the  sporozites  are  set  ^ 

free  and  enter  the  epithelial  cells  in  which  they  fom  7f°tho"W™iw. 

again  become  encapsulated.     The  occurrence  of  'o™"*^"  •^  'f"~- 
Cocddium  oviforme  has  been  recorded  in  the  liver,  kidney,  and  heart- 
muscle  of  man. 

Another  smaller  form, 
occurring  in  the  intestinal 
epithelium  of  dogs,  eats,  and 
rabbits,  has  been  found  in 
two  cases  in  a  similar  situa- 
tion in  man. 

4.  Sarcosporidia. — In  this 
order  of  the  Sporozoa  the 
usually  elongated  slender 
early  stage  is  found  in  be- 
tween the  muscle  fibres  and 
bundles  of  vertebrates — 
mouse,  hog,  and,  in  a  few 
instances,  in  man.  These 
Fio  TSA— sarcocibtib  huris  *''^  commonly  known  as  the 

"tubes  of  Miescher"  or  "of 
Rainey"  (Fig.  78A).  Reniform  or  falciform  spores  are  developed.  The 
adult  forms  are  spheroidal  or  elongated.  The  life  cycle  is  not  well  known.' 
5.  Hctmosporidia. — These  parasites  of  the  blood  form  a  large  group 
occurring  in  the  corpuscles  or  plasma  of  vertebrates — amphibia,  reptiles,' 
birds,  and  mammals.  Some  forms  are  among  the  most  important  of  the 
protozoan  parasites  of  man.  They  are  of  small  size;  the  adult  form  is 
motile.  One  stage  in  the  life  cycle  is  passed  in  the  blood  of  the  verte- 
brate host;  another  in  the  body  of  some  insect,  as  an  intermediate  host. 
Among  the  mammalian  hsemosporidia  we  may  mention  the  ha:mato- 
«oa  of  malaria  and  the  hsematozoon  of  Texas  fever. 

Malaria. — The  characters  of  the  malarial  htematozoon,  for  which  the 


1  See  Tyiitr.  Jour.  Mod  Eb..  vol.  vii..  p.  235.  1902.  bibl. 

'  For  ■  atudy  of  the  production  of  imroMporidifl  in  Ihc  mouse  at 

«  Thtobald  Smith.  Tram.  Asan.  Am. 

Pby...  vol.  ivi.,  p.  S76.  1901. 

•  See  La-nsmann.  "  Hiemoeporidi*  in  Americwi  Reptilte  and 

Bntraehiimi!."  N.  Y.  Med.  Jour., 

J»ou»rr  7,  1899. 
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mosquito  acts  as  intermediate  host,  are  described  in  detail  on  page  312. 
Texas  Fever, — Texas  fever  (tick  fever,)  a  disease  of  cattle  marked  by 
fever,  debility,  and  haemoglobinuria,  occurs  in  many  parts  of  the  world — 
North  and  South  America,  Europe,  and  Africa.  The  haematozoon  in- 
ducing Texas  fever  was  discovered  by  Theobald  Smith  and  Kilbourne* 
and  is  now  called  Piroplasma  bigeminumJ  In  one  stage  it  is  a  minute 
pyriform  organism  occurring  often  in  pairs  in  the  red  blood  cells  of  its  host. 
Free  forms  have  been  found  in  the  blood.  While  its  life  cycle  has  not 
been  completely  worked  out,  Smith  and  Kilbourne  showed  that  a  cattle 
tick  acting  as  an  intermediate  host  transmits  the  parasite  through  her 
eggs  and  larvae.  It  is  through  these  young  ticks  that  fresh  cattle  be- 
come infected.'  Other  species  of  Piroplasma  have  been  found  in  the 
dog  in  various  countries;  still  others  in  horses  and  sheep. 

Methods  of  Study  of  the  Protozoa: 

The  protozoa  may  be  studied  in  the  living  condition  in  the  fluids  in  which  they  are 
found  or  they  may  be  killed  by  sublimate  solution  and  stained  with  iron  hasmatoxylin. 

The  movements  of  the  Entamoeba  histolytica  in  the  faeces  or  in  the  contents  of 
abscesses,  may  be  studied  on  the  warm  stage.  Its  morphology  may  be  studied  in 
tissue  containing  it,  such  as  intestinal  ulcers,  abscesses,  etc.,  which  have  been  hardened 
and  stained  either  with  methylene  blue  or  hematoxylin. 

The  attempts  to  obtain  pure  cultures  of  certain  forms  of  Amoeba  and  similar  or 
allied  forms  of  protozoa  have  been  partially  successful.  The  method  by  which  Mc- 
Neal  and  Novy  obtained  pure  culture  of  trypanosomes,  namely,  by  the  use  of  ordinary 
nutrient  agar  containing  rabbit's  blood,  is  of  high  promise  in  related  forms  of  protozoa. 
For  details  of  this  method  as  well  as  a  risumS  of  the  cultivation  of  protozoa,  consult 
McNeal  and  Novy^  "Contributions  to  Medical  Research,  Vaughan  Anniversary 
Volume,"  1903,  p.  549. 

Metazoa. 

Among  the  multicellular  parasites,  the  worms — the  flat  flukes  and 
tape-worms  as  well  as  the  round  worms  and  a  few  insects — form  the  most 
important  classes  for  our  consideration.  But  for  the  details  concerning 
these  as  well  as  the  other  larger  parasites  we  must  refer  to  special 
works  on  parasitology. 

It  may  be  said  in  general  that  the  metazoan  parasites  may  be  harm- 
ful to  the  structure  or  the  function  of  the  host,  though  the  damage  is 
often  very  slight, either  by  their  local  presence,  occluding  canals,  obstruct- 
ing vessels,  inducing  local  irritation,  or  structural  damage,  or  by  their 
movements  about  the  body;  by  the  appropriation  of  food  belonging  to 
the  host;  or,  finally,  by  the  setting  free  of  deleterious  me'tabolic  products 
of  their  own  manufacture. 

This  toxic  action  of  certain  parasites  is  especially  marked  by  the 
more  or  less  pronounced  eosinophilia  present  in  a  large  proportion  of 
patients  who  are  the  victims  of  invasion  by  parasitic  worms.* 

The  frequent  anaemia  associated  with  the  presence  of  metazoan 

» Smith,  Bull.  Bur.  An.  Industry.  No.  1,  1893. 

'  Piroplasma  and  allied  genera  are  now  often  described  under  the  generic  name  Babesia,  and  the 
form  here  considered  is  named  Babesia  bovis. 

*  For  a  summary  of  observations  on  Texas  fever  (Hemoglobinuria  of  Cattle)  see  Kossel,  in  Kolle 
and  Wassermann's  "Handbuch  der  Mikroorganismen,"  1st  edition.,  1902,  Bd.  i.,  p.  841,  bibl. 

*  See  for  a  study  of  the  influence  of  parasites  on  the  host,  Ward,  Science,  vol.  xxv.,  p.  201, 1907; 
consult  also  Shipley  and  Fearnndes,  Jour.  Economic  Biology,  vol.  i.,  1906. 
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parasites  and  the  local  injuries  inflicted  by  them,  especially  of  the  mucous 
membranes,  through  which  the  body  is  made  more  vulnerable  to  second- 
ary bacterial  invasion,  are  all  of  considerable  importance.  Some  of 
these  effects  will  be  referred  to  in  the  following  brief  series  of  individual 
forms  of  metazoan  parasites. 

Worms. 

TREMATODA  (Flukes). 

These  worms  are  small,  flat,  tongue-shaped,  or  leaf-like  creatures, 
with  an  intestine,  and  a  discoidal  structure  on  the  under  surface,  by 
means  of  which  they  attach  themselves.  There  are  several  genera 
and  species  found  in  man.  The  most  common 
genus  is  Distoma,  Of  these  D.  hepaticum  is  of 
most  frequent  occurrence  (Fig.  79) .  It  is  about 
30  mm.  long,  and  usually  occurs  in  the  gall- 
ducts  and  gall-bladder.  The  embryos  are  often 
attached  to  water  plants,  from  eating  which  the 
infection  is  believed  to  occur.  D.  lanceolatum  is 
more  slender,  pointed  at  the  ends,  8  to  10  mm.  long,  and  has  been 
found  a  few  times  in  the  gall-bladder.  D.  sineiise  is  a  slender  worm 
about  15  mm.  long,  and  has  been  found  in  the  bile  in  considerable 
numbers,  particularly  in  the  Chinese.     D.  hcematobium  is  a  more  nearly 

cylindrical  worm;  the  sexes  are  distinct,  the 
male  from  12  to  14  mm.  long,  the  female  16 
to  18  mm.  long,  and  the  parasite  occurs, 
especially  in  Egyptians,  in  the  portal  and 
other  abdominal  veins. 


Fig.  79. — Distoma  Hepat- 
icum. 

About  natural  size. 
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CESTODA  (Tape  Worms). 

These  important  worms  consist,  in  the 
mature  state,  of  more  or  less  rectangular  or 
elongated  flat  segments,  each  one  represent- 
ing a  single  individual,  arranged  in  a  linear 
series  to  form  a  colony.  At  one  end  of  this, 
called  the  head,  is  a  variously  formed  struc- 
ture for  the  attachment  of  the  colony  to  its 
host.  The  neck  and  head  are  called  the 
scolex,  while  the  segments  are  called  proglot- 
tides. These  worms  have  neither  mouth  nor 
alimentary  canal.  They  are  hermaphrodites, 
the  sexes  being  united  in  the  proglottides. 
The  head  and  neck  (scolex)  may  exist  as  an 
immature  form  in  various  tissues  and  organs 
where  they  are  encysted,  and  are  often  called 
cysticercus. 

TcBuia  solium  is  of  infrequent  occurrence  in  man.  It  may  be  several 
metres  in  length,  and  may  be  coiled  up  or  stretched  out  in  the  small 
intestines.  Several  worms  may  be  in  the  gut  at  one  time.  The  head, 
about  the  size  of  a  pin's  head  (Fig.  80),  has  a  projecting  proboscis  or 


Fig.  80. — Head  op  Tjcnia 
Solium. 

X  about  40. 
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rostellum,  around  which  are  arranged  a  double  row  of  horny  hooklets. 
Below  these  are  four  sucking  discs  at  the  sides  of  the  head.     The  hook- 
lets  of  the  anterior  row  are  larger  than  those  in  the  posterior  row,  and 
are  from  0.16  to  0.18  mm,  long.     The  proglottides,  when  fully  developed, 
are  from   10  to   12  mm,  long  and  from  5  to  6  mm.  wide,  but  those 
nearest  the  head   are  much  shorter  and  immature.     The  eggs  of  T. 
solium  are  ovoidal  structures,  about  0.03  mm.  in  diajneter.     The  embryo 
of  this  worm  is  most  commonly  seen  in  the  muscles  of  the  pig  as  an 
encysted  ecolex,  commonly  called  a  "measlc."     It  occasionally  occurs 
in  man  in  the  muscles,  brain,  eye,  etc.,  and  is  called  Cysticercus  ceUuioscE. 
It  is  usually  about  the  size  of  a 
pea,  but  may  be  as  large  as  a 
■  pigeon's  egg  and  surrounded  by 

1  a  connective- tissue  capsule. 

\  c  Infection  with  the  worm  oc- 

,--  -  -J        \        curs  in  the  human  subject  from 
iSSU!^ '         1        t^®    ingestion    of    insufficiently 

f'        cooked    "measly"   pork,  or,  in 
;  i        the  case  of  Cysticercus  cellulosfe, 
^        from  the  ingestion  of  the  eggs, 
,--,._)  '     which  may,  in  a  variety  of  ways 

'     '    -.'      in   uncleanly   persons,  get  into 
■^        /  -  ,'       the  food. 

.'  "/ '  Tcenia      mediocanellata     {T. 

<  ^/  saffinata  Leuckart). — The  head 

of   this  species  is  somewhat  cu- 

Fio.  8i.-T*Ni*^M.BiocAHEu^T*.    HEAD  AND       boidal,    with   neither    rostellum 

A.    head    X    about   15.      B,  muture  proBlottid,       nor  hookletS,  but  with  foUr  SUck- 
■howing  gonerativB  apparatus.     C,  h™d  and  f™t|-       jng    disCS     (Fig.    81).         The    SCg- 

ta^rin^ of' uiB  n"c™.  "Natural  Sb,°  """"^  ^"  "  ments  are  generally  broader  and 
shorter  than  in  T.  solium,  and 
theworm  is  usually  larger.  In  the  embryonal  form  the  sco!ex  occurs  as  the 
Cysticercus  tarda  mediocanellatcE  in  the  form  of  small  cysts  in  the  muscles 
of  cattle,  from  the  eating  of  which  in  the  uncooked  condition  the  infec- 
tion occurs.  This  is  the  most  common  tapeworm  in  the  United  States. 
Tarda  echinococcus. — This  worm  in  the  mature  condition  forms  a 
short,  small  colony  inhabiting  the  intestine  of  the  dog.  The  head  is  about 
0.3  mm.  in  diameter  and  has  a  double  row  of  hooklets  around  the  rostel- 
lum. The  proglottides  are  three  or  four  in  number,  the  last  being  the 
larger.  The  entire  colony  is  not  more  than  4  to  5  mm.  in  length.  The 
significance  of  this  parasite  in  human  pathology  depends  upon  the  cysts, 
called  hydatids,  which  it  forms,  in  the  immature  or  cysticercus  stage,  in 
various  parts  of  the  body.  Intimate  association  with  dogs  favors  the 
acquirement  of  this  parasite.  When  the  eggs  of  the  mature  worm  get 
into  the  intestinal  canal  of  man  they  undergo  partial  development  and 
find  their  way  into  the  tissues  and  organs,  most  frequently  into  the  liver. 
Here  cysts  are  formed  which  become  encapsulated  by  a  connective- 
tissue  membrane  produced  by  the  inflammatory  reaction  of  the  organ. 
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The  cyst  wall  of  the  parasite  is  formed  of  two  layers — an  outer,  finely 
lamellated  layer  called  the  cuticvia  (Fig.  82),  and  an  inner,  granular 
layer  containing,  muscle  fibres  and  blood-vessels  called  the  parenchyma- 
tojis  layer.     Inside  of  the  primary  cyst,  secondary  cysts  sometimcB  form, 
called  daitgfUer  cysts;  and  within  the  latter,  tertiary  cysts,  called  grand- 
daughter cysts,  may  develop.     On  the  inner  surface  of  the  cysts,  either 
primary,  secondary,  or  tertiary,  the  scolices  or  heads  of  the  immature 
worm   are   formed.      These   de- 
velop in  the  walls  of  the  pedicu- 
lated  vesicles   called  brood  cap- 
sules.   The  walls  of  these  vesicles 
have  a  lamellated  cuticula  and 
a  parenchymatous  layer  similar 
to    those  of   the  primary  cysta. 
The  scolices,  of  which  there  may 
be   several   in   each   brood  cap- 
sule, are  similar  to  the  heads  of 
the   mature    tapeworm.      They 
are  about  0.3  mm.  in  diameter, 
having  a  rostellum  surrounded  by  a  double  row  of  booklets  and  four 
sucking   discs    (Fig.   83).      At   the   posterior  end    of   the   scolex   is   a 
pedicle   by   which   it   is   originally  attached   to  the  wall  of  the  brood 
capsule.     Little,  lamellated  concretions  of  lime  salts  are  often  present 
in    the   scolex.      The   anterior  portion   of   the   scolex,   the   rostellum, 
booklets,  and  suckers,  are  often  invaginated  in  the  posterior  portion. 
The  scolices  may  be  free  inside  of  the  brood  capsules,  or,  owing  to  the 
rupture  of  the  latter,  tbey   may  be  free  in  the  cavity  of  the  primary 
cysts.     They  may  die  and  degenerate,  forming  a  granular  mass  in  which 
the  booklets  may  be  embedded, 
or  the  booklets  may  be  free  in 
the   brood    capsules   or   in   the 
primary  cysts.     Sterile  cysts  are 
often   found,  that  is,   those  in 
which    neither    brood    capsules 
nor  scolices  are  developed. 

The  cysts  contain,  in  addi- 
tion   to    the    scolices,    a    clear, 
gelatinous  fluid.     This  fluid  may 
become    turbid    by    admixture 
with    disintegrated    scolices    or 
fragments  of  the  parenchymat- 
ous   layer,   or   it   may   contain 
fatty  detritus,  cholesterin  crys- 
tals, and  particles  of  lime  salts. 
The  fluid  may  be  partially  absorbed,  leaving  a  thick,  grumous  material 
within  the  cysts,  which  may  become  calcified  or  converted  into  a  stony 
mass.     When  the  scolices  are  not  found  entire  the  diagnosis  may  be 
made  by  the  discovery  of  the  separate  booklets  (Fig.  84)  or  fragments  of 


126  ANIMAL    PARASITES 

the  characteristically  lamellated  cyst  walls.     The  connective-tissue  walls 
of  the  primary  cysts  may  become  fatty,  or  caseous,  or  calcified. 

Sometimes  the  secondary  vesicles  project  outward  instead  of  inward, 
forming  a  series  of  cysts  outside  of  the  primary  one.  This  variety  of 
development  is  sometimes  seen  in  man,  but  is  more  common  in  the 
domestic  animals.     It  is  called  Echinococcua  scolecipariens  or  exogena. 

Another  variety  of  echinococcus, 
called  E.  mvltilocuLariSj  is  almost  always 
found  in  the  liver,  and  appears  to  be  the 
result  of  incomplete  and  disturbed  de- 
velopment of  the  embryos  or  cysts.  It 
consists  of  a  congeries  of  irregular,  usually 
small  cysts  (Fig.  486,  p.  739) ,  surrounded 
by  broad  and  narrow  bands  of  connective 
tissue,  and  sometimes  containing  gelatin- 

Fia.  84.-HooKLE«  fhom  scolex  o,     ^^s  ^^^d  and  scolices  or  booklets;  but 
TiENiA  Echinococcus.  the  latter  structures  are  commonly  absent 

or  difficult  of  detection.  The  whole  is 
often  surrounded  by  a  dense  connective-tissue  capsule  which  may  be 
calcified.  The  entire  mass  often  presents  an  alveolar  structure  and  was 
formerly  regarded  as  a  tumor — alveolar  cancer.  The  diagnosis  may  be 
established  by  the  discovery  of  the  booklets  or  scolices,  or  fragments  of 
the  lamellated  cuticula.     This  form  of  the  parasite  is  rare  in  America. 

There  are  four  or  five  other  species  of  tsenia,  occurring  rarely  in  man. 

Tasnia  nana. — This  species  occurs  in  the  form  of  small  colonies,  about  15  mm.  in 
length.  The  rostellum  is  surrounded  by  a  single  row  of  booklets.  It  is  frequently 
found  in  the  intestinal  contents  of  Italian  children,  of  the  inmates  of  asylums  for 
the  insane,  and  of  a  considerable  proportion  of  the  population  of  some  of  the  South- 
em  States.  Tcenia  flavopunctatay  a  species  about  which  little  is  known,  is  reported 
twice  in  America  as  occurring  in  the  intestine  of  young  children.  Tmnia  madagascari- 
ensisy  also  little  known  and  rare,  has  been  seen  in  two  children  in  Madagascar. 

Taenia  cucumerina. — This  species  occurs  in  colonies  about  20  cm.  long.  The  head 
is  very  small  and  spheriodal,  and  has  four  rows  of  booklets.  It  is  frequent  in  the 
small  intestines  of  dogs  and  cats.  It  occurs  occasionally  in  man.  Its  scolex  inhabits 
the  dog  louse,  and  infection  may  occur  in  man  by  the  transference  of  the  lice  or  the 
embryos  of  the  parasite  to  the  mouth,  as  the  result  of  the  filthy  habit  of  kissing  dogs 
and  cats  or  permitting  the  face  to  be  licked  by  them. 

Bothriocephalus  latus. — ^This,  the  largest  of  the  human  tape  worms,  has  very  broad, 
quadrangular  proglottides.  The  head  is  ovoidal  and  about  2  mm.  long  and  1  mm. 
broad.  It  has  no  proper  sucking  discs  and  no  booklets,  but  by  long  grooves  on  either 
side  of  the  head  the  animal  attaches  itself  to  its  host.  The  neck  is  long  and  filiform. 
It  occurs  most  frequently  in  Europe,  particularly  in  the  northern  provinces.  The  eggs 
undergo  partial  development  in  water,  and  are  taken  up  by  the  pike  and  eel-pout,  and 
perhaps  by  other  fresh- water  fish,  from  the  ingestion  of  whose  flesh  in  an  imperfectly 
cooked  condition  the  human  infection  occurs.  Two  other  species  of  Bothriocephalus 
have  been  described  as  of  rare  occurrence  in  man:  B.  cordatus  in  Greenland  and  Ice- 
land, and  B.  cristatus. 

NEMATODA  (Round  Worms). 

These  worms  are  in  general  cylindrical,  elongated,  usually  pointed 
at  the  ends,  and  sometimes  filiform.  The  surface  is  sometimes  smooth, 
sometimes  irregularly  beset  with  hairs  and  papillae,  or  possesses  longi- 
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tudinal  elevated  strife  or  transverse  rings;  but  the  body  is  not  segmented. 
There  is  a  mouth  at  the  anterior  portion,  and  a  ventral  anus  near  the 
posterior  end.  The  intestine  is  straight.  The  sexes  are  in  most  forms 
distinct,  the  male  being  in  general  smaller  than  the  female. 

Ascaris  lumbrictndes. — This  is  one  of  the  most  common  of  the  human 
intestinal  parasites,  and  is  of  particularly  frequent  occurrence  in  chil- 
dren.    It  is  of  a  light-brownish  or  reddbh  color.     The  female  is  from  30 


to  40  cm.  long  and  from  5  to  6  mm.  thick.  The  male  is  somewhat  more 
than  half  &&  large  (Fig.  85).  Both  sexes  are  pointed  at  the  ends,  the 
posterior  end  of  the  male  being  curved  into  a  spined  hook.  The  eggs, 
from  0.05  to  0.06  mm.  in  diameter,  are  surrounded  by  an  albuminous 
envelope  (Fig.  86  A)  and  are  quite  resistant  to  destructive  agcnciea. 
The  mode  of  development  and  life  history  of  these  parasites  are  not  very 
well  understood.  Their  usual  seat  in  man  is  the  small  intestine,  but  they 
may  wander  into  the  stomach,  and  exceptionally  get  into  the  mouth, 
nose,  bronchi,  gall-passages,  peritoneal  cavity,  etc.  They  may  be  single 
in  the  gut  or  present  in  great  numbers. 

Tvo  other  species  of  ascaris  have 
been  found  in  man.  A.  maritima 
»"aa  found  in  the  vomit  of  a  child  in 
Greenland,  in  an  immature  condi- 
tion. A.  mystax,  a  tolerably  com-  J 
mon  form  in  cats  and  dogs,  has  I 
been  found  a  few  times  in  man. 
It  is  smaller  than  A.  lumbricoides. 

Oxyuris    vermicularis    (Thread-  , 

worm  or  Pinworm). — This  species  _ 

is  very  small;  the  female  has  a  ^  EKaofTsmrt 
pointed  tail  and  is  about  1  cm.  s.'eopot  Oiyori; 
long.  The  posterior  end  of  the 
male,  which  is  about  4  mm.  long,  is  blunt,  and  after  death  somewhat 
curled  (Fig.  87) .  The  eggs  (Fig.  86  B)  are  produced  in  great  numbers, 
are  oval,  and  about  0.052  mm.  long.  This  parasite  is  very  common 
in  children,  and  may  be  present  in  large  numbers  in  the  colon.  This 
worm  is  known  to  infest  only  the  human  subject,  and  infection  doubt- 
less occurs  by  the  ingestion  of  the  eggs,  which  are  widely  distributed  in  a 
varietj-  of  ways  on  many  objects,  fruits,  etc. 
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Strongylus  gigas. — This  is  a  slender  red  worm,  the  female  being 
sometimes  1  metre  long  and  over  1  cm.  in  diameter.  It  has  been  found 
several  times  in  the  pelvis  of  the  kidney  in  man.  It  is  more  common  in 
the  wolf,  fox,  horse,  seal,  and  some  other  animals. 

Strongylus  longevaginatus. — The  female  is  about  2.5  cm.  long,  the 

male,  as  usual,  shorter.  It  is  of  a  yellowish-white 
color,  and  has  been  found  once  in  the  lung  of  a  boy  in 
Germany. 

Strongylus  subtilis. — A  very  small  species  (female 
5.6-7  mm.  long)  has  been  described  by  Looss  as 
occurring  in  Egypt  in  the  human  intestine.  But  it  is 
believed  to  be  without  pathological  significance. 

Uncinarla  (Hookworm). — There  are  two  forms  of 

hookworm,  that  common   in   European   and   other 

countries,    Uncinaria   duodenalis   {Ankylostoma  duo- 

Fig.  87.— oxturib        denote),    Stilcs,    and    the    hookworm    of    the    New 

A,  Female.    B,  Male.      Worfd,  Undnaria  americana,  Stiles.     The  latter  worm 

is  from  7-11  mm.  long.  The  mouth  is  furnished  with 
a  chitinous  capsule  and  chitinous  claws  and  teeth.  It  is  found  especially 
in  the  small  intestine.  The  head  is  burrowed  into  the  mucous  mem- 
brane of  the  host  and  the  animal  is  nourished  by  the  blood  which 
it  sucks.  Ecchymoses  may  be  produced  at  the  point  of  attachment 
or  even  severe  haemorrhage.  The  worms  are  often  present  in  large 
numbers.  The  eggs  are  deposited  in  the  intestine  of  the  host,  escaping 
in  the  foeces.  These  may  develop  in  a  short  time  outside  the  body  and 
then  the  parasite  can  gain  access  to  the  host  either  through  the  skin  or 
by  the  mouth. 

Hookworm  disease,  uncinariasis,  is  widespread,  involving  in  this 
country  the  Southern  States  and  adjacent  islands  where  it  is  of  serious 
importance  on  account  of  anaemia,  gastro-enteritis,  haemorrhage,  and 
general  debility,  etc.,  which  often  mark  its  presence.  It  is  estimated 
that  in  some  districts  90  per  cent,  of  the  inhabitants  are  affected. 

By  proper  attention  to  sanitation  in  the  disposal  of  excreta,  the 
ravages  of  this  parasite  could  be  checked. 

Trichocephalus  dispar  (Whipworm). — The  males  and  females  are  of 
nearly  equal  size,  4  to  5  cm.  long.     A  little  less  than  one-half  of  the 
body  (the  posterior  portion)  is  about  1  mm. 
thick,  and  in  the  male  is  rolled  into  a  flat- 
tened   spiral,    but   in   the  female  is   but 
slightly  bent.     The  anterior  part  of  the 
body  is  very  slender  (Fig.  88)  and  is  em- 
bedded in  the  mucous  membrane  of  the 
host.     The  eggs  are  elongated,  oval-shaped,     Fio.  ss.— trichocbphalus  Dispar. 
about  0.05  mm.  long  and  about  one-half  as      f~™  ^«  ^^"^  °^  *^«  ^""^  veneris, 
wide,  with  a  thick  brown  capsule.     This 

parasite  is  very  common  in  some  countries,  especially  in  France  and 
southern  Italy.  It  is  commonly  found  in  the  caecum^  usually  in  small, 
but  sometimes  in  very  large,  numbers.     It  is  generally  of  little  patho- 


129 

logical  significance,  commonly  producing  no  symptoms.     Its  develop- 
mental history  is  not  well  known. 

Trichina  spiralis. — The  female  of  this  common  parasite  is,  in  the 
mature  condition,  about  3  mm.  long,  the  male  from  1  to  1 . 5  mm.  long; 
they  are  filiform  in  shape  and  white  in  color.  The  young  are  born  in 
the  form  of  tiny  worms  about  0.01  mm.  in  length  and  somewhat  similar 
to  the  adult  in  shape.  Infection  occurs  in  man  from  the  ingestion  of 
insufficiently  cooked  pork.  The  muscle  of  the  diseased  pig  contains 
the  embryos  of  the  parasite  in  an  encysted  condition.  In  the  stomach 
the  capsule  of  the  worm  is  dissolved  and  the  embryos  are  set  free.  They 
very  rapidly  mature,  increasing  in  size,  and  the  females  give  birth  in 
the  small  intestine  to  very  large  numbers  of  young.  It  is  estimated  that 
a  single  female  may  give  birth  to  from  1,300  to  1,500  young.  These 
find  their  way  through  the  mucous  membrane  and  wall  of  the  gut,  into 
i  parts  of  the  body.' 


^e  pAim«t«  are  fa 

izuteriifcl  r^tacing  it  ■  calcined. 

The  exact  course  which  they  take  in  getting  out  of  the  gut  is  not 
fully  established;  probably  they  traverse  the  tissues  in  different  ways. 
At  any  rate,  they  find  their  way  to  the  voluntary  striated  muscle  tissue, 
which  they  penetrate,  and  enter  the  muscle  fibres.  Here  they  cause  a 
disintegration  of  the  contractile  substauce,  and  coil  themselves  inside 
of  the  sarcolemma.  In  this  situation  they  become  encapsulated  by 
material  in  part  furnished  by  themselves,  in  part  by  means  of  the  inflam- 
matory reaction  which  their  presence  induces  in  the  connective  tissue  of 
the  muscle.  The  worms  are  surrounded  inside  the  capsule  by  granular 
material  (Fig.  89),  The  capsule  after  a  time  becomes  partially  calcified, 
and  in  this  condition  may  be  readily  seen  by  the  naked  eye  as  a  tiny  white 
speck.  In  this  encysted  state  they  may  remain  inactive  but  living  for 
an  indefinite,  often  for  a  very  long  time.  Most  frequently  the  cysts 
contain  but  one  embryo,  but  they  may  contain  from  two  to  four.  The 
embryo  may  die  and  its  remains  become  calcified. 

'  UiTTiet  and/onewaif  ban  rouod  the  embryo  in  the  blood,  see  Arch.  Int.  Med.  iu..  263, 19W. 
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The  same  course  of  events  follows  when  the  muscle  trichinae  are  eaten 
by  the  pig  or  a  variety  of  other  animals. 

The  embryos  in  the  muscle  are  killed  by  a  temperature  of  55®  C.  and 
by  some  of  the  methods  of  curing  pork. 

The  embryos  may  mature  and  a  new  generation  be  bom  within  from 
five  to  eight  days  after  the  ingestion  of  the  diseased  meat. 

As  the  result  of  the  presence  of  these  parasites  in  the  body,  if  the 
invasion  be  severe,  nutrition  may  be  impaired  and  catarrhal  enteritis, 
broncho-pneumonia,  hyperplasia  of  the  mesenteric  lymph-nodes,  and 
fatty  degeneration  of  the  liver  may  occur.  Leucocytosis  with  a  great 
increase  in  the  number  of  eosinophile  cells  is  common.^  The  encapsu- 
lated embryos  may  be  found  in  enormous  numbers  in  various  voluntary 
muscles  of  the  body,  but  they  are  most  apt  to  be  found,  when  not  very 
abundant,  in  the  muscles  of  the  neck  and  larynx,  in  the  intercostals  and 
the  diaphragm.  They  tend  to  collect  toward  the  tendinous  extremities 
of  the  muscles.  Trichinae  also  occur  in  the  rat,  cat,  mouse,  and  other 
animals. 

Filaria  medinesis  (Guinea  worm). — This  is  a  thread-like  worm,  the 
female  being  sometimes  as  much  as  80  cm.  long  and  from  0.5  to  1.7  mm. 
thick.  The  male,  which  is  rarely  found,  is  much  smaller,  measuring 
only  about  4  cm.  in  length.  It  is  common  in  the  East,  and  inhabits 
the  subcutaneous  connective  tissue,  in  which  it  often  gives  rise  to  ab- 
scesses and  ulcers.  Eosinophilia  is  commonly  present.  The  embryos 
live  for  a  time  free  in  fresh  water,  and  are  taken  up  by  a  species  of 
fresh-water  crustacean,  in  whose  body  they  undergo  further  develop- 
ment, and  by  the  ingestion  of  which  the  infection  of  the  human  subject 
occurs. 

Filaria  sanguinis  hominis. — The  embryo  of  this  parasite,  which 
inhabits  the  blood  and  lymph  of  man,  especially  in  Brazil,  Egypt,  and 

some  parts  of  the  Orient,  and  occa- 

z^^^*.^  sionally    occurs    in  this    country,   is 

c/        ^X&^  i-^-ifc^^^  about  0.35  mm.  long,  rounded  ante- 

(f    yi  riorly,  and  pointed  at  the  tail  (Fig. 

V^^  90).     It  has  about  the  diameter  of  a 

Fio.  oo.-FiLiARiA  sANouiNw  HOMINIS  ^cd  Wood  ccll.  It  occurs,  sometimes 
—Embbtonic  Form  FBOM  THE  Blood.  in  great  numbers,  in  the  blood  dur- 
ing the  night  time,  being  as  a  rule 
absent  during  the  day.  It  may  occur  in  the  urine  in  connection  with 
chyluria  and  haematuria.  The  mature  female  is  from  8  to  10  cm.  long, 
and  has  been  found  inhabiting  the  lymph-vessels  of  man,  particularly 
in  the  scrotum  and  lower  extremities.  Owing  to  the  obstructions  which  it 
causes  in  the  lymph  circulation,  and  to  the  local  irritation  which  its  pres- 
ence induces,  it  sometimes  gives  rise  to  lymphangiectasis,^  oedema,  ab- 
scesses, and  perhaps  elephantiasis.  Eosinophilia  is  common.  One  of 
the  embryonic  stages  of  development  is  believed  to  take  place  in  the 
body  of  a  species  of  nocturnal  mosquito.     Through  the  bodies  of  the 

^  See  AlbeH,  Am.  J.  Med.  Sci..  Aug..  1910. 

•  For  a  study  of  filarial  lymphatic  varix  see  Opie,  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  314. 
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dead  mosquitoes,  which  are  liable  to  fall  into  the  drinking-water,  it  is 
believed  that  the  spread  of  the  parasite  may  occur. 

There  are  several  other  species  of  filaria  occasionally  found  in  man 
which  it  is  not  necessary  to  enumerate  here.^ 

Rhabdonema  strongyloides. — A  small,  filiform  worm  from  1  to  2  mm. 
in  length  is  found,  often  in  enormous  numbers,  in  the  intestines,  biliary 
and  pancreatic  ducts  of  man  in  Cochin  China,  Italy,  South  and  Central 
America,  giving  rise  to  endemic  diarrhoea.  It  has  been  thought  that  there 
are  at  least  two  species,  which  have  been  described  under  the  generic 
name  AguiUvla  but  recent  researches  by  Leuckart  have  led  him  to  believe 
them  to  be  different  developmental  stages  of  the  same  form,  for  which  he 
suggests  the  above  name. 

Methods  of  Study  of  Worms. 

Filaria  sanguinis  may  be  preserved  by  preparing  a  smear  of  the  blood  containing 
it  on  a  sUde  in  the  usual  way  (see  p.  316),  and  staining  with  methylene  blue. 

The  larger  parasites  may  be  hardened  in  formalin  and  studied  whole  after  dehydra- 
tion in  alcohol  and  clearing  in  oil  of  cedar  or  origanum.  Or  sections  may  be  made  after 
embedding,  and  stained  and  mounted  in  the  usual  way. 

The  examination  of  muscle  for  trichina  is  often  of  great  practical  importance.  For 
this  purpose  small  pieces  of  fresh  muscle  are  squeezed  into  a  thin  sheet  between  two 
slid^y  and  examined  with  a  low  power.  A  considerable  number  of  bits  of  muscle 
should  be  examined,  particularly  from  the  above-mentioned  favorite  situations,  be- 
fore excluding  them  in  a  suspected  case,  because  they  are  sometimes  present  in  small 
numbers.  A  thorough  search  is  of  special  importance  in  the  examination  of  pork, 
since,  owing  to  the  enormous  fertility  of  the  parasites,  even  a  moderate  number  may 
give  rise  to  a  severe  infection. 

For  the  minute  examination  of  the  parasite,  bits  of  muscle  should  be  hardened  in 
Orth's  fluid  and  alcohol,  decalcified  if  necessary,  and,  after  embedding  in  celloidin,  thin 
sections  cut  and  stained  double  with  hsematoxylin  and  eosin,  and  mounted  in  balsam. 
Bits  of  muscle  may  be  abo  teased,  the  embryos  picked  out  with  a  needle,  and  the  cysts 
either  broken  open  under  a  lens  with  the  needle,  or  squeezed  under  the  cover-glass. 
The  embryo  worm  thus  set  free  may  be  mounted  in  a  mixture  of  equal  parts  of  glycerin 
and  saturated  aqueous  picric  acid.  The  adult  forms,  which  may  be  obtained  by  feed- 
ing rabbits  with  uncooked  trichinous  muscle,  and  examining  after  the  proper  interval, 
may  be  hardened  in  Orth's  fluid,  and  mounted  in  a  mixture  of  equal  parts  of  picric 
acid  and  glycerin,  or  in  the  same  mixture  which  has  been  lightly  tinged  with  eosin. 

Arthropoda. 

The  scope  of  this  work  does  not  permit  us  to  enter  in  detail  into  the 
subject  of  external  parasites,  which  will  be  found  described  in  treatises 
on  diseases  of  the  skin  or  in  the  general  works  on  parasites  referred  to 
below.  But,  owing  to  their  frequent  occurrence  and  practical  impor- 
tance, we  may  briefly  describe  two  of  the  more  common  forms  of  ar- 
thropods, the  "itch  insect"  and  the  "louse." 

The  common. "itch  insect" — Sarcoptes  hominis  {Acarus  scahiei) — is 
shaped  somewhat  like  a  turtle,  with  a  chitinous  covering,  and  presents 
the  general  appearance  seen  in  Fig.  91.  The  female  is  about  0.45  mm. 
long,  the  male  a  little  smaller. 

>  See  FUUebom  in  "KoUe  and  Wassermaim,"  2d  edition,  Bd.  viii.,  p.  185. 


132 


ANIMAL   PARASITES 


The  parasite  bores  little  tunnels  in  the  skin,  in  which  the  eggs  are 
laid  and  the  young  hatched.  After  a  few  days  these  bore  fresh  channels 
in  the  skin.  For  their  detection  a  bit  of  the  superficial  layer  of  the  skin 
is  snipped  out  with  curved  scissors,  dehydrated  and  cleared  up  with  oil 
of  cloves,  and  examined  under  a  low  power,  when  the  tunnels  and  the 
parasites,  if  present,  will  be  readily  visible. 


Fig.  91.  — Sarcoftbs  Hom- 
INI8— THK  "Itch  Insect." 


Female;  back  view. 
Funtenberg. 


After 


Fio.  92. — Pkdicclus 
Capitis — thb    '*Hbad 
Louse." 
Male.    After  Braim. 


The  head  louse,  PedicuLus  capitis,  is  from  1  to  2  mm.  long,  the  female 
being  slightly  the  larger.  The  general  appearance  of  the  insect  is  seen 
in  Fig.  92.1 

Methods  of  Study  of  Insects. 

These,  if  small,  may  be  cleared  in  turpentine  and  moimted  in  balsam,  or  sections 
may  be  cut  after  embedding  in  paraffin. 

^  Bibliooraphy. — Especially  to  be  recommended  for  detailed  description  of  human  and  animal 
parasites  is  the  small  work  of  Brumpl,  "Precis  de  Parasitologie,"  Paris,  2d  edition,  1913. 

(Consult  also,  especially  for  the  forms  of  eggs  and  other  parts  of  animal  parasites  which  may  be 
found  in  the  excreta,  vonJcikach,  Wood,  or  Simon,  or  other  works  on  clinical  microscopy. 

The  Reports  of  the  Bureau  of  Animal  Industry  of  the  U.  S.  Department  of  Agriculture  contain 
many  valuable  data  relating  to  animal  parasites  and  the  diseases  of  animals  in  the  United  States. 

See  for  a  general  study  of  the  e£Fects  of  parasites  on  their  host.  Ward,  Science,  vol.  zxv.,  201,  1007. 


CHAPTER  VII 

PLANT  PARASITES, 

The  plant  parasites  of  man  belong  among  the  simplest  of  living 
organisms.  Three  distinct  groups  are  of  frequent  occurrence  in  or  upon 
the  body.     These  are: 

1.  Bacteria,  or  fission  fungi  (Schizomycetes). 

2.  Yeasts,  or  yeast  fungi,  or  sprouting  fungi  (Blastomycetes). 

3.  Moulds,  or  mould  fungi  (Hyphomycetes). 

The  first  group,  the  bacteria,  is  of  the  greatest  significance,  because 
it  contains  organisms  which  are  very  frequently  the  excitants  of  serious 
disease. 

The  scope  of  this  work  does  not  permit  more  than  a  brief  outline  of 
the  rapidly  increasing  knowledge  of  the  forms,  nature,  and  performances 
of  the  bacteria.    For  details  we  refer  to  special  treatises  on  bacteriology.* 

I.  Bacteria. 

MORPHOLOGY,  PHYSIOLOGY,  AND  DISTRIBUTION. 

Bacteria  are  minute  unicellular  plants  devoid  of  chlorophyll,  mtdti- 
plying  by  transverse  division  and  in  some  cases  preserving  the  species 
by  the  formation  of  spores. 

The  colorless,  sometimes  granular  protoplasm  is  enclosed  by  a  mem- 
brane, and  some  forms  are  surrounded  by  a  transparent  capsule.     Not 


Fia.  93. — Bactbria  with  Flaqblla.  Fio.  94. — Typical  Forms  op  Bacteria. 

Cocci,  Bacilli,  and  Spirilla. 

infrequently  parts  of  the  protoplasm  appear  less  dense  than  the  rest, 
as  if  from  vacuolation,  and  a  few  observers  have  claimed  to  demonstrate 
in  certain  forms  a  nuclear  substance. 

Many  of  the  bacteria,  especially  bacilli  and  spirilla,  less  frequently 
the  cocci,  have  hair-like  processes  called  flagella  which  are  apparently 
organs  of  locomotion  (Fig.  93).     These  may  be  single  or  in  tufts;  may  be 

>  Hisa  and  ZtfUMr,  "Text-book  of  Bacteriology,"  1914;  Park  and  Williama,  "Pathogenic  Bacteria 
and  Protosoa,  1910. 
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at  one  or  both  ends  or  over  the  general  surface.  Their  number  and 
distribution  seem  sometimes  to  be  characteristic  of  special  forms.  (See 
Motility  below.) 

Forms  of  Bacteria. — Bacteria  may  be  grouped  in  three  classes  (Fig. 
94). 

1.  Spheroidal  bacteria. — Cocci  or  micrococci  (singular,  coccus/ micro- 
coccus). 

2.  Rod-like  bacteria. — Bacilli  (singular,  bacillus). 

3.  Spiral  bacteria. — Spirilla  (singular,  spirillum). 

All  straight  bacteria  which  have  one  axis  longer  than  the  other  are 
called  bacilU,  even  though  the  form  is  oval  rather  than  rod-like.  The 
ends  of  bacilli  may  be  square  or  rounded,  and  in  stained  preparations,  in 
some  cases,  concave. 

While  the  cocci  elongate  a  little  in  preparation  for  fission  and  in  this 
condition  present  a  slight  irregularity  in  the  length  of  their  axes,  and  thus 
resemble  bacilli,  the  complete  observation  of  their  life  cycle  rarely  permits 
error  in  the  determination  of  the  primary  group  to  which  a  given  micro- 
organism belongs. 

Variations  in  Form  and  Size. — Some  bacteria  present  slight  modifica- 
tions of  the  fundamental  form  in  certain  phases  of  their  growth  and  under 
various  chemical  and  physical  conditions.  Thus  some  of  the  cocci  after 
division  are  slightly  flattened  on  their  contiguous  sides — biscuit-shaped; 
certain  bacilli  may  bulge  slightly  in  the  middle — Clostridium  forms;  others 
may  be  larger  at  one  end  than  at  the  other — racket-shaped;  bacilli  from 
the  same  culture  may  present  considerable  irregularities  in  breadth  and 

especially  in  length.  The  morphology  may 
differ  somewhat  under  different  growth  con- 
ditions. But  these  slight  variations  in  form 
rarely  give  rise  to  serious  diflSculty  in  classifi- 
cation. 

Finally,  when  bacteria  are  placed  under 
conditions  unfavorable  for  the  maintenance 
of  their  life  processes,  and  when  they  are 
dead,  they  are  often  irregularly  swollen  and 
contorted  or  may  undergo  partial  disintegra- 
tion, giving  rise  to  what  are  known  as  ^* involution  forms.^' 

While  all  bacteria  are  minute*  there  is  among  them  considerable 
diversity  in  size,  some  being  many  times  larger  than  others.' 

Certain  bacteria,  those  of  the  diphtheria  group  for  example,  contain 
deeply  staining  bodies  called  metachromatic  granules  the  nature  of  which 
is  as  yet  undetermined. 

Reproduction  of  Bacteria. — When  the  bacteria  are  about  to  multiply 
by  fission  they   elongate,  a  dividing  septum  forms,  they  become  con- 

1  Pronounced  kok^-tu^  plural  kok'-ai.  The  term  micro-orffaniam  includes  all  of  these  fonns  of  minute 
and  lowly  plants.     They  are  sometimes  spoken  of  collectively  as  germa  or  microbes. 

'  Some  forms,  those  for  example  inducing  the  pleuro-pneumonia  of  cattle,  are  beyond  the  present 
resolving  power  of  the  microscope — ultramicroscopic.  For  a  review  of  ultramicroscopic  bacteria  or 
filterable  viruses  see  Wolbach,  Jour.  Med.  Res.,  1912,  N.  S.  xxii.,  1. 

'  For  convenience  of  expression  microscopists  have  agreed  to  let  the  letter  /t  stand  for  the  word 
micromillimetre,  which  is  one-thousandth  part  of  a  millimetre.  This  unit  of  measure,  equal  to  about 
one-twenty-five  thousandth  of  an  inch,  is  often  called  a  micron. 


\^ 

/ 

/ 

1 
• 

Fig.  95.- 

-Bacteria  with  Cap- 

SULB8. 

(Pneumococcus. ) 
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FiQ.  96. — Growth  AoaRBOATss  or  Bactbria. 

1,  Diplococous;  2,  streptoooocus;  3.  meris- 
mopedia;  4,  diplobacilliis;  5,  streptobacilli;  6, 
curved  bacteria  forming  chains. 


stricted  at  a  right  angle  to  the  axis  elongation,  and  finally  two  inde- 
pendent organisms  are  produced.  The  multiplication  of  bacteria  by 
fission  may,  when  the  conditions  are  favorable,  occur  so  rapidly^  as  to 
give  rise  within  a  few  hours  to  an  enormous  number  of  new  individuals. 

Aggregations  of  Bacteria. — 
In  many  cases,  the  new  individuals 
thus  developed  fall  apart  in  a  form 
identical  with  that  of  the  parent 
cell.  In  some  species,  on  the  other 
hand,  the  new-formed  individuals 
are  prone  to  cling  together  with 
greater  or  less  tenacity,  thus  giving 
rise  to  growth  aggregates  which  are 
more  or  less  characteristic  (Fig.  96). 
Thus  among  the  cocci  there  are 
those  in  which  a  large  part  of  the 
new  individuals  cling  together  in 
pairs.  These  forms  are  called  diplo- 
cocci.  In  others  the  pairs  cling 
together  in  longer  aggregates  or 
chains.  Such  are  called  streptococci, 
A  similar  occurrence  in  the 
bacilli  gives  rise  to  diplobacilli  and  streptobaciUi.  Some  of  the  spiral  forms 
are  due  to  the  close  junction  end  to  end  of  oppositely  curved  segments. 

Certain  cocci  divide  in  two  directions  at  right  angles  to  each  other, 
giving  rise  to  four  cocci  clinging  together  and  lying  in  the  same  plane. 
These  are  called  tetrads  or  merismopedia. 

Finally  cocci  may  divide  along  three  planes  at  right  angles  to  each 
other,  giving  rise  to  cuboidal  packets  of  eight  germs  or  some  multiple  of 

this — such  growth  groups  are  called  sardna*  (Fig.  97) . 
Higher   Bacteria. — There  is  a  family   of   fila- 
mentous  or  branching  organisms  which  are  often 
spoken  of  as  polymorphous  or  higher  bacteria,  some 
of  which  may  indeed  be  links  between  the  bacteria 
and  higher  plant  forms.     Filamentous  bacteria  are 
more  or  less  distinctly  segmented,  and  the  segments 
may  be  enclosed  in  a  common  sheath.     The  modes 
of  reproduction  and  a  certain  specialization  of  func- 
tion of  different  parts  of  the  filaments  which  is 
frequently  present  indicate  affiliations  with  higher 
forms.     By  this  specialization  of  function  is  meant  the  attachment  of  the 
threads  at  one  end  to  the  substance  on  which  they  grow,  and  the  forma- 
tion at  the  free  ends  of  structures  which  appear  to  be  concerned  in  the 
reproduction.     Several  groups  of  these  organisms  have  been  named,  but 

*  a.  Fischer  has  estimated  that  the  cholera  spirillum  may  undengo  complete  fission  at  intervals  of 
tboot  twenty  minutes  so  tiiat  a  single  organism  might  give  rise  under  favorable  conditions,  could  these 
be  secured,  to  1600  trillions  in  twenty-four  hours. 

'  Bacteria  in  masses  embedded  in  and  held  together  by  a  more  or  less  abundant  homogeneous 
material  which  they  elaborate  are  called  eooglma. 


Fig.  97. — Sarcina. 

Showing  growth  aggregates 
in  cuboidal  masses. 
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few  of  them  have  as  yet  been  adequately  studied.  The  groups  strepto- 
thrix,  cladothriz,  crenothriXj  leptothrix  may  be  named.  Among  these  the 
streptothrix  (nocardia)  is  of  the  most  significance  here,  since  pathogenic 
forms  are  known.  ^  The  Streptothrix  actinomyceSj  and  closely  related 
species,  and  the  lesions  which  they  induce,  will  be  described  later. 
There  are  many  reasons  for  the  belief  that  the  forms  called  streptothrix 
and  actinomyces  are  more  closely  related  to  the  moulds  than  to  the 
bacteria,  but  the  scope  of  this  work  does  not  permit  the  discussion  of  the 
subject,  particularly  difficult  as  it  is  on  account  of  the  confusion  of  terms 
and  the  lack  of  sufficient  knowledge  of  the  life  history  of  the  organisms 
involved  (see  Actinomyces,  p.  231). 

Variations  in  Forms. — Their  apparently  simple  structure  and  the 
lowly  position  which  bacteria  occupy  in  the  scale  of  living  things  have 
given  rise  to  the  conjecture  that  marked  changes  in  form  within  the 
limits  of  the  primary  groups,  or  even  changes  from  one  primary  group 
to  another,  may  be  brought  about  by  alterations  in  environment,  food, 
etc.  In  the  early  days  of  the  exact  study  of  bacteria  this  belief  in 
pleomorphism  in  bacteria  found  ready  currency.  But  the  more  exact 
study  of  separate  forms,  which  the  new  technique  has  made  possible, 
has  led  to  the  general  acceptance  of  the  view  that  variations  do  not  occur 
except  within  comparatively  narrow  limits,  and  that  what  we  are 
accustomed  to  call  species  of  bacteria  maintain  their  morphological 
characteristics  with  tenacity  under  the  most  varied  changes  in  environ- 
ment, even  though  these  persist  through  the  countless  generations  which 
may  pass  within  the  limits  of  a  single  experiment.  The  physiological 
characters  of  bacteria  are,  as  we  shall  presently  see,  subject  to  wide  and 

significant  variation,  but,  so  far  as  we  can  now  see, 
monomorphism  widely,  if  not  exclusively,  prevails. 

II  mM  Spores. — Under  a  variety  of  conditions,  the  limi- 

I  ^^^  tations  of  which  are  not  very  well  understood,  new 

^^^  bacteria  are  produced,  and  the  species  is  perpetu- 

ated, not  by  simple  division,  but  by  the  develop- 
Fio.  98^Bactlu  Show-     ^^^^  ^j  spores.     The  most  common  mode  of  spore 

The  bodies  of  the  bacilli     formation  is  Called  eudogenous,     A  small,  shining 

i^e  buJ^rthri^rS^^S  ™^^  makes  its  appearance  within  the  protoplasm 
fuchsin.  '  from  which  it  is  formed,  grows  more  and  more  dis- 

tinct, and  finally  appears  as  a  sharply  defined 
spheroidal  or  oval,  strongly  refractile  colorless  body  surrounded  by  a 
limiting  membrane  (Fig.  98),  which  can  be  separately  stained  and  may 
remain  within  a  cell  membrane  or  may  free  itself  by  degeneration  of 
the  latter.  Endogenous  spore  formation  is  common  in  bacilli,  rare  in 
spirilla  and  in  cocci.  The  spores  appear  to  be  surrounded  by  a  dense 
envelope,  and  are,  as  a  rule,  much  more  resistant  to  deleterious  agencies, 
such  as  heat,  drying,  chemicals,  etc.,  than  are  the  vegetative  forms  of 
the  bacteria  themselves. 

Spores,  when  placed  under  favorable  conditions  in  the  presence  of 

1  Some  orsaniBins  commonly  called  bacilli — tubercle  bacillus  for  example — may  belong  in  this 
group. 
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moisture  and  nutriment,  swell,  become  less  refractile,  and  develop  into 
the  usual  vegetative  form.  The  actual  observation  of  this  transformation 
is,  in  doubtful  cases,  the  only  absolute  guarantee  of  the  spore  nature  of 
these  bodies,  though  staining  methods  are  useful.  Another  method  of 
sporulation — arthrogenous — has  been  described,  but  its  nature  is  not  well 
understood. 

Motility. — Some  bacteria  are  capable  of  performing  rapid  movements, 
others  are  not;  and  the  same  form  may  be  at  one  time  motile  and  at 
another  immotile,  depending  upon  external  conditions.  Movement  is 
largely  confined  to  the  rod-like  and  spiral  forms,  but  has  been  observed 
in  the  spheroidal. 

It  has  been  shown  that  certain  of  the  motile  bacteria,  when  sus- 
pended in  fluids,  are  attracted  toward,  or  repelled  from,  dissolved  chem- 
ical substances.  This  is  called  chemotaxis  (see  p.  85),  and  it  is  termed 
positive  or  negative  according  as  the  organisms  are  attracted  or  repelled. 

Conditions  of  Life,  Growth,  and  Multiplication. — The  bacteria  require 
for  their  nutrition  carbon,  hydrogen,  oxygen,  and  nitrogen,  and  certain 
mineral  salts.  These  they  can  obtain  from  proteids  and  carbohydrates. 
Free  oxygen  is  necessary  for  the  growth  and  activities  of  some  forms  of 
bacteria  and  not  for  others. 

Nitrogen  may  be  obtained  by  some  bacteria  from  inorganic  salts  of 
ammonia,  from  nitrites  and  nitrates.  Bacteria  grow  best  as  a  rule  in  an 
organic  food  medium,  especially  soluble  albuminous  material  which  is 
neutral  or  slightly  alkaline.  Most  of  these  materials  are  rendered  avail- 
able as  food  by  the  action  of  enzymes — inverting,  sugar-splitting,  proteo- 
lytic, etc.,  often  given  off  by  the  organisms  and  acting  upon  the  albu- 
minous materials. 

Those  bacteria  which  require  free  oxygen  are  called  aerobic.  Those 
which  do  not  grow  in  its  presence  are  called  anaerobic.  But  between 
these  extremes  there  are  forms  which  make  shift  to  grow  without  oxygen 
under  favorable  conditions,  though  they  make  use  of  it  when  present; 
others  grow  in  its  presence,  though  flourishing  best  in  its  absence:  these 
are  called  facultative  aerobes  or  factdtative  anaerobes,  in  distinction  from 
those  first  mentioned,  which  we  call  obligate  aerobes  or  anaerobes. 

Bacteria  are  active  only  in  the  presence  of  moisture.  When  this  and 
other  conditions  favoring  their  activity  fail  they  do  not  necessarily  die, 
but  some  forms  may  remain,  either  as  spores  or  as  fully  developed  organ- 
isms, for  long  periods  dry  and  inert,  but  capable  of  resuming  their  ac- 
tivity whenever  they  are  again  restored  to  favorable  conditions. 

Effects  of  Temperature,  Light,  etc. — Some  bacteria  are  and  some  are 
not  very  sensitive  to  changes  of  temperature.  At  a  temperature  below 
+5®  C.  they  are  incapable  of  marked  activity  or  proliferation.  At  +  7®  C. 
a  slow  growth  has  been  observed  in  various  species.  Many  forms  may 
remain  alive  for  long  periods  frozen  in  ice,  while  some  are  not  killed  by  a 
temperature  of  —250®  C.  As  the  temperature  is  raised  their  activities 
increase  up  to  a  certain  point.  It  may  be  said  in  general  that  they  are 
most  active  at  about  the  temperature  of  the  body,  although  species  differ 
considerably  in  this  respect.     In  fluids  many  bacteria  are  killed  by  a 
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prolonged  exposure  to  a  temperature  of  from  50®  to  70®  C.  or  even  less. 
On  the  other  hand,  certain  species  grow  at  a  temperature  of  from  60®  to 
75®  C.  Such  are  called  thermophilic  bacteria.  When  dry  they  resist 
much  higher  temperatures  than  when  moist.  All  known  bacteria,  save 
a  few  very  invulnerable  spore-forming  species,  are  killed  by  a  short  ex- 
posure in  the  presence  of  moisture  to  a  temperature  of  100®  C.  The 
spores  are,  as  a  rule,  more  resistant  to  high  temperatures  than  the  bacte- 
ria themselves,  some  having  been  exposed,  dry,  to  a  temperature  of  140°  C. 
without  destruction  of  life.  Fluids  containing  the  spores  of  bacteria 
which  resist  very  high  temperatures  may  be  sterilized  by  boiling  for  a 
short  time,  then  being  allowed  to  stand  at  ordinary  temperatures  for 
several  hours,  and  then  again  boiling;  this  process  being  repeated  several 
times.  In  this  way,  although  the  spores  themselves  are  not  killed  by  the 
heat,  the  bacteria  into  which,  if  the  conditions  be  favorable,  they  develop 
during  the  intervals  are  killed,  so  that  finally  the  medium  is  entirely  freed 
from  both  living  spores  and  adult  bacteria.  Strong  light  is  in  general 
inimical  to  the  life  and  growth  of  bacteria,  and  by  direct  sunlight  many 
forms  are  readily  killed.  Various  forms  of  electricity,  rapid  and  contin- 
ued vibration,  the  action  of  radium,  etc.,  may  kill  bacteria. 

Germicides. — Certain  chemical  agents,  when  brought  into  contact 
with  bacteria,  greatly  reduce  their  activities  or  destroy  their  life  alto- 
gether; but  different  species  differ  greatly  in  their  capacity  of  resistance 
to  these  agents.  The  spores  of  certain  bacteria  are  exceedingly  re- 
sistant, much  more  so  than  the  bacteria  themselves,  to  the  action  of 
disinfecting  agents.  Among  the  chemical  substances  commonly  used 
as  disinfectants  may  be  mentioned  formalin,  carbolic  acid,  and  espe- 
cially solutions  of  corrosive  sublimate,  which  is  very  inimical  to  the  life 
of  most  bacteria  and  their  spores,  even  in  extremely  dilute  solutions. 

Metabolism  of  Bacteria. — The  metabolism  of  bacteria  may  be  destruc- 
tive or  constructive.  Their  destructive  or  catabolic  activities  find  expres- 
sion in  the  fermentation  of  carbohydrates  and  in  the  cleavage  of  pro- 
teids  and  fats.  Their  constructive  or  anabolic  activities  are  exemplified 
by  their  building  up  of  nitrogenous  compounds  in  the  soil.  We  cannot 
here  enter  into  the  details  of  these  processes,  which  must  be  sought  in 
special  treatises. 

But  it  may  be  said  in  brief  that  a  large  number  of  complex  chemical 
substances  are  elaborated  during  the  growth  of  bacteria,  their  nature 
varying  with  the  species  of  bacteria  and  the  composition  of  their  nutrient 
material.  Some  of  the  chemical  compounds  set  free  by  the  growing 
bacteria  are  bad-smelling  or  aromatic;  some  are  inert  and  harmless  sub- 
stances; some  are  powerful  poisons,  and  may,  when  they  have  accumu- 
lated in  the  fluids  where  they  grow,  inhibit  activity  and  growth  or  even 
destroy  the  bacteria  which  have  produced  them. 

Fermentations  and  putrefactions  are  due  to  the  activities  of  micro- 
organisms, some  to  bacteria,  some  to  yeasts,  some  to  moulds.  Putrefac- 
tion is  a  form  of  fermentation  in  which  nitrogenous  compounds  are  de- 
composed by  micro-organisms  setting  free,  especially  in  the  absence  of 
oxygen,  bad-smelling  substances. 
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Bacteria  which  induce  fermentation  are  called  zymogenic — and  each 
species  induces  fermentation  of  a  particular  character  in  the  presence  of 
a  special  substance,  as  glucose,  or  members  of  a  certain  class  of  substances 
such  as  carbohydrates.  Some  of  these  fermentations  are  important  in 
the  arts;  some  are  concerned  in  the  changes  which  food  products  undergo 
under  natural  or  artificial  conditions,  such  as  the  development  of  kou- 
myss  from  milk  and  the  common  butyric,  lactic,  alcoholic,  and  other 
fermentations. 

The  chemical  changes  which  are  induced  by  micro-organisms  in  the 
process  of  fermentation  are  extremely  complex  and  little  understood. 

Bacteria  may  develop,  in  their  metabolic  activities,  soluble  ferments* 
or  enzymes  of  various  kinds  resembling  diastase,  pepsin,  trypsin,  rennet, 
etc.  These  may  remain  in  the  bacterial  cell  or  may  be  diffused  into  the 
surrounding  media.  It  is  through  these  enzymes  that  the  fermentations 
and  proteid  cleavages  so  characteristic  of  many  phases  of  bacterial 
metabolism  are  carried  on. 

Many  bacteria  form  pigments  as  they  grow  (chromogenic  bacteria). 
This  pigment  may  be  developed  in  or  upon  the  germs  themselves  or  may 
be  diffused  through  the  surrounding  media  and  may  be  developed  only 
in  the  presence  of  light,  oxygen,  etc.  Gas-producing  bacteria  are  called 
aerogenic.  Certain  species  when  growing  in  masses  emit  a  phosphor- 
escent light — photogenic  bacteria. 

Bacterial  Poisons. 

Ptomains. — Certain  basic  chemical  compounds  which  are  formed  by 
the  action  of  bacteria  upon  various  kinds  of  organic  matter  are  called 
ptomains.*  Some  of  the  ptomains  resulting  from  the  breaking  up  of  the 
protein  molecule  by  bacteria  in  decomposing  meat,  fish,  etc.,  are  poison- 
ous, though  not  apparently  of  as  much  importance  as  was  once  believed. 
But  ptomains  should  be  distinguished  from  the  true  toxins  now  to  be 
considered. 

Toxins. — True  bacterial  toxins  are  poisonous  substances  produced  by 
bacteria.  They  seem  to  be  analogous  in  nature  to  enzymes  and  may  be 
given  off  in  artificial  culture,  as  in  the  infective  processes,  during  the 
metabolic  activities  of  bacteria,  like  secretory  or  excretory  products. 
The  poisonous  substances  elaborated  in  the  growth  of  the  diphtheria  and 
the  tetanus  bacilli  are  typical  toxins.  These  toxins  are  especially 
characterized  by  their  capacity  to  stimulate  the  body-cells,  when  the 
latter  are  called  upon  to  adapt  themselves  to  their  presence,  to  the  forma- 
tion of  antibodies  (see  page  165). 

Endotoxins. — On  the  other  hand  certain  bacteria  which  develop  toxic 
substances  do  not  set  these  free  as  they  are  formed  but  store  them  in  or 
build  them  into  the  structure  of  their  bodies  whence  they  are  freed 
only  after  the  death  or  disintegration  of  the  bacterial  cell  through  autoly- 

*  See  BayliM,  Nature  of  Enssnne  Action,  3d  edition,  1014.    Also  for  technique,  WohloemtUh,  Grundrias 
der  Fermentmethoden,  Berlin,  1913. 

*  The  terniB  ptomain  and  leuoomain  are  falling  into  disuse  as  the  chemical  structure  of  many  of  the 
toxic  bases  is  being  eluddkted.     See  Barger,  The  Simpler  Natural  Bases,  New  York,  1914. 
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SIS  or  some  external  agency.  Such  toxic  substances  stored  in  the  texture 
of  the  bacteria  are  called  endotoxins  and  they  do  not  appear  directly  to 
stimulate  the  organism  to  the  formation  of  antibodies. 

It  may  be  doubted  whether  the  fuller  knowledge  of  the  future  will 
justify  so  sharp  a  distinction  between  bacterial  toxins  and  endotoxins 
as  is  at  the  moment  usually  made. 

But  the  distinction  is  useful  at  present  and  of  greatest  significance  in 
forming  our  conceptions  of  the  nature  and  phases  of  immunity. 

The  important  thing  to  remember  in  this  connection  is  that  it  is 
through  the  action  of  these  toxins,  whether  soluble  and  eliminated  during 
the  life  and  functional  activities  of  the  bacteria  or  stored  up  in  their 
bodies  to  be  set  free  only  upon  their  disruption,  that  the  most  striking 
damage  is  wrought  in  the  organisms  when  body-cell  and  bacterial  cell 
strive  to  adapt  themselves  to  one  another  in  the  processes  of  infection 
which  we  are  presently  to  study. 

It  is  probable  that  there  is  still  another  group  of  toxic  substances 
derived  not  directly  from  the  bacteria  but  from  the  action  of  certain 
products  of  bacterial  metabolism  upon  body  proteids,  so  that  it  may  be 
through  these  secondary  toxic  albumoses  that  some  of  the  serious  mani- 
festations of  infection  and  intoxication  are  induced. 

The  R81e  of  Bacteria  in  Nature. — The  bacteria  play  a  very  important 
r6le  in  nature  in  virtue  of  their  power  of  feeding  upon  and  decomposing 
dead  organic  material.  A  part  of  the  new  chemical  compounds  which 
are  thus  formed  may  be  used  by  the  bacteria  for  the  purposes  of  their  own 
nutrition  and  growth,  while  the  rest  are  set  free  to  serve,  sooner  or  later, 
as  food  for  other  forms  of  plants  or  animals.  In  the  decompositions 
which  are  brought  about  in  nature  by  the  bacteria  those  compounds  of 
nitrogen  and  carbon  dioxide  are  set  free  which  are  essential  for  the  nutri- 
tion of  the  higher  plants. 

Without  the  activities  of  bacteria,  life  could  not  be  long  maintained 
upon  the  earth,  since  the  necessary  carbon,  hydrogen,  oxygen,  and  nitro- 
gen would  soon  be  permanently  locked  up  in  unavailable  form  in  organ- 
ized material.  Through  the  action  of  the  various  nitrifying  bacteria  in 
the  soil,  ammonia  is  decomposed  with  the  formation  of  water  and  nitrous 
acid;  nitrous  is  converted  into  nitric  acid.  The  so-called  denitrifying 
bacteria  reduce  nitrates  to  ammonia  and  to  nitrites.  In  these  ways, 
among  others,  water  percolating  through  the  soil  may  be  freed  from 
objectionable  organic  compounds.  There  are  certain  soil  bacteria  which 
aid  special  groups  of  plants  to  fix  nitrogen  from  the  surrounding  media 
and  make  it  available  for  the  uses  of  the  plant. 

Distribution  of  Bacteria. — Bacteria  are  widely  distributed  in  the  air, 
in  water,  and  in  the  superficial  layers  of  the  soil,  where  they  may  be  pres- 
ent in  enormous  numbers.  They  are  especially  abundant  among  the 
habitations  of  man,  or  wherever  under  favorable  conditions  of  moisture 
and  temperature  animal  or  vegetable  substances  are  undergoing  decay. 
They  cling  tenaciously  to  moist  surfaces,  but  when  dried,  and  especially 
when  dried  upon  comminuted  material,  they  may  float  in  the  air  as  dust. 
In  quiet  air  they  gradually  settle  with  other  forms  of  dust  on  to  horizon- 
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tal  surfaces,  and  thus  in  closed,  still  rooms  the  bacteria-laden  air  may  in  a 
few  hours  almost  wholly  free  itself  of  its  living  contaminations  by  a  proc- 
ess analogous  to  sedimentation  in  water. 

This  wide-spread  transportation  of  bacteria  as  dust  by  moving  air,  and 
the  spontaneous  cleansing  of  the  latter  by  the  settlement  of  the  germs, 
are  important  factors  in  the  sanitary  problems  which  the  complex  con- 
ditions of  modem  life  present. 

While  bacteria  may  live  for  long  periods  in  the  dried  state  in  dust 
they  do  not  in  this  condition  multiply.  But  the  upper  three  or  four  feet 
of  the  soil  forms  the  great  abiding,  and  when  moist,  the  breeding  place 
of  the  myriads  of  germs  which  are  concerned  in  the  salutary  work  of 
food  preparation  for  higher  plants.  Large  numbers  of  mould  spores  are 
frequently  mingled  with  the  bacteria  in  dust  and  soil. 

Surface  waters  almost  always  contain  bacteria,  which  may  have  en- 
tered by  aerial  dust  or  from  the  wash  of  adjacent  soil  or  from  direct 
human  or  animal  contamination.  Many  bacteria  find  in  water  favorable 
conditions  of  life  and  flourish  on  what  to  other  forms  would  be  but  scanty 
nutriment.  Many  pathogenic  bacteria  may  remain  alive  for  consider- 
able periods  in  water,  but  they  do  not  usually  thrive  there. 

The  water  which  in  many  places  lies  in  hollows  of  the  rocks,  bathing 
the  deeper  layers  of  the  soil  or  gathered  in  caverns  and  recesses  beneath, 
is  called  ground  water.  This  under  favorable  conditions  is  almost  wholly 
free  from  micro-organisms;  these,  through  the  complex  processes  of  filtra- 
tion, germ  metabolism,  etc.,  which  go  on  in  the  upper  soil  layers,  having, 
together  with  inorganic  contaminations,  been  largely  retained  or  trans- 
formed as  the  surface  water  has  slowly  sought  the  lower  levels. 

The  Relationsliip  of  Bacteria  to  Other  Living  Beings. — So  far  as  we 
know,  with  few  exceptions,  the  bacteria  whose  natural  habitat  is  the  soil 
or  air  or  water  are  not,  under  usual  conditions,  harmful  to  man.  On  the 
other  hand,  it  is  germs  from  the  bodies  of  men  or  animals  who  are  the 
victims  of  infectious  disease,  gaining  access  in  one  way  or  another  to 
these  great  reservoirs  and  sources  of  distribution,  which  occasionally 
render  the  bacterial  flora  of  soil  and  air  and  water  of  direct  personal 
significance  to  man. 

It  will  be  seen  from  what  has  been  said  about  bacteria  and  their 
various  modes  of  life  that  some  live  in  or  upon  and  at  the  expense  of 
other  living  beings — ^the  hosts — these  are  parasites.  Others  which  live 
and  grow  apart  from  a  living  host  are  called  saprophytes.  In  either  class 
there  are  forms  which,  through  the  capacity  of  adapting  themselves  to 
their  environment,  can  maintain  at  one  time  a  parasitic,  at  another  a  sap- 
rophytic life.  Such  germs  are  called,  respectively,  facvltative  parasites 
or  facvUative  saprophytes.  Those,  on  the  other  hand,  whose  life  is  strictly 
limited  to  the  parasitic  or  saprophjrtic  condition  are  called  obligatory 
parasites  or  saprophjrtes. 

Not  all  the  bacteria  which  live  in  or  upon  the  bodies  of  men  and 
animals  are  in  the  stricter  sense  parasites.  The  terms  messmates  and 
commensals  have  been  applied  to  such  organisms  as  simply  live  with,  but 
do  not  necessarily  derive  nutriment  from,  the  host. 
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In  some  cases  parasitic  life  on  the  part  of  the  micro-organism  may 
contribute  to  the  welfare  of  the  host.  This  is  the  case  in  some  bacteria 
which  live  upon  the  roots  of  certain  leguminous  plants,  and  to  whose 
nutrition  they  contribute  by  rendering  atmospheric  nitrogen  directly 
available  for  the  host.     This  condition  of  life  is  called  symbiosis. 

Species  and  Varieties. — ^As  has  already  been  indicated,  the  morpho- 
logical characters  of  bacteria  are  so  little  subject  to  permanent  variation 
under  the  widest  diversity  in  the  conditions  to  which  they  are  subject 
that  we  are  justified  in  the  belief  in  fixed  species.  But  so  susceptible  to 
external  conditions  are  the  functional  activities  of  many  species  that  not 
only  is  the  occurrence  of  what  may  be  called  varieties  within  specific 
limits  frequent  under  natural  conditions,  but  more  or  less  permanent 
variations  may  be  experimentally  produced. 

Modifications  of  Functional  Characters. — Almost  all  of  the  functional 
activities  of  bacteria  upon  which  we  rely  as  descriptive  characters  may  be 
experimentally  altered;  thus  the  color-producing  capacity  may  be  dimin- 
ished, the  peptonizing  and  fermentative  activities  lowered,  the  patho- 
genic powers  reduced  or  exalted,  and  even  the  capacity  for  spore  forma- 
tion may  be  abolished. 

These  more  or  less  permanent  modifications  of  function  in  bacteria 
may  be  induced  by  artificial  cultivation  under  adverse  conditions  of  tem- 
perature and  nutrition,  by  the  presence  of  deleterious  chemical  agents, 
antiseptics,  etc.,  or  by  association  with  the  body-cells  and  juices  in  sus- 
ceptible or  insusceptible  animals. 

CLASSIFICATION  OF  BACTEMA. 

The  beginning  of  the  systematic  study  of  bacteria  by  exact  and  re- 
liable methods  is  of  such  recent  date,  they  are  so  minute,  and  our  present 
optical  apparatus  reveals  so  few  differential  morphological  characters, 
and  so  few,  withal,  of  the  many  existing  forms  have  as  yet  been  studied 
that  a  satisfactory  classification  or  nomenclature  of  the  bacteria  is  not  yet 
possible. 

Outside  of  the  limit  of  the  primary  classes  above  described  and  based 
upon  the  form,  position  of  flagella,  and  motility,  we  are  obliged  to  use  for 
the  purposes  of  identification  and  description  the  results  of  physiological 
activities  which  the  special  forms  of  bacteria  display  when  placed  under 
diverse  and  usually  entirely  artificial  conditions  of  food,  temperature,  and 
general  environment,  It  is  evident  from  this  condition  of  affairs  that 
what  in  our  attempts  at  classifications  we  are  wont  to  call  genera  and 
species,  are  not  such  in  the  strict  sense  in  which  these  terms  are  used  in 
other  domains  of  biology.  That  which  corresponds  to  the  generic  name 
in  the  more  exact  vocabularies  is  in  ours  usually  the  growth  form  which 
indicates  the  primary  class  to  which  the  germ  belongs,  as  coccus,  bacillus, 
or  spirillum,  or  some  growth  modification  of  this,  as  diplococcus,  strep- 
tococcus, streptobacillus,  and  the  like.  To  this  is  usually  appended  a 
more  or  less  distinctive  specific  name,  which  ordinarily  indicates  some 
noteworthy  physiological  capacity  of  the  germ,  such  as  its  peptonizing 
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power,  the  pigment  which  it  elaborates,  some  prominent  chemical  reac- 
tion which  it  initiates,  some  marked  effect  upon  an  artificial  culture 
medium,  its  disease-producing  power  in  men  or  animals,  or  some  fact 
about  its  habitat,  or  the  situation  in  which  it  was  found.  AH  of  these  and 
other  heterogeneous  characteristics,  largely  functional,  which  may  be 
developed  under  natural  or  artificial  conditions,  constitute  data  in  the 
life  history  of  germs  upon  which  the  classification  and  nomenclature  of 
bacteria  are  at  present  based. 

Notwithstanding  the  value  of  this  principle  of  grouping  and  nomen- 
clature, its  inadequacy  even  for  temporary  use  is  becoming  painfully 
evident  as  research  proceeds,  partly  because  of  the  large  variations  to 
which  physiological  activities  are  liable,  and  partly  because  we  cannot 
always  sharply  distinguish  between  races,  varieties,  and  species. 

Methods  of  Morphological  Study  of  Bacteria. 

The  simplest  mode  of  studying  bacteria  is  to  examine  them  either  in  the  fluids  in 
which  they  grow  or  in  one-half-per-cent.  salt  solution.  For  the  study  of  many  of  the 
phenomena  of  Ufe  this  method  is  important. 

This  may  be  accompUshed  by  the  examination  of  a  thin  layer  of  the  fluid  under  a 
cover-slip,  in  the  usual  way;  or  a  small  drop  may  be  placed  on  the  cover-sUp  and  this 
inverted  on  a  hollow  sUde  so  that  the  observation  is  made  in  the  hanging  drop.  A 
streak  of  vaselin  painted  around  the  edge  of  the  cover  will  prevent  evaporation  of  the 
fluid. 

Staining. — By  far  the  most  important  aid  in  the  morphological  study  of  the  bac- 
teria is  derived  from  the  use  of  staining  agents.  Most  of  the  bacteria  are  stained  more 
or  less  readily  by  one  or  more  of  the  basic  anilin  dyes.  The  ease  with  which  they  are 
colored  varies  considerably  in  different  species  and  with  the  different  dyes.  The  tissue 
elements,  and  a  variety  of  other  materials  with  which  the  bacteria  may  be  associated, 
also  stain  more  or  less  readily  at  the  same  time;  but  most  of  these  part  with  their  color 
more  readily  than  do  the  bacterid  on  being  treated  with  alcohol  or  dilute  acids.  It  is 
thus  possible  to  obtain  a  differentiation  in  color  between  bacteria  and  other  structures. 
The  bacteria,  moreover,  differ  among  themselves  in  respect  to  the  tenacity  with  which 
they  hold  their  stain  in  the  presence  of  decolorizing  agents,  and  upon  this  fact  is  based 
one  of  the  important  methods  of  distinguishing  between  different  species. 

The  anilin  dyes  more  commonly  employed  for  bacteria  staining  are  fuchsin,  gen- 
tian violet,  and  methylene  blue.  A  saturated  alcoholic  solution  of  these  dyes  should 
be  kept  in  tightly  stoppered  bottles,  and  from  these  the  more  dilute  solutions  required 
for  staining  may  be  prepared.  For  ordinary  purposes  one  part  of  alcoholic  solution 
of  fuchsin  or  methylene  blue,  added  to  twenty  parts  of  water,  will  give  a  staining 
solution  of  suitable  strength. 

Special  stains  and  modes  of  staining,  such  as  are  necessary  for  some  forms  of  bac- 
teria— the  tubercle  bacillus,  for  example — will  be  described  under  the  appropriate 
headings. 

To  Stain  Bacteria  in  Fluids. — A  small  drop  of  the  fluid  is  placed  on  a  clean  cover- 
glass,  spread  a  Uttle  with  a  needle,  and  dried  by  gentle  heat.  The  cover-glass  is  now 
held  with  the  forceps,  specimen  side  up,  and  passed  moderately  rapidly  three  times 
through  the  flame  of  an  alcohol  lamp  or  Bunsen  burner.  The  material  on  the  cover 
should  not  be  burned.  This  heating  not  only  fixes  the  contents  of  the  fluid  firmly  on 
to  the  glass  so  that  it  will  not  easily  soak  off,  but  renders  insoluble  any  albuminous 
materials  which  may  be  mixed  with  the  bacteria,  and  which  might  otherwise  interfere 
with  subsequent  examinations  by  forming  granular  precipitates. 

A  drop  of  the  aqueous  staining  fluid  is  now  put  on  to  the  dried  specimen  on  the 
cover-glass,  and  if  this  be  held  in  the  forceps  and  tilted  slightly  up  and  down  a  few 
times  so  as  to  bring  fresh  portions  of  the  staining  fluid  into  contact  with  the  bacteria. 
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the  staining  will  usually  be  completed  in  two  or  three  minutes.  The  stain  is  now 
washed  off  with  a  jet  of  water  from  the  wash  bottle,  and  the  specimen  is  either  mounted 
ni  a  drop  of  water  for  temporary  study,  or  the  washing  water  is  drained  off  and,  after 
drying  in  the  air,  it  is  mounted  directly  in  balsam.  It  is  well  to  use  balsam  which  has 
been  softened,  when  this  is  necessary,  with  oil  of  cedar  or  xylol  rather  than  with 
chloroform,  since  this  is  apt  to  decolorize  the  bacteria.  Solid  cultures  of  bacteria 
should  be  mixed  with  a  little  water  and  spread  on  the  cover-glass  before  drying  and 
staining. 

Gram's  method  (see  below)  is  often  useful  and  in  some  cases  almost  indispensable 
for  the  differential  staining  of  bacteria.* 

To  Stain  Bacteria  in  Tissiies. — The  tissues  should  be  well  hardened  in  alcohol. 
Thin  sections  are  placed  in  the  above-described  aqueous  coloring  solutions,  where  they 
may  remain  from  five  to  fifteen  minutes.  In  some  cases  a  much  longer  staining  is  nec- 
essary. Gentle  warming  (40°  to  50°  C.)  will  hasten  the  staining.  The  entire  tissue  as 
well  as  the  bacteria  is  in  this  way  deeply  colored.  The  sections  are  rinsed  with  dis- 
tilled water  and  then  placed  in  alcohol.  This,  with  varying  degrees  of  rapidity  with 
different  stains  and  tissues,  gradually  extracts  the  color  from  the  tissue  most  slowly 
from  the  nuclei.  The  time  required  and  the  exact  degree  of  decolorization  to  be  sought 
for  must  be  learned  by  experience  in  different  cases.  Sometimes  five,  sometimes 
thirty  minutes  are  required,  sometimes  only  a  few  seconds.  It  is  often  necessary,  and 
the  decolorizing  of  the  tissue  is  thereby  hastened,  to  add  a  few  drops  of  acetic  acid  to 
the  alcohol.  When  acetic  acid  is  used  it  should  be  finally  thoroughly  washed  out  by 
alcohol.  The  specimens  are  now  cleared  up  by  oil  of  origanum  and  mounted  in 
balsam.  In  specimens  prepared  in  the  above  way,  the  nuclei  of  cells  usually  retain  to 
some  extent  a  color  similar  to  that  of  the  bacteria,  but  their  size  and  shape  serve  for 
the  differentiation. 

Gram's  Method. — ^This  is  a  much  more  generally  useful  method  of  staining  bacteria 
in  the  tissues  than  that  just  given,  although  not  in  all  cases  applicable.  The  sections 
are  stained  for  from  two  to  foiu*  minutes  in  anilin^entianr-violet  solutiony  prepared  by 
adding  1  c.c.  anilin  oil  to  10  c.c.  distilled  water,  shaking  thoroughly,  and  filtering 
off  the  excess  of  anilin  oil  through  a  moistened  paper  filter.  To  the  clear  filtrate,  satu- 
rated alcoholic  solution  of  gentian  violet  is  added,  in  the  proportion  of  about  1  of  the 
dye  to  10  of  the  anilin  solution. 

From  the  staining  solution  the  sections  are  transferred  to  a  solution  of  iodine  in 
potassium  iodide  and  water  (1 1 . 0 — KI  2 . 0 — Ufi  300 . 0),  remaining  from  one  to  three 
minutes,  when  they  are  transferred  to  strong  alcohol;  this  should  be  changed  two  or 
three  times  so  as  to  dehydrate  the  specimen,  which  at  the  same  time  will  lose  much  of 
its  color.  The  section  is  cleared  in  oil  of  origanum  to  which  a  little  eosin  has  been 
added,  and  mounted  in  balsam.  In  specimens  prepared  in  this  way  the  bacteria  and 
some  of  the  nuclei  are  violet,  the  remainder  of  the  tissue  is  red. 

In  this  as  in  other  methods  of  staining  bacteria  in  tissue  the  section  is  liable  to 
slirivel  and  curl.  This  may  in  many  cases  be  avoided  by  fixing  the  sections  on  to  the 
cover-slip  with  albumen  fixative  (see  p.  1034)  before  the  staining  begins,  carrying 
cover-glass  as  well  as  section  through  the  subsequent  processes.  Since  some  bacteria 
are  decolorized  by  Gram's  method  it  is  not  applicable  to  the  staining  of  all  organisms 
in  tissues.  It  is  often  a  valuable  aid  in  the  differentiation  and  identification  of  species 
with  similar  morphology — and  in  some  instances,  as  in  the  staining  of  gonorrhoeal  pus, 
has  an  especial  diagnostic  value  (see  p.  222). 

WeigerVs  Modification  of  Gram's  Method. — The  sections  are  laid  for  half  an  hour  in 
the  anilin-gentian-violet  solution  prepared  as  above,  then  rinsed  off  in  three-qiiarter- 
per-cent.  salt  solution  and  spread  on  a  slide.  They  are  now  dried  with  blotting-paper 
and  covered  for  two  minutes  with  the  iodine  solution.  The  iodine  solution  is  now 
washed  off  in  the  water,  the  section  dried  with  blotting-paper,  and  decolorized  with 
anilin  oil  of  a  mixture  of  2  parts  of  anilin  oil  and  1  part  of  xylol,  several  times  renewed. 
Finally  the  sections  are  cleared  in  xylol  and  mounted  in  balsam. 

In  many  cases  it  is  well  to  accomplish  a  double  staining  by  a  preliminary  contrast 
stain.     Thus,  before  the  use  of  Weigert's  modification  of  Gram's  stain  the  sections  may 

^  For  the  methods  of  staining  spores  see  special  works  on  bacteriology. 
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be  put  for  half  an  hour  in  a  solution  of  picro-carmin,  then  rinsed  in  water  and  stained 
as  above.     By  this  modification  of  Gram's  method,  fibrin  is  deeply  stained. 

Loffler's  alkaHne-methylene-blue  solution  is  a  very  valuable  and  powerful  stain  for 
bacteria,  either  in  fluids  or  in  tissues. 

It  consists  of — 

Saturated  alcoholic  solution  of  methylene  blue, 30  parts 

Aqueous  solution  of  caustic  potash  1  :  10,000, 100  parts 

For  staining  bacteria  in  tissues  the  stain  is  allowed  to  act  for  a  few  minutes.  The 
section  is  then  put  for  a  few  seconds  in  one-half-per-cent.  acetic  acid,  then  rinsed  in 
water,  and  the  superfluous  color  removed  from  the  tissue  by  repeated  rinsing  in  alco- 
hol, which  at  the  same  time  dehydrates  it.  Then  it  is  cleared  with  oil  of  cedar  and 
mounted  in  balsam.  Care  should  be  taken  not  to  remove  too  much  color  with  the 
alcohol. 

It  should  always  be  borne  in  mind  in  staining  the  bacteria  that  great  exactness  is 
not  usually  necessary  either  in  the  strength  of  the  coloring  solutions  or  in  the  time  of 
exposure  of  the  bacteria  to  them.  We  are  seeking  for  certain  effects — namely,  the 
staining  of  the  germs — and  this  depends  not  only  upon  the  quality  and  strength  of  the 
dye,  the  time  of  exposure,  etc.,  but  also  upon  the  nature  of  the  bacterial  species  and  its 
conditions  at  the  time  the  staining  is  undertaken.  Thus  it  not  infrequently  happens 
that  bacteria  which  will  stain  readily  and  deeply  with  a  given  solution  when  they  are 
in  a  condition  of  active  growth,  may  be  scarcely  at  all  colored  if  they  have  been  dead 
or  inactive  for  a  long  time,  although  their  outward  shape  appears  to  be  unchanged. 
So  it  should  be  remembered  that,  while  there  is  little  diflScuIty  in  most  cases  in  staining 
the  bacteria,  the  operation  is  not  one  of  mere  routine,  but  requires  intelligent  attention 
to  the  particular  conditions  of  the  species  in  hand. 

For  the  recognition  and  study  of  bacteria  the  best  optical  apparatus  is  requisite. 
An  homogeneous  immersion  lens  (at  least  one-twelfth)  and  the  Abbe  condenser  are 
indispensable  for  ordinary  work. 

Artificial  Cultivation  of  Bacteria. 

For  a  consideration  of  the  methods  of  Artificial  Cultivation  of  Bacteria,  we  refer 
to  special  works  on  Bacteriology,  ref.  p.  319. 

Collection  of  Material  for  Bacterial  Cultures. 

Material  obtained  from  the  human  body  which  is  to  be  subjected  to  bacterial  ex- 
amination should  be  collected  with  every  precaution  against  accidental  contamination. 

A  convenient  mode  of  collection  and  transportation  of  small  quantities  of  fluid  or 
semi-fluid  material,  such  as  exudates,  discharges,  etc.,  for  purposes  of  bacterial  exami- 


FiG.  99. — Stbrilized  Cotton  Swab  in  a  Sterilized  Tube,  for  Collecting  Fluids  Containing 

Bacteria. 

nation  is  to  twist  a  small  wad  of  absorbent  cotton  on  to  the  end  of  an  iron  or  steel  wire 
about  five  inches  long,  put  this,  swab  end  foremost,  into  the  tube  (Fig.  99),  plug  the 
mouth  with  cotton,  and  sterilize  the  w^hole  in  a  dry  oven  for  an  hour  at  160°  C. 

Several  of  these  cotton  swabs  may  be  prepared  at  once  and  kept  on  hand.  The 
swab,  carefully  removed  and  saturated  with  the  material  to  be  examined,  is  at  once 
returned  to  the  tube;  this  is  plugged,  and  may  be  thus  safely  transported.* 

^  For  further  Buggestions  for  the  ooUection  and  examination  of  specimens  for  micro-organisms,  and 
for  references  to  studies  on  the  bacteria  of  the  human  body,  see  pp.  150  and  151.  Consult  for  details 
of  species,  general  worl«  on  bacteria,  especially  Kolle  and  Waaaermanri'a  "Mikroorganismen,"  2d  edition. 
1912-13. 
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II.  Yeasts. 


These  micro-organisms — larger  than  bacteria  and  mostly  saprophytes 

— consist  of  oval  or  spheroidal  cells  with  granular  protoplasm  and  a  thin 

membrane.     They  multiply  by  sprouts  or  buds  from  the  parent  cell 

{Fig.  100).     The  new  individuals  may  separate  from  the  old,  or  may 

^     cling  to  them  so  that   chain-like   combinations  may 

,i^T^  fc-L,  ^     occur.      They   sometimes    form    endogenous    spores, 

iV«^      f  p       known  as   ascospores.     Some  species  develop   bright 

€y^'-..       f  }i\        colors  in  their  growth. 

•^*^''  W  There  are  many  forms  of  yeasts  which  are   con- 

FiQ  100— Yb*bt—  cemed  in  various  phases  of  fermentation.  Some  of 
Swdiuomyeea.  these,  alcoholic  fermentation  for  example,  are  of  great 
economic  importance.'  Certain  forms  of  yeasts  flourish 
in  the  stomach  during  digestive  disorders  and  in  the  bladder  in  diabetes 
without  inciting  lesions.  Various  yeasts  have  been  proven  to  be  patho- 
genic in  lower  animals  and  in  man. 

Blaslomycoiic  dermatitis'  (Oidiomycosis)  is  a  localized  inflammation, 
papular  and  pustular  in  character,  leading  to  warty  outgrowths,  to  the 


Fio.  101. — OiDIOKTCOSIB  Cutis — Blailomiicotie  dermalUii. 

From  skin  leeioDS,  showing  giant  cells  containing  Ibe  oidium  with  mast  celb  and  eosinopfaili!  «Ib 

in  tbe  adjacent  tissue  juat  bepesth  the  epithelium, 

formation  of  abscesses  beneath  the  skin,  and  to  ulcers.  Deeper  parts, 
BUch  as  bone,  may  be  involved.  Hyperplasia  of  epithelium  and  develop- 
ment of  granulation  tissue  beneath  with  the  formation  of  giant  cells 


consult  JorpmsDn,  '■  Micnj-ontonisms  nnd  Ferme 

Ution,"  Eng.  Tmii 

1-1900. 

'CfcArtX.  Johns  HcpkiM  Hmpilal  REporls,  vo 

i..  p.  269.  1896. 

lomycetes  with  experiments  and  bihiiography.  ie 

Foulrrlan,  Jouma 

of  Pathok«y  and  Baelcnol- 

voi.  vi.,  p.  37.  1900;  uid  SltnU.fg.  Ziegl,  Beitr., 

Bd.  Miii..  1902.  p 

1:  also  «ic*<Us,  ■■  BlaslODW 

or  Skin."  Jour.  Med.  Rts.,  vol,  vi,.  1901.  p.  377; 

also  Oli.  and  ?»n> 

Jour,  Am,  Med.  Amo.,  v»L 

p,  1075.  ig03:  aba  Battoe,  Jour.  Inf.  Dia.,  vol.  ii 

and  Graham,  ibid.,  p.  686, 

.  and  Sister,  Arch.  Int,  Med.  1914,  mi,.  SOB. 
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(Fig,  101),  mast  cells,  and  eosinophilic  cells  may  be  associated  with  the 
local  growth  of  the  blastomycetes  and  the  formation  of  abscesses,  the 
latter  often  intra-epithelial.  The  local  lesion  may  extend  to  the  involve- 
ment of  large  areas  of  skin  and  subcutaneous  tissue. 

The  organism — Oidium — is  present  in  the  involved  tissues  as  a  rounded 
double  contoured  body  (Fig,  102),  varying  in  diameter  from  10  to  20/i. 
It  sometimes  buds  and  contains  various  rounded  refractile  or  granular 
structures.  These  organisms  may  be  enclosed  in  a  homogeneous  jelly- 
like  mass.  They  are  readily  cultivated  in 
artificial  media  and  can  be  successfully  inoc- 
ulated into  animals,  such  as  the  guinea-pig. 

Generalization  of  the  blaatomycotic  in- 
fection may  take  place  and  be  fatal.  In 
the  systemic  disease  the  lungs,  spleen,  and 
kidneys  are  especially  involved  in  the 
formation  of  abscesses  and  local  tissue 
hyperplasia  containing  the  organism. 
There  seem  to  be  several  forms  of  blasto- 
mycetes  among  the  pathogenies  already 
described,  but  their  classification  b  unsatis- 
factory. 

Thrush. — A  micro-organism  frequently 
found   growing  in  the  mouth  and  fauces  ^'°-  loa.— oionni  tkou  a  Cahi 

and  oesophagus  of  children,  m  the  form  of     mticdBnoaiiti*). 
a  whitish  pellicle,  is  the  so-called  CHdium 

alincans,  which  consists  of  branching,  jointed  threads  and  spores  which 
penetrate  between  the  epithelial  cells.  This  fungus  may  assume 
considerable  importance,  when  in  very  feeble  children  it  blocks  the 
oesophagus,  or  when,  as  is  rarely  the  case,  from  the  surface  of  ulcers  it 
penetrates  the  blood-vessels  and  gives  rise  to  visceral  metastasis.  It  is 
grouped  with  the  yeasts,  and  the  disease  with  which  it  is  associated  is 
to  be  regarded  as  an  oidiomycosis. 

III.  Moulds. 

The  moulds  are  considerably  more  complex  in  structure  than  either 
the  bacteria  or  the  yeasts.  Some  of  the  forms  are  very  common  and 
universally  known.  In  general,  it  may  be  said  that  the  moulds  consist 
of  a  series  of  delicate,  translucent,  branching  jointed  threads— my ce/iJtm 
— usually  giving  rise  to  hypkm,  from  which,  either  directly  or  in  more 
complex  forms  through  the  intervention  of  a  special  structure,  the  sporan- 
gium, the  spores  are  developed  {Fig.  103).  The  moidds  which  are  apt  to 
occur  in  the  human  body  may  be  of  the  former,  more  simple,  or  of  the 
latt«r,  more  complex,  type.'  Among  the  simpler  forms  of  moulds  which 
occur  in  the  body  may  be  mentioned  the  Achorion  Schonleinii,  Mierospo- 

■  See  RmoH.  "  Etude  aur  raspergilkise  chet  lea  Bnimaux  et  ohei  I'homme."  Paru.  1S07;  also  Leo- 
peUtnd  Lttri.  Gu.  dcs  Hfipilaux,  JuaeZeUi.  ISeT,  bibl.;  abo  Pxerton  and  Ravtntl.  Univenity  Med  Ma«  , 
Ancuat.  1900:  abo  Saner,  "PDeumoDomykoaia  aapertillins,"  Jens,  1600. 
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ron  furfur,  Trichophyton  tonsurans.     There  is  a  close  morphological 
resemblance  between  these  forms. 

The  Favus  Fungus  (Achorion  SchoTileinii) ,  is  formed  of  a  much-branch- 
ing mycelium  from  which  the  spores 
are  directly  developed  (Fig.  104). 
It  grows  readily  on  artificial  cul- 
ture media,  such  as  nutrient  agar 
and  gelatin,  at  the  temperature  of 
the  body.  This  fungus  ia  moat  apt 
to  grow  upon  the  hairy  part  of  the 
head,  where  it  forms  small  surface 
crusts  and  grows  into  the  shafts 
and  root  sheaths  of  the  hair,  excit- 
ing inflammation  in  the  adjacent 
tissue. 

Ring    Worm   {Tinea   circinaia; 
Herpes    tonsurans) . — The    inciting 
agents   of  this  readily   communi- 
cable disease  are  several  species  of 
Fio.  103.— AaFKBOTLLtrs  glaucu*.  Trichophyton  tonsurans  which  de- 

i»S'S.~"S,°'5;."rS™S  S^tTZ    velops  in  the  form  of  a  moderately 
byphn.  branching  mycelium,  forming  com- 

paratively few  spores.  It  grows 
in  the  skin,  either  about  or  apart  from  the  haira,  or  in  the  nails,  induc- 
ing the  lesions  of  various  phases  of  ring  worm  which  differ  considerably, 
depending  upon  the  particular  structures  involved.  At  body  tempera- 
ture it  grows  readily  on  artificial  culture 
media,  differing  markedly  in  appearance 
from  Achorion. 

ntyriasis  versicolor. — Microaporon  fur- 
fur, the  mould  fungus  causing  pityriasis 
versicolor,  is  more  prone  than  the  Achorion 

to  the  development  of  many  spores,  but  ; 

otherwise  considerably  resembles  it  mor- 
phologically. It  has  not  yet  been  culti- 
vated on  artificial  media.  By  its  infiltra- 
tion of  the  epidermis,  especially  of  the 
body  and  upper  extremities,  it  causes 
larger  and  smaller  yellowish  or  brownish 
patches.  ^•'-  '^'-^^^r™.  ^"™""'"" 

The  Higher  Moulds. — The  more  com-  From  b  suitui«. 

plex  types  of  moulds  are  only  occasion- 
ally dwellers  in  the  human  body  and  appear  to  be  but  rarely  the  cause 
of  disease,  passing,  rather,  a  saprophytic  existence  on  dead  material  in 
parts  of  the  body  which  are  in  communication  with  the  air.  Thus  they 
may  be  found  growing  on  accumulations  in  the  external  auditory  canal, 
in  dead  tissue  in  the  lungs,  on  walls  of  cavities,  dilated  bronchi,  etc. 
Many  cases  have  been  reported,  however,  in  which  the  moulds,  especially 
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aspergillnsy  have  been  the  apparent  excitants  of  serious  lesions  in  men 
and  animals.^ 

Sporotrichosis. — An  interesting  group  of  fungi  inciting  lesions  in  man 
was  discovered  by  Schenck^  in  1898,  was  later  studied  by  Hektoen  and 
Perkins,'  and  has  recently  been  more  fully  described  by  de  Beurmann  and 
Gougerot.*  The  disease  induced  by  these  parasites  had  usually  been  con- 
fused with  syphilis  or  tuberculosis  until  examination  of  sections  and  isola- 
tion of  moulds  from  the  lesions  showed  that  they  were  due  to  a  group  of 
organisms  differing  slightly  from  each  other  in  their  cultural  and  mor- 
phological peculiarities.  These  organisms  have  been  named  for  their 
discoverers,  Sporotrichum  Schencki,  Sporotrichum  Beurmanni,  Sporo- 
trichum  Jeanselmei,  and  Sporotrichum  Gougeroti.  The  lesions  which 
they  induce  are  chronic,  often  ulcerating  granulomata.  Large  abscesses 
with  secondary  lymphangitis  may  occur,  and  the  bones  and  synovia  are 
occasionally  involved.  Cases  of  pyelonephritis,  of  generalized  infection, 
and  of  bronchopneumonia  due  to  the  fungus  have  been  described.  Three 
deaths  are  on  record.  The  clinical  diagnosis  is  not  diflScult  to  one  who  is 
familiar  with  the  disease,  but  it  is  usually  necessary  to  make  sections  or 
cultures  from  the  lesions.  In  sections  the  characteristic  oval  spores  may 
be  found,  either  free  or  in  connection  with  the  mycelium  or  in  phagocytic 
tissue  cells.  The  yeast  grows  abundantly  at  room  temperatures  on 
Sabouraud's  medium,  which  is  composed  of  water,  1,000  g.;  peptone,  10  g.; 
glucose,  40  g.;  agar,  18  g.  When  the  mould  is  removed  from  the  medium 
and  examined  it  is  found  to  be  composed  of  a  branching  mycelium  with 
oval  or  pear-shaped  spores  attached  in  continuity  or  forming  lobulated 
masses  at  the  ends  of  the  mycelial  threads. 

Methods  of  Studjring  Yeasts  and  Moulds. 

The  yeast  organisms  are  in  general  stained  and  cultivated  by  the  same  methods  as 
those  used  in  studying  the  bacteria.  By  treating  unstained  sections  of  tissue  contain- 
ing them  with  a  solution  of  caustic  potash  the  organisms  may  often  be  readily  demon- 
strated. 

The  higher  moulds  may  be  simply  teased  and  studied  in  glycerin  or  in  glycerin  and 
water.  They  may  be  stained  with  alkaline-methylene-blue  solution  (Ldffler's  solution, 
see  p.  145).  When  spores  have  formed  in  considerable  numbers  on  the  more  complex 
forms  of  moulds,  these  are  not  easily  wetted  by  the  usual  staining  fluids,  because  the 
air  clings  so  closely  among  the  spore  masses.  In  a  mixture  of  four  parts  of  alcohol  and 
one  of  aqueous  solution  of  ammonia  they  are  instantly  wetted,  and  may  then,  with  or 
without  stain' ng,  be  teased  and  mounted  in  glycerin.  In  studying  the  moulds  in  the 
above-described  skin  diseases  it  is  well,  when  crust-Hke  masses  are  to  be  teased  apart, 
to  allow  them  first  to  soak  for  a  few  minutes  in  a  five-per-cent.  solution  of  caustic 
potash.  In  this  solution  they  may  be  studied,  or  they  may  be  teased  and  mounted  in 
glycerin  for  preservation.  Most  of  the  more  common  moulds  are  readily  grown  on 
the  ordinary  culture  media. 

^For  rimani  and  bibliography  of  relationship  of  yeasts  and  moulds  to  human  diseases  consult 
ttieker^  Lubanch  and  Ostertag's  "  Ergebnisse  der  allg.  Aetiologie  der  Menschen-  u.  Thierkrankheiten," 
Abth.  L,  1806,  p.  892.  See  abo  Hektoen^  Journal  of  Experimental  Medicine,  vol.  v.,  p.  77, 1900;  Plaut  in 
"KoUe  and  Waasennann's  Handbuch,"  2d  edition.  Bd.  v.,  p.  1;  Btiscke,  ibid.,  p.  155;  Qougeroi^ 
i)id.,p.  211. 

*Sekenck,  Bull.  Johns  Hopkins  Hosp..  1898.  ix.  286. 

*  Hektoen  and  PerkinM,  Jour.  Exper.  Med.,  1900,  v.,  77. 

*d€  Beurmann  and  Gougerot^  Traits  dee  sporotrichoses,  Paris,  1912.  See  also  Hamburger^  Jour. 
Am.  Med.  Aaen.  1912,  lix,  1590;  and  Taylor,  ibid.,  1913,  be.  1142. 


CHAPTER  VIII. 

THE  RELATIONS  OF  MICRO-ORGANISMS  TO  DISEASE— INFECTION 

AND  IMMUNITY. 

THE  PRESENCE  OF  BACTERU  AND  OTHER  MICRO-ORGANISMS  IN  THE 

BODY:    ITS  PROTECTIVE  MECHANISM, 

The  Presence  of  Bacteria. — Bacteria  are  invariably  present  in  greater 
or  less  numbers  in  the  mouth,  nose,  upper  air  passages,  gastro-intestinal 
and  genito-urinary  tracts  of  men  and  animals.^  Into  these  places  they 
are  more  or  less  constantly  brought  by  the  respired  air,'  by  food  and 
drink,  and  in  other  ways.  They  are  always  abundant  upon  the  skin  and 
about  the  hairs,  and  the  sweat  and  sebaceous  glands.  But  common  and 
often  abundant  as  are  these  germs  upon  the  external  and  internal  surfaces 
of  the  body,  they  do  not  often  pass  through  the  healthy  mucous  or  cuta- 
neous surfaces,'  so  that  under  normal  conditions  the  tissues,  the  viscera, 
and  the  circulating  fluids  are  practically  sterile.* 

Except  for  certain  pathogenic  forms  which  may,  under  unsanitary 
conditions,  have  been  set  free  and  transported  from  men  or  animals 
suffering  from  infectious  disease,  the  bacteria  upon  the  cutaneous  or 
mucous  surfaces  of  the  body  are  for  the  most  part  harmless;  while  cer- 
tain intestinal  forms  may  even  be  useful  in  promoting  digestion. 

The  Safeguards  of  the  Body. — The  body  is  guarded  in  various 
ways  from  the  incursions  of  pathogenic  and  other  bacteria,  which  may  be 
commonly  present  or  only  occasionally  lodged  upon  its  surfaces.  Among 
the  protective  agencies  of  the  body  may  be  mentioned  the  firm,  dense 
skin  which  while  intact  protects  the  interior  from  the  entrance  of  almost 
all  known  micro-organisms;  the  epithelial  investment  of  the  mucous  mem- 
branes in  several  places  swept  by  cilia;  the  protected  situation  of  most  of 
the  mucous  surfaces,  the  germicidal  qualities  of  some  of  the  secretions, 
such  as  the  saliva,  gastric  juice,  mucus,  etc.* 

1  For  a  summary  of  facts  concerning  the  bacterial  flora  of  the  body  surfaces  consult  Wdch,  "Sunn* 
oal  Bacteriology,"  "System  of  Surgery  by  American  Authors,"  Dennis.  See  also  Ford,  "The  Bacteri- 
ology of  Healthy  Oigans,"  Trans.  Assoc  Amer.  Phys.,  vol.  xv.,  p.  389,  1900,  bibl.;  also,  "  Bacteria  in 
Healthy  Bodies  and  their  Portals  of  Entry,"  SeUer,  Zeits.  f.  Hygiene,  etc.,  Bd.  liv.,  p.  363,  1906. 

>  For  a  risumi  of  micro-oiganisms  in  the  air  see  GoUslein,  Lubarsch  and  Ostertag's  "  Ergebnisse," 
Jahrgang  iv.,  pp.  87  H  aeq.,  1897;  also  FtrtA,  "Studies  from  the  Department  of  Pathology,"  CoL  Phys. 
and  Surg.,  Columbia  University,  vol.  vii.;  also  Chapin,  Air  as  a  Vehicle  of  Infection,  Jour.  Am.  Med. 
Assn.,  1914.  btii.,  423. 

>  It  should  be  remembered  that  the  gastro-intestinal  canal,  the  lungs,  and  other  v»cera  which  are 
in  communication  with  the  exterior,  although  within  the  limits  of  the  body,  still  form,  strictly  speaking, 
its  outside,  in  distinction  from  the  intimate  recesses  of  the  tissues  in  which  the  life  processes  go  on. 

<Seep.  151. 

'For  a  risunU  of  the  protective  action  of  the  skin,  mucous  membranes,  etc.,  see  Metehnikoff, 
"Immunity  in  Infective  Diseases,"  Trans.,  1905. 

See  for  summary  of  protective  agencies  of  the  lungs,  p.  600.  For  a  study  of  the  action  of  saliva  on 
bacteria  see  Clairmont,  Wiener  klin.  Wochenschr.,  Nov.  22d,  1906,  bibl.  For  bactericidal  action  of 
muciis  see  ArUnng,  Jour,  de  Phys.  et  de  Path.  g4n.  1902,  iv.,  291,  bibl. 
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The  Portals  of  Entry. — But  notwithstanding  the  safeguards  of 
the  body  against  the  access  of  micro-organisms,  these  do  frequently  enter; 
this  may  occur  in  severe  injuries  to  the  skin  or  mucous  membranes  or 
through  very  slight  and  unnoticed  abrasions  or  other  solutions  of  con- 
tinuity. Entrance  may  be  gained  to  the  tissues  through  the  minute  ducts 
of  the  sebaceous  or  sweat  glands;  from  the  mouth,  tonsils,  gastro-intes- 
tinal  canal, ^  and  the  respiratory  passages  and  surfaces,  either  with  or 
without  obvious  injuries  to  the  investing  epithelia.  The  r6le  of  insects 
in  the  conveyance  of  infectious  agents  is  of  great  importance.'  Micro- 
organisms may  enter  the  body  during  intrauterine  life.' 

There  is  abundant  evidence  that  even  in  health,  through  the  pharynx, 
tonsils,  and  intestines,  a  small  number  of  bacteria  frequently  enter 
the  recesses  of  the  body,  but  are  safely  disposed  of  through  the 
protective  mechanism  presently  to  be  considered.  So  that  while  we 
may,  as  above  stated,  consider  the  interior  of  the  healthy  body  as 
practically  sterile,  it  is  still  possible  by  careful  and  discreet  searching 
to  discover  here  and  there  bacterial  detritus  and  bacteria  on  their  way 
to  destruction.* 

The  Protective  Mechanism. — When  in  one  way  or  another  bacteria 
or  other  germs  have  entered  the  tissues,  they  may  encounter  a  series  of 
obstacles  to  their  spread  or  continuance  as  well  as  to  their  proliferation 
there,  even  should  the  general  nutritive  conditions  be  favorable.  In  the 
first  place  the  lymph-nodes  filter  out  of  the  tissue  fluids  micro-organisms 
which'  have  entered  them,  holding  them  back  from  the  general  circula- 
tion or  destroying  them.*^  The  power  of  certain  of  the  body  fluids  and  of 
living  cells — phagocytes — under  favorable  conditions  to  kill  and  dispose 
of  germs,  is  of  great  importance  and  will  be  referred  to  again.®  The  elimi- 
nation of  micro-organisms  from  the  body  through  its  secretions,'  such  as 
urine,  bile,  milk,  sweat,  saliva,  etc.,  is  a  matter  of  great  significance,  but 
one  upon  which  the  scope  of  this  book  does  not  permit  us  to  enter.* 

^  For  bibliography  oonoeniing  the  permeability  of  the  gastro-intestinal  canal  for  bacteria  refer  to 
p.  681. 

*  NuUaU,  Johns  Hopkins  Hospital  Reports,  vol.  viii.,  p.  1,  1900.  For  a  ritumi  with  bibl.  of  the 
transmiasion  of  infective  material  by  flies  and  other  insects  see  Chapin,  Sources  and  Modes  of  Infection, 
2d  edition,  New  York,  1912;  also  QrahamSmith,  Flies  in  Relation  to  Disease,  Cambridge,  1913; 
for  study  of  economic  loss  by  insects  see  Howard^  U.  S.  Dep.  Agricult.  Bureau  of  Entomology,  Bull. 
78,  1909. 

'  For  a  rlaunU  of  studies  on  the  congenital  transmission  of  infectious  agents  see  Wasaermann  and 
Key$»er  in  Kolle  and  Wassermann  2d  edition,  Bd.  i.,  p.  659,  bibl. ;  also,  BcUarUyne^a  "Antenatal  Pathol- 
ogy." 1902  and  Lynch,  Johns  Hopkins  Hospital  Bull.,  x.,  283,  1902. 

*  Adami  on  "Latent  Infection  and  Subinfection,"  etc..  Jour.  Am.  Med.  Assn.  1899,  Dec.  16  and  23; 
and  Brit  Med.  Jour.,  1914,  p.  177. ;  also  Wrjoaek,  Virch.  Arch  ,  Bd.  178,  p.  82, 1904;  see  also  for  an  experi- 
mental study  of  the  disappearance  of  bacteria  from  the  blood,  Schtoarx,  Zeits  f.  Heilkunde,  Abtii.  f . 
Path.  Anat.,  Bd.  xxvi.,  p.  295,  1905. 

'  Manfredi,  Virch.  Arch.,  Bd.  civ.,  p.  335,  1899,  for  a  study  of  the  germicidal  and  other  action  of 
lymph-nodes;  also  Betancon  and  LabM^  Arch,  de  m^.  exp^rimentale  et  d'anat.  path.,  t.  x.,  p.  389, 
1898. 

*  For  stadies  of  Uie  capacity  of  the  living  body  to  dispose  of  bacteria  when  these  are  injected  into 
the  blood,  see  Werigo,  Ann.  Inst.  Pasteur,  t.  viii.,  1894,  also  Bail,  Arch  f.  Hygiene,  Bd.  liL,  p.  272, 
1M5;  see  also  Bxucton  and  Torrey,  Jour.  Med.  Res.,  vol.  xv.,  p.  5,  1906. 

'Consult  Sherrington,  " £xi>eriment8  on  the  Escape  of  Bacteria  with  Secretions,"  Journal  of 
Pathology  and  Bacteriology,  voL  i.,  p.  258, 1893;  Biedl  and  Kraus,  Arch.  f.  exp.  Path.,  Bd.  xxxvii.,  p.  1, 
1805,  bibL;  HinUe  and  Lvbarsch,  "Ergebnisse  der  allg.  Aetiologie  der  Menschen-  und  Thierkrank- 
heiten,"  1896,  p.  287.  For  study  of  disappearance  of  bacteria  from  the  body,  see  Pavohwaky,  Zeits.  f. 
HyKiene  and  Infect.  Krankheiten,  Bd.  xxxiii.,  p.  261;  see  also  ref.  to  Aach,  p.  755. 

'  For  a  suggestive  summary  of  the  various  factors  which  are  or  may  be  concerned  in  the  protection 
of  the  body  against  the  invasion  and  action  of  micro-organisms,  see  MeUter,  "Physiological  Methods 
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ACTION  OF  BACTERIA  AND  THEIR  PRODUCTS  IN  THE  BODY. 

The  Bacteria. — ^When  bacteria  do  enter  and  grow  in  the  body,  the  cells 
and  tissues  near  them  may  show  very  marked  alterations,  due  to  their  in- 
fluence. The  cells  may  be  swollen,  or  their  nuclei  may  disappear,  and  the 
protoplasm  may  be  converted  into  hyaline  material  or  into  a  mass  of 
transparent  or  coarsely  granular  particles,  or  may  completely  disintegrate. 
The  intercellular  substance  near  the  bacteria  may  also  soften  and  disin- 
tegrate. In  a  word,  the  tissue  in  their  immediate  vicinity  is  often 
found  in  a  condition  of  necrosis  of  one  kind  or  another.  The  walls  of 
blood-vessels  near  which  they  lie  may  be  damaged  and  the  blood  which 
these  carry  may  form  thrombi.  The  bacteria  may  themselves  enter  the 
vessels  and  proliferate  in  the  blood;  they  may  be  swept  away  as  emboli 
to  remote  parts  of  the  body  (Fig.  56,  p.  89),  and  establish  new  foci  of 
bacterial  proliferation  and  tissue  necrosis — septiccemia. 

Some  bacteria,  instead  of  inducing  a  simple  necrosis,  incite  at  the 
same  time,  as  we  have  already  seen,  a  more  or  less  intense  inflammation 
(Fig.  57,  p.  90).  This  inflammation  may  be  of  a  simple  productive 
form,  similar  in  its  effects  to  that  incited  by  the  presence  of  any  irri- 
tating foreign  body;  or  it  may  be  active,  progressive,  and  exudative  in 
character;  or  the  bacteria  may  determine,  in  some  way  as  yet  unknown 
to  us,  very  peculiar  and  characteristic  inflammatory  changes,  which  result 
in  the  formation  of  new  tissues  of  various  kinds  (see  Tuberculosis). 
Some  forms  of  bacteria  find  in  the  blood,  others  in  the  tissue  spaces  and 
lymph-vessels,  the  conditions  most  favorable  for  their  proliferation. 

Bacterial  Poisons. — But  the  presence  of  micro-organisms  themselves 
is  not  indispensable  for  the  incitement  of  either  local  or  general  pathologi- 
cal processes.  These  may  be  induced  by  various  chendical  products 
eliminated  or  stored  up  in  their  protoplasm  by  the  metabolism  of  the 
germs.  These  deleterious  bacterial  products  may,  as  we  have  already 
seen,  be  those  alkaloidal  substances  called  poisonous  ptomains,  or  toxins^ 
or  they  may  be  albuminoid  substances — toxalbumins  or  toxcdbumoses. 
Stored  up  in  the  protoplasm  of  the  germs  themselves,  this  poisonous 
material  has  been  called  bacterio-protein  and  endotoxin. 

It  seems  probable  that  the  toxic  effects  of  some  bacteria  may  be  due 
not  to  their  immediate  product  but  to  the  action  of  bacterial  enzymes, 
whose  action  upon  certain  body  proteids  results  in  the  development  of 
the  toxic  albumoses  which  are  the  active  damaging  factors.^ 

of  Proteotion  of  the  Body  against  Bacteria,"  Trans,  of  the  Congress  of  Am.  Phsrs.  and  Surg.,  vol.  v.,  p. 
12,  1900;  see  also  ref.  to  Wassermann  above. 

See  also  for  the  importance  of  a  lesion  in  animal  tissues  for  the  lodgment  and  multiplication  of 
bacteria  within  it,  Cheesman  and  MeUzer,  Jour.  Exp.  Med.,  vol.  iii.,  p.  533;  and  Brewer  on  unilateral 
infection  of  the  kidney  following  injury.  Surgery,  G3mecology,  and  Obstetrics,  vol.  ii.,  p.  485,  1906; 
also  on  the  significance  of  granulation  tissue  in  wound  infection,  A/anasaieff,  Ziegler's  BeitriLge,  Bd. 
xxii..  p.  11.  1897;  also  CobbeU  and  Mdaome,  Centr  Ibl.  f.  Path.,  Bd.  ix.,  p.  827,  1898,  bibl.;  aiaoJUrgdu- 
naa,  Ziegler's  BeitrUge,  Bd.  xxix.,  p.  92,  1901,  bibl.  For  the  r61e  of  the  spleen  in  infection  and  intoxi- 
cation see  Courmont  and  Duffau,  Arch,  de  M^d.  exp..  May,  1898,  p.  431,  and  Nicolas  and  BeaUy  Jour, 
de  phys.  et  path.  g4n.,  t.  iii,  1901,  p.  68. 

^  Much  of  the  literature  on  this  subject  has  been  brought  together  by  Vauffhari  and  ATory,  "Cellu* 
lar  Toxins,"  See  also  Vaughan,  Piotein  Split  Products  in  Relation  to  Immunity  and  Disease,  New 
York,  1913.  The  general  chemical  relationship  of  bacterial  products  to  other  organic  compounds 
is  set  forth  in  Halliburion'a  ** Text-book  of  Chemical  Physiology  and  Pathology;"  see  also  Oppenheimer 
on  "Bacterial  Poisons"  in  Kolle  and  Wassermann's  "Handbuch  der  Mikroorganismen,"  Bd.  i.,  p.  344. 
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Agqressins. — It  has  been  found  by  Bail  that  when  one  injects  into  animals  steril- 
ised exudates  induced  by  the  action  of  various  pathogenic  micro-organisms — tuber- 
cle, typhoid,  and  dysentery  bacilU,  pneumococcus,  staphylococcus,  etc. — together  with 
sublethal  doses  of  cultures  of  the  organisms  themselves,  the  death  of  the  animal  is 
brought  about  much  sooner  than  when  the  bacteria  alone  are  introduced.  Bail,  as 
the  result  of  many  experiments,  assumes  that  under  these  conditions  the  exudate  con- 
tains substances  which  foster  the  deleterious  effects  of  the  living  organisms  by  inter- 
fering in  some  way  with  the  protective  agencies  of  the  body.  These  hypothetical 
substances  he  has  called  aggressinSy  and  he  believes  them  to  be  formed  by  the  bacteria 
as  they  grow  in  the  body.*  This  aggressin  theory  has  not  found  general  acceptance 
and  much  experimental  data  has  been  brought  forward  to  controvert  it.* 

Intozication — Tozsemla. — Some  of  the  poisons  act  locally  at  or  near 
the  seat  of  their  manufacture  by  the  growing  germs.  Others  gain  access 
to  the  body  at  large  and  are  widely  distributed,  inducing  what  may  be 
called  the  phenomena  of  septic  irdoxicaiion — toxaemia. 

The  phenomena  of  septic  intoxication  may  be  induced  by  the  prod- 
ucts of  bacterial  growth  outside  of  the  body  when  these  in  considerable 
quantity  are  in  any  way  taken  into  it.  This  is  true  not  only  of  poisons 
elaborated  outside  the  body  by  pathogenic  bacteria,  but  also  of  many 
forms  of  bacteria  usually  harmless.  Thus  are  caused  many  forms  of 
food  poisoning  which  simulate  but  are  not  actually  infectious  diseases, 
because  there  is  no  development  within  the  body  of  the  disease-inciting 
germs. 

Similar  local  and  general  effects  may  be  induced  in  the  body  by  other 
poisons  than  those  of  bacterial  origin.  Ricin  and  abrin,  for  example, 
well-known  vegetable  poisons,  and  the  venom  of  scorpions  and  of  certain 
snakes  are  closely  similar  in  their  action  to  the  toxins  which  the  bacteria 
form  either  within  or  without  the  body. 

It  should  be  remembered  in  this  connection  that  effects  closely  resem- 
bling those  due  to  bacterial  or  allied  poison  may  be  induced  by  toxic 
agents  developed  within  the  body  as  a  result  of  defective  elimination  or 
faulty  cell  metabolism — aiUo^ntoxication  (  see  p.  426). 

Thus  the  deleterious  effects  of  pathogenic  bacteria  upon  the  body  are 
but  in  small  measure  simply  mechanical.  Local  necrosis'  and  inflam- 
mation, albuminous  degeneration  of  cells,  leucocytosis  and  other  altera- 
tions of  the  blood,  fever,  structural  lesions  and  functional  disturbances 
in  the  nervous  system,  irregularities  in  the  circulatory  and  respiratory 
mechanisms,  haemolysis  and  agglutination  of  the  red  blood  cells  and 
thrombosis,*  etc.,  may  follow  the  distribution  in  the  body  of  bacterial 
toxins.* 

PROOFS  OF  THE  INFECTIVE  NATURE  OF  BACTERIA  FOUND  IN  THE  BODY. 

It  will  be  seen,  from  what  has  now  been  said  of  the  bacteria,  that  in 
different  parts  of  the  system  in  health,  and  in  a  large  number  of  abnor- 

1  For  a  discussion  of  the  so-called  aggreosins  see  Bail  and  Weil,  CbL  f.  Bak.,  Abtb.  I.,  Orig.  Bd. 
xHL.  pp.  51.  139.  241.  335.  437.  and  443,  1906. 

*  See  Sauerbeck,  Arch.  f.  Hyg..  Ivi..  1907. 

*  See  Flexner,  "The  Pathology  of  Toxalbumin  Intoxication,"  Johns  Hopkins  Hospital  Reports 
ToL  vi.,  p.  259,  1897. 

*  For  bacterial  hemolysins  see  Pribram,  Kolle  and  Wassermano,  "Handb.  d.  path.  Mik.*'  2d  edition, 
913.  ii.  1328. 

*  On  the  theory  of  bacterial  infection  see  Radxiewdcy,  Zeits.  f.  Hygiene,  Bd.  xxxvii.,  p.  1. 
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mal  conditions,  various  forms  of  bacteria  occur;  but  it  is  quite  evident 
that  the  significance  which  we  must  attach  to  their  mere  presence  varies 
greatly.  In  a  large  number  of  cases,  especially  when  on  parts  exposed 
to  the  air  or  in  the  gastro-intestinal  canal,  they  are  evidently  of  no  more 
importance  than  so  much  inorganic  dust.  When,  however,  special 
forms  of  bacteria  are  uniformly  present  in  connection  with  well-defined 
diseases,  or  in  their  lesions,  and  especially  if  these  largely  preponderate, 
the  conjecture  is  certainly  justified  that  the  micro-organisms  may  have 
something  to  do  with  their  incitement.  Yet  in  all  such  cases  we  have  to 
consider  the  possibility  that  it  is  the  abnormal  state  of  the  body  or  the 
character  of  a  lesion,  brought  about  perhaps  in  other  ways,  which 
affords  conditions  suitable  for  the  growth  of  this  form  of  bacteria,  and 
that  these  may  consequently  be  present  in  considerable  numbers,  while 
in  the  absence  of  such  conditions  they  would  be  unable  to  develop. 
Even  the  constant  presence  in  the  body,  in  certain  diseases,  of  bacteria 
which  evidently  produce  well-marked  local  effects,  either  inflammatory 
or  degenerative,  does  not  absolutely  prove  their  etiological  relationship 
to  the  disease,  although  it  renders  it  in  a  high  degree  probable. 

It  is  desirable  in  every  case  in  which  the  evidence  of  the  etiological 
relationship  of  a  specific  micro-organism  to  a  disease  is  to  be  set  forth, 
that  we  should  be  able  to  demonstrate  the  constant  presence  in  the  body 
of  the  special  form  of  micro-organism  during  some  period  of  the  disease, 
obtain  this  by  culture  in  a  pure  condition  unmixed  with  any  other  living 
thing  or  with  any  cTiemical  substance  not  belonging  to  it,  and  finally,  by 
the  introduction  of  the  purified  organisms  into  a  healthy  animal,  be  able 
to  induce  the  disease  in  some  definite  form.  When  all  this  is  done,  and 
not  before,  can  we  assert  that  the  evidence  establishing  the  causative 
relationship  between  a  given  form  of  bacteria  and  any  special  infectious 
disease,  is  entirely  at  our  command. 

But  the  fulfilment  of  these  strict  logical  requirements  is  very  diflScult 
in  many  cases,  and  in  some,  apparently,  almost  if  not  quite  impossible; 
for  we  must  remember,  in  the  first  place,  that  the  lower  animals,  upon 
which  alone,  for  the  most  part,  inoculation  experiments  are  practicable, 
are  apparently  not  subject  to  certain  important  diseases  of  man;  and, 
second,  that  they  present  among  themselves  the  most  marked  differ- 
ences in  the  degree  and  manner  in  which  they  are  affected  by  inocula- 
tion with  pathogenic  bacteria.  Desirable  as  is  the  complete  fulfilment 
of  the  above  requirements  in  every  case,  it  must  be  admitted  that  a  rea- 
sonable certainty  regarding  the  bacterial  origin  of  a  given  disease  may 
sometimes  be  arrived  at  without  positive  results  from  the  inoculation 
of  the  bacteria  associated  with  its  lesions.  The  agglutination  test  and 
the  tests  for  specific  lytic  substances  or  opsonins  applied  under  proper 
conditions  may  afford  valuable  evidence  of  the  nature  of  an  infection 
(see  pp.  186  and  193). 

The  complete  demonstration  which  is  desirable  has  as  yet  been  fur- 
nished in  but  a  moderate  number  of  diseases.  In  many  others,  however, 
enough  has  been  done  in  the  way  of  study  and  experimentation  to  render 
it  altogether  certain  that  they  are  infectious  and  to  establish  beyond 
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reasonable  doubt  the  identity  of  the  micro-organism  or  micro-organisms 
involved. 

CONDITIONS  mFLUENCING  THE  OCCURRENCE  OF  INFECTIOUS  DISEASES. 

Conditions  of  the  Body. — It  has  been  learned  as  a  result  of  a  great 
deal  of  observation  and  experiment,  that  although  certain  diseases  are 
always  associated  with  the  presence  and  growth  in  the  body  of  particular 
species  of  micro-organisms,  there  are  still  various  other  accessory  factors 
which  have  an  important  bearing  upon  the  inception  and  course  of  the 
diseases.  Thus,  while  the  presence  in  the  body  of  a  particular  species  of 
micro-organism  is  the  most  significant  and  fundamental  of  the  determin- 
ing agencies  in  the  infectious  diseases,  the  numbers  in  which  they  are 
present — i.e.,  the  size  of  the  dose — and  the  varying  virulence  which  the 
same  species  under  different  conditions  possesses,  as  well  as  the  varying 
capacity  of  resistance  to  the  incursions  of  the  germs  which  the  body-cells 
at  different  times  and  under  differing  conditions  exhibit,  are  all  factors 
of  the  greatest  moment. 

Malnutrition,  mental  or  physical  overwork,  injuries,  bad  hygienic 
surroundings,  the  abuse  of  alcohol  and  other  forms  of  intemperance,  as 
well  as  many  other  conditions  which  lead  to  deterioration  in  the  general 
health,  are  often  decisive  factors  in  determining  the  intensity  or  even 
the  occurrence  of  the  diseases  due  to  bacterial  incitement.  It  is  thus 
clear  that  the  action  of  a  given  germ  in  the  living  body  depends  only  in 
part  upon  its  intrinsic  capacities — which  in  themselves  are  very  variable 
— but  also  and  in  marked  degree  upon  the  capacities,  also  variable, 
which  exist  at  the  moment  in  the  body-cells  among  which  the  lot  of  the 
germs  is  cast. 

It  should  be  always  borne  in  mind  that  the  human  body  is  a  great 
aggregate  of  groups  of  co-ordinated  cells  which,  under  normal  conditions, 
all  act  in  harmony  for  the  maintenance  of  the  life  and  functions  of  the 
individual.  The  cells  and  cell  communities  in  health  not  only  do  this, 
but  they  have  the  power  of  resisting  and  to  a  certain  extent  overcoming 
various  deleterious  agencies  to  which  the  body  is  more  or  less  constantly 
liable. 

What  we  call  hereditary  or  acquired  predisposition  to  an  infectious 
disease,  such  as  tuberculosis  for  example,  is  simply  a  lack  of  the  usual 
capacity  of  the  cells  of  the  body — whether  through  a  structural  or  physi- 
ological fault  we  do  not  yet  know — to  cope  with — that  is  successfully  to 
adapt  themselves  to — the  destructive  tendencies  of  the  living  micro- 
organisms when  once  these  gain  a  foothold  in  the  body. 

Conditions  of  the  Micro-organisms. — On  the  other  hand,  the  varying 
potencies  of  the  bacterial  species  concerned  in  a  given  infection,  which 
are  linked  especially  to  their  toxins,  and  the  influence  of  environment 
upon  these,  exalting  or  reducing  them,  as  the  germs  adapt  themselves  to 
antagonistic  or  to  congenial  hosts;  the  origin  of  the  strains  and  the 
numbers  involved — these  are  all  factors  in  virulence  of  supreme  impor- 
tance, but  our  space  does  not  permit  us  to  consider  them  further  here. 

We  thus  see  that,  in  studying  the  conditions  under  which  infectious 
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diseases  occur,  the  work  is  by  no  means  complete  when  the  bacterial 
species  which  incites  the  disease  has  been  discovered,  but  that  then  the 
more  obscure  determining  and  influencing  agencies  must  be  worked  out 
in  each  case.^ 

Infection  and  Immunity. 

INFECTIOUS  DISEASE  AlfD  THE  NATURE  OF  INFECTION. 

Infectious  diseases  are  those  which  are  incited  by  the  entrance  into  the 
body  and  proliferation  there  of  pathogenic  micro-organisms.  Infection 
is  the  act  or  process  by  which  such  diseases  are  incited.  The  process  of 
infection  is  ''the  interaction  between  the  organism  and  the  micro- 
organism." 

In  the  more  exact  usage  of  the  words  "infectious"  and  "infection" 
which  our  new  knowledge  demands,  it  is  customary  and  convenient  to 
limit  the  term  "micro-organism"  to  the  fungi — bacteria,  yeasts,  and 
moulds — and  to  the  protozoa  representing  the  animal  kingdom,  exclud- 
ing altogether  the  entozoa  and  other  animal  parasites.' 

The  modern  conception  of  infection  implies  the  presence  in  the  body 
of  the  living  micro-organisms  themselves;  that  is,  of  something  capable 
of  multiplication,  or  at  least  of  reproduction  and  development,  and  not 
alone  of  the  poisons  which  they  may  and  usually  do  produce.  It  is 
customary  to  look  upon  the  effects  of  the  absorbed  poison  which  micro- 
organisms furnish  as  intoxications,  whether  these  poisons  be  formed 
inside  the  body  in  infectious  diseases  and  in  other  conditions,  or  outside 
of  it  and  subsequently  introduced.  That  condition  in  which  there  is 
evidence  of  wide  distribution  of  pathogenic  micro-organisms  and  their 
products  in  the  blood  is  called  septiccemia  (see  p.  203). 

It  is  evident  from  what  has  been  said  that  infectious  disease  cannot 
exist  without  the  presence  in  the  body  of  micro-organisms.  But,  on  the 
other  hand,  micro-organisms  can  and  do  frequently  exist  in  the  body 
without  the  incitement  of  infectious  disease.  Whether  a  micro-organ- 
ism be  pathogenic  or  not  depends  upon  the  variable  susceptibilities  of 
the  host  as  well  as  upon  its  own — also  variable — nature  and  qualities. 
No  micro-organism  is  intrinsically  pathogenic;  the  very  conception 
implies  a  relationship.  This  obvious  fact  is  overlooked  by  those  who  see 
in  the  micro-organisms  alone  the  essential  specific  features  of  infectious 
diseases;  who  would  classify  these  diseases  exclusively  by  the  nature  of 
their  excitants,  and  who  look  upon  the  latter  as  the  true  "causes"  of 
the  phenomena  through  which  disease  is  manifested  (see  p.  5). 

INCUBATION  PERIOD. 

It  is  characteristic  of  infection  that  a  certain  time  elapses  between 
the  entrance  of  the  infective  agent  and  the  manifestation  of  symptoms 

1  For  a  rintmi  of  the  nature  and  conditions  of  infection,  see  Wasaermann  and  Keysaer,  KoDe  and 
Wassennann's  "  Handbuch  der  Mikroorganismen,"  2d  ed.,  1912,  Bd.  i.,  555,  bibl.;  for  a  study  of  the 
general  reaction  of  the  body  in  infection  see  Blumenthal,  Ist  ed.  Bd.  i.,  p.  326. 

2  With  this  somewhat  arbitrary  limitation,  neither  trichinosis  nor  scabies,  for  example,  would  be 
considered  an  infectious  disease,  although  they  are  often,  for  the  lack  of  a  distinctive  word,  thus  desig- 
nated. 
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or  the  development  of  lesions.  This  interval  is  called  the  "incubation 
period"  of  the  infection  and  varies  with  different  infective  organisms. 
This  incubation  period  is  that  time  during  which  the  micro-organisms 
are  increasing  sufficiently  in  number  or  virulence  in  the  body  to  induce 
symptoms  and  lesions  or  are  passing  through  developmental  cycles 
marking  their  adaptation  to  the  environment  furnished  by  the  host. 


FORMS  OF  INFECTION. 

Mixed  or  Concurrent  Infection. — It  should  be  borne  in  mind  that  the 
body  which  is  already  the  seat  of  an  infectious  disease  is  usually  espe- 
cially susceptible  to  the  action  of  other  pathogenic  germs,  should  these 
once  gain  entrance;  and  also  that  the  lesions  which  are  associated  with 
many  of  the  infectious  maladies  afford  portals  of  entry  through  the  skin 
or  mucous  membranes  to  other  micro-organisms,  against  the  entrance  of 
which  the  healthy  body  opposes  most  efficient  barriers.  In  fact,  we  now 
know  that  the  action  of  two  or  more  pathogenic  micro-organisms  in  the 
body  at  the  same  time  is  of  very  frequent  occurrence,  many  of  the 
so-called  complications  of  the  infectious  diseases  being  due  to  secondary 
infection  with  a  new  germ  species.  Numerous  examples  of  this  "  mixed  " 
or,  better,  "concurrent,"  infection  are  noticed  in  other  parts  of  this 
book.^ 

Many  important  facts  have  been  revealed  by  the  study  of  bacterial 
association  in  cultures  as  well  as  in  infectious  diseases  of  men  and  ani- 
mals which  cannot  here  be  considered.'  It  may  be  said  in  general  that 
in  animals  as  in  man  concurrent  infection  with  a  second  micro-organism 
increases  the  gravity  of  the  original  situation.  On  the  other  hand,  cer- 
tain experiments  seem  to  indicate  that  sometimes  the  concurrent  action 
of  a  second  germ — streptococcus,  for  example,  with  the  anthrax  bacillus 
— may  render  a  virulent  organism  comparatively  innocuous.  But  the 
conditions  of  the  experiments  are  in  either  case  so  complex  that  the  full 
significance  of  many  curious  phenomena  is  not  yet  apparent. 

Congenital  Infection. — Infection  of  the  foetus  through  such  lesions  of 
the  placenta  as  permit  of  the  passage  of  pathogenic  micro-organisms  from 
the  blood  of  the  mother  to  that  of  the  child  is  of  occasional,  but  not 
frequent,  occurrence.  While  the  barriers  against  such  transmissions  are. 
under  normal  conditions,  effective,  disturbance  in  the  placental  circula- 
tion, lesions  of  the  vessel  walls  or  of  the  tissues  and  covering  of  the 
chorionic  villi  favor  it.  But  infection  may  occur  without  demonstrable 
evidence  of  such  lesions.  Thus  foetal  infection  is  known  to  have  occurred 
in  various  phases  of  suppurative  inflammation,  in  tuberculosis,  typhoid 
fever,  anthrax,  syphilis,  the  exanthematous  fevers,  etc.  There  is  con- 
siderable evidence  that  rarely  the  tubercle  bacillus  may  be  transmitted 

>  For  bibliography  of  mixed  infection  see  Bemheim  and  Oruber,  Lubarsch  and  Ostertag's  "  Eigeb- 
niose,**  Jahig.  2,  for  1895,  p.  1;  also  Wiuaermann  and  Keyaser,  in  Kolle  and  Wassermann's  "Handbuch 
der  Mikro-orKanismen,"  2d  ed..  1912.  Bd.  i.  632. 

*  Consult  Th.  Smith,  Trans.  Assn.  Am.  Phjrs.,  vol.  ix.,  p.  85,  1894;  also  Moore,  "Pathology  and 
Differential  Diagnosis  of  Infectious  Diseases  of  Animals,"  1906. 
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from  mother  to  offspring,  and  remaining  for  a  time  inactive  may  later 
induce  the  characteristic  lesions.^ 

Terminal  Infection. — The  victims  of  chronic  disease  of  the  heart, 
blood-vessels,  kidneys,  liver,  etc.,  are  particularly  susceptible  to  the 
incursions  of  pathogenic  micro-organisms  and  to  infectious  diseases  of 
one  kind  or  another.  Such  persons,  with  or  without  definite  lesions, 
are  in  fact  liable  finally  to  succumb  to  the  complicating  disease.  The 
phrase  ^Uerminal  infection^^  has  been  applied  by  Osier  and  others  to 
this  concurrence  of  diseases  of  such  different  nature,  in  which  the  chance 
infection  of  a  vulnerable  organism  is  so  apt  to  prove  fatal.' 

Great  care  is,  however,  necessary  in  determining  the  significance  of 
the  various  forms  of  bacteria  which  may  be  present  in  the  body  after 
death.  Not  only  may  bacteria  develop  to  a  considerable  extent  in  the 
body  during  the  hours  which  precede  death  when  the  natural  protective 
agencies  are  halting  or  abeyant,  but  this  may  occur  without  such  a 
reaction  on  the  part  of  the  body  cells  as  is  necessary  to  constitute  an 
actual  infection.  Furthermore,  multiplication  and  distribution  of  bac- 
teria in  the  body  after  death  is  of  frequent  occurrence  and  must  in  every 
case  be  taken  account  of  in  weighing  the  evidence  for  terminal  infection. 

COMMUNICABILITY  OF  INFECTIOUS  DISEASES. 

It  is  important  in  practical  dealings  with  the  infectious  diseases  to 
consider  them  in  the  light  of  the  relative  liability  of  transmission  of  the 
actually  known  or  assumed  micro-organisms  from  diseased  to  healthy 
individuals.* 

In  the  first  place,  it  should  be  borne  in  mind  that  the  lower  animals 
are  insusceptible  to  the  ravages  of  some  of  the  micro-organisms  which 
readily  incite  infectious  disease  in  man.  Thus  the  lower  animals  are, 
so  far  as  we  know,  naturally  immune  to  syphilis.  To  certain  diseases  of 
the  lower  animals,  on  the  other  hand,  man  is  not  subject.  But  to  certain 
other  infectious  diseases,  tuberculosis  for  example,  both  men  and  lower 
animals  are  susceptible,  and  both  are,  in  fact,  under  the  prevailing  con- 
ditions of  modern  life,  frequent  victims. 

So  far  as  the  liability  to  the  transmission  of  the  infectious  agents  from 
man  to  man  is  concerned,  there  is  a  very  marked  and  significant  differ- 
ence between  the  infectious  diseases.  It  is  common  usage  to  speak  of  the 
transmission  or  communication  of  disease,  as  if  disease  were  a  self-exist- 
ent thing.  This  usage  fosters  much  loose  thinking.  What  we  call  dis- 
ease is  a  process  involving  a  departure  from,  failure  in,  or  perversion 
of  normal  physiological  action,  either  in  the  material  constitution  or  in 
the  functional  integrity  of  the  living  organism.  When,  therefore,  we 
speak  of  the  transmission  or  communication  of  disease,  what  we  really 
mean  is  not  that  the  disease,  but  the  agent  capable  under  suitable  con- 
ditions of  inciting  the  disease,  is  transmitted  or  communicated.     If  we 

1  For  bibliography  and  summary  of  foetal  infection  see  Lubarsch,  "Engebniase  der  allg.  Aetiologie 
der  Menschen-  und  Thierkrankheit«n,"  Jahrg.  i.,  p.  427,  1895;  also  Fischl,  in  Grancher,  Comby,  and 
Mar/an's  '*Trait6  des  Maladies  de  I'Enfance,"  t.  i.,  p.  454,  bibl. 

*  For  a  study  of  this  class  of  cases  see  Flexner,  Trans.  Assn.  Am.  Phys.,  vol.  xi.,  p.  229,  1896. 

'  See  Chapin,  Sources  and  Modes  of  Infection,  2d  edition,  New  York,  1912. 
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hold  this  obvious  implication  in  mind,  it  is  useful  to  group  the  infectious 
diseases  of  man  into  two  great  primary  classes:  1st,  Those  which  under 
Uie  usual  conditions  of  life  are  not  readily  communicable.  2d,  Those 
which  under  the  usual  conditions  of  life  are  readily  communicable. 

But  while,  for  convenience,  we  may  speak  of  non-communicable  and 
communicable  infectious  diseases,  we  should  remember  that  these  two 
classes  merge  into  each  other,  and  that  in  fact  the  agents  of  infection 
may  at  least  artificially  in  all  cases  be  conveyed  from  one  individual  to 
another.  It  is  only  when  the  conveyance  under  natural  conditions  occurs 
in  a  round-about  way,  or  through  intermediary  agencies,  such  as  the 
mosquito  for  example,  in  malaria  or  yellow  fever,  that  one  may  advis- 
edly speak  of  non-communicable  infectious  diseases. 

Among  the  communicable  infectious  diseases  there  exists  the  widest 
difference  in  the  liability  to  transmission  under  ordinary  circumstances. 
Thus  the  infectious  agents  in  measles  are  given  off  from  the  body  under 
such  conditions  as  render  possible  and  frequent  their  direct  transmission 
to  another  individual  without  the  obvious  contacts  of  person  or  discharges 
with  which  the  conveyance  of  infective  agents  is  associated  in  most  of  the 
communicable  diseases.  In  syphilis,  tetanus,  and  rabies,  on  the  other 
hand,  transmission  of  the  infectious  material  is  rare  or  impossible  without 
a  direct  inoculation. 

Between  these  extremes  the  widest  diversity  exists  in  the  liability  to 
transmission  of  the  infectious  agents  of  the  diseases  of  this  class.  In 
fact  the  liability  to  infection  on  the  part  of  a  healthy  individual  in  the 
presence  of  a  victim  of  infectious  disease  is  largely  dependent  upon  the 
intelligent  care  which  is  exercised  in  the  disposition  of  the  material  con- 
taining the  pathogenic  micro-organism,  usually  secretions  or  excretions, 
which  in  one  way  or  another  the  infected  body  sets  free. 

So  that  while  it  may  be  useful  to  arrange  the  communicable  infectious 
diseases  in  groups,  or  in  such  serial  order  as  may  indicate  the  degree  of 
communicability  of  each  under  the  ordinary  conditions  of  life,  it  should 
always  be  borne  in  mind  that  this  classification  is  not  fundamental  as  is 
that  by  which  the  infectious  diseases  as  a  whole  are  set  apart  from  other 
diseases,  but  is  closely  dependent  upon  the  sanitary  conditions  under 
which  each  case  may  be  placed.  Thus  tuberculosis,  or  diphtheria,  or 
pneumonia  may  be  high  on  the  list  as  readily  communicable  if  the 
patient  be  housed  in  a  crowded  tenement  with  ignorant  or  careless  attend- 
ants, while  if  subjected  to  the  intelligent  ministry  of  sanitary  science 
these  diseases  may  be  accounted  as  relatively  slightly  communicable.^ 

Communicable  infectious  diseases  sometimes  affect  a  considerable 
number  of  persons  in  a  community.  This  constitutes  an  epidemiCj  and 
the  term  epidemic  disease  is  used.  So  also  if  an  infection  is  constantly 
present  in  a  certain  locality  it  is  said  to  be  endemic.  The  term  pandemic 
is  used  to  indicate  the  involvement  of  persons  all  over  a  large  territory 
in  a  particular  infectious  disease. 

*  Before  the  knowledge  of  pathogenic  micro-organisms  had  become  precise,  readily  communicable 
dmaan  were  called  contagious  in  a  rather  loose  and  ill-defined  way,  and  the  unknown  excitant  was 
called  the  coTUagium.  The  word  "contagious"  is  still  used,  in  various  senses,  to  the  detriment  of 
•cieooe  and  should  be  replaced  by  the  word  "communicable"  as  above  indicated. 
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DOfUNITY. 

Nature  and  Forms  of  Immunity. 

We  have  seen  that  an  infectious  disease  is  one  incited  by  the  entrance 
into  the  body  and  proliferation  there  of  pathogenic  micro-organisms,  and 
that  infection  is  the  act  or  process  by  which  such  a  disease  is  incited. 

The  fact  that  all  animals  are  not  equally  susceptible  to  the  ravages  of 
pathogenic  micro-organisms,  and  that  in  man  an  individual  and  often  a 
changing  predisposition  or  invulnerability  to  the  incursions  of  these 
organisms  exists;  the  further  observation  that  one  attack  of  an  infectious 
disease  often  protects  the  victim  for  a  longer  or  shorter  time  against  a 
recurrence;  finally,  the  fact  that  recovery  is  ever  possible  when  once 
self-multiplying  disease-producing  germs  have  obtained  a  foothold  in  the 
body — all  these  facts  and  observations  are  of  such  singular  import  and 
interest  that,  especially  of  late  years,  there  has  been  much  study  on 
the  nature  of  the  agencies  which  the  body  brings  into  play  in  establish- 
ing immunity  in  the  face  of  microbic  invasion,  and  in  coping  with  the 
various  deleterious  factors  at  work  when  once  a  foothold  is  obtained. 
The  scope  of  this  book  does  not  permit  us  to  enter  in  detail  into  this  most 
fascinating  and  important  field.  We  can  give  only  a  brief  summary  of 
some  of  the  more  important  features. 

Immunity  is  insusceptibility,  or  capacity  for  resistance  on  the  part  of 
the  body  to  disease  or,  in  the  more  limited  sense,  to  infection  or  intoxication 
or  their  effects. 

If  we  recall  the  ways  in  which  bacteria  damage  the  organism,  it  will 
be  evident  that  immunity  may  be  due  to  the  fact  that  the  micro-organ- 
isms in  question  simply  do  not  proliferate  in  the  body,  failing,  even 
should  they  gain  entrance,  to  find  the  necessary  conditions.*  On  the 
other  hand,  though  the  conditions  be  in  general  favorable,  substances 
may  exist  or  be  formed  in  the  body  which  destroy  the  invading  germs. 
In  other  words  these  may  at  once  or  soon  be  disposed  of  by  germicidal 
substances,  either  in  cells  or  in  solution  in  the  body  fluids. 

Or,  the  toxic  substances  which  micro-organisms  set  free,  as  in  the 
process  of  their  nutrition  they  decompose  organic  ingredients  of  the  tis- 
sues or  body  fluids,  may  be  rendered  inert  by  further  decomposition  or 
combination  with  substances  present  or  formed  in  the  tissue  fluids.  Or, 
furthermore,  the  cells  which  are  susceptible  to  the  presence  of  the  toxins 
may  become  less  vulnerable  by  adaptation  to  the  deleterious  effects  of 
the  latter.  Thus  by  a  total  unsuitability  of  the  tissues  or  of  the  general 
conditions  to  bacterial  growth;  by  destruction  of  the  invading  germs; 
by  neutralization  or  destruction  of  toxins;  or,  finally,  by  a  capacity  of 
resistance  or  tolerance  won  through  adaptation  to  a  new  and  intrinsically 
harmful  environment,  we  may  conceive  of  conditions  which  in  a  measure 
account  for  the  known  phenomena  of  immunity. 

*  For  a  most  suggestive  and  valuable  paper  on  the  adaptation  of  pathogenic  bacteria  to  different 
■pecies  of  animals  see  Theobald  Smith,  Philadelphia  Medical  Journal,  May  5th,  1900. 
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Immunity  from  an  infectious  disease  may  be  natural  or  hereditary.' 
The  absolute  or  relative  insusceptibility  of  turtles  and  fishes  for 
tet&nus,  of  rats  for  anthrax,  and  of  the  lower  animals  for  syphilis  and 
for  scarlatina,  are  examples  of  hereditary  or  natural  immunity  which  we 
need  not  further  consider  here.  Immunity  is  variable  and  rarely  abao- 
,lute,  and  is  subject  to  individual,  as  well  as  racial,  variation. 

On  the  other  hand,  immunity  may  be  acquired.  Acquired  immunity 
may  be  secured  by  an  attack  of  the  disease  from  which  the  individual 
has  recovered — natural  immunization.  Or,  immunity  may  be  acquired 
by  the  introduction  into  the  body  of  some  material  which  gradually 
diminishes  susceptibility  without  inducing  distinct  disease — arlijicial 
immuriizalion.  Acquired  immunity  may  be  transmitted  from  parent  to 
offspring. 


Flo,  105. — PHAaociTU. 
la  fluid  froiD  the  peritoneal  cavity  of  an  immuniEed  suinea-pis  a  fov  hours  after  die  iDtroductno 
if  IliB  builli  of  typhoid  fever.     DeseDerstive  ehangea  are  seen  in  many  of  the  bacteria  within  the  calk. 

Host  of  the  infectious  diseases  appear  to  confer  a  certain  degree  of 
insusceptibility  to  subsequent  attacks  of  the  same  disease,  though  this 
may  be  partial  and  temporary.  But  the  exanthemata  afford  the  most 
striking  examples  of  acquired  immunity  after  an  attack  of  infectious 
disease. 

Let  us  now  look  more  closely  at  some  of  the  ways  in  which  the  body 
may  thus  protect  itself  from  the  consequences  of  infection. 

It  is  well  known  that  bacteria  artificially  introduced  into  the  blood 
of  animals  may,  after  a  short  time,  wholly  disappear  from  the  circulating 
fluid,  and  be  found  in  large  numbers  in  leucocytes  and  other  cells.  We 
have  already  seen  in  the  study  of  inflammation  {see  p.  98)  that  cer- 
tain cells  of  the  body  are  capable  of  taking  up  not  only  various  kinds  of 
alien  substances,  but  also  micro-organisms  which  enter  the  tissues,  into 
their  cytoplasm  (Fig.  65  p.  100)  and  may  there  kill  and  destroy  them 
(Fig.  105).  This  mode  of  destruction  of  micro-organisms,  largely  by 
leucocytes,  but  also  by  other  mesodermal  cells,  which  when  thus  engaged 
are  called  phagocytes  (see  p.  99),  plays  a  most  important  part  in  the 
establishment  of  immunity.  On  the  other  hand,  certain  ingredients 
of  the  body  fluids,  formerly  called  alexins  or  "defensive  proteids," 
acting  outside  of  cells,  have  been  shown  to  possess  marked  germicidal 

■  For  a  study  of  the  theories  of  natural  immunity  see  MUlla;  "InfeotioD  u.  Immunitflt."  lOlS. 
For  a  Btudy  with  bibl.  of  the  prot«etive  processes  in  natural  immunity,  see  Kittkait.  Zeita.  f.  Hyg.  a. 
bifkr,.  Bd.  itv..  p.  1,  and  Jnd..  xlvii.,  p.  243. 1904.  For  a  study  of  isberited  immunity  see  Kleint  and 
MiUtn.  Zeita.  f.  Hygiene,  eta..  Bd.  Iv.,  p.  179,  I90S. 
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powers.  While  thus  it  might  appear  that  two  fairly  distinct  agencies 
are  of  importance  in  enabling  the  body  to  resist  the  incursions  of  path- 
ogenic germs — cellular  or  "phagocytic,"  and  what  may  be  called  "hu- 
moral" or  chemical — it  is  obvious  that  ultimately -whatever  destructive 
power  the  body  possesses  toward  micro-organisms  must  be  due,  directly 
or  indirectly,  to  cell  activities.  This  phase  of  immunity  has  been  char- 
acterized as  anti-microbic y  anti-bacierialj  or  bacteriolytic  immunity, 
because  it  is  a  mode  of  protection  in  which  bacteria  are  destroyed  or 
their  growth  in  the  body  is  limited  or  prevented. 

Not  less  important  is  another  phase  of  immunity — antitoxic  immunity 
— by  which  the  body  protects  itself  against  the  toxic  substances  through 
which,  in  many  instances,  the  most  serious  manifestations  of  infection 
occur. 

These  two  forms  of  immunity — antitoxic  and  anti-bacterial  or  bac- 
teriolytic— will  be  considered  in  detail  in  a  following  section. 

Furthermore,  the  microbic  toxins  which  are  set  free  by  the  micro- 
organisms, like  other  poisons,  may  be  eliminated  together  with  the  waste 
products  of  body  metabolism  through  the  kidneys,  skin,  etc. 

Artificial  Immunization. 

General  Methods  and  Principles  of  Artificial  Immunization. — It  was 

not  possible  to  gain  a  clear  conception  of  the  factors  entering  into  the 
complex  problems  of  immunity  until  animal  experimentation  had 
revealed  a  host  of  significant  facts  bearing  directly  upon  questions  which 
for  a  long  time  had  seemed  insoluble.  It  has  been  found  as  the  result 
of  experimental  researches  that  artificial  immunity  can  be  secured  by 
gradually  rendering  the  body  tolerant  to  the  presence  of  the  infective 
or  toxic  agencies  without  actually  inciting  the  characteristic  specific 
disease. 

/.  In  one  cla^s  of  procedures  artificial  immunity  is  secured  directly  or 
indirectly  through  the  action  in  the  body  of  bacteria  or  other  microbes  or 
microbic  poisons  whose  virulence  ha^  been  in  one  way  or  another  reduced 
but  not  rendered  altogether  inert;  or  by  the  action  on  relatively  insusceptible 
animals  of  microbes  or  microbic  poisons  of  unimpaired  virulence.  Im- 
munity induced  in  this  way  as  the  result  of  direct  adaptation  of  the  body 
cells  to  the  new  conditions  is  called  active  immunity. 

1 .  Active  immunity  to  particular  forms  of  infectious  disease  may  be  conferred  by 
inoculation  with  cultures  of  the  germ  inciting  the  infection  whose  virulence  ^uis  been  art^'fi- 
cicUly  reduced — attenuated  cultures.  This  reduction  of  virulence  may  be  accomplished 
in  various  ways:  by  cultivation  at  temperatures  above  their  optimum;  by  successive 
inoculations  into  insusceptible  animals;  by  prolonged  artificial  cultivation  in  the  pres- 
ence of  oxygen;  by  exposure  to  certain  inorganic  chemical  substances,  as  the  diphtheria 
bacillus  to  trichlorid  of  iodine,  anthrax  to  bichromate  of  potash,  etc.;  by  exposure  of 
cultures  to  organic  extracts  or  products  of  animal  or  vegetable  cell  metabolism;  by 
drying  (hydrophobia),  or  by  exposure  to  sunlight;  by  killing  the  germs  by  heat,  using 
for  injection  emulsions  of  their  dead  bodies  containing  the  so-called  endotoxin;  and 
in  other  ways. 

With  the  virulence  of  the  micro-organisms  reduced  in  varying  degrees  in  one  or 
other  of  the  ways  just  mentioned,  the  gradual  habituation  of  the  bodies  of  animals  to 
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the  presence  of  pathogenic  germs  may  be  pursued  imtil  cultures  of  full  virulence  are 
tolerated.^ 

2.  Active  immunity  may  be  conferred  by  the  injection,  in  gradually  increasing 
doses,  of  the  metabolic  products  of  bacterial  growthy  either  with  or  without  the  dead 
bodies  of  the  germs  themselves — the  bacilli  of  typhoid  fever,  for  example.  The  pri- 
mary virulence  of  these  usually  toxic  products  of  microbic  growth  may  be  in  various 
ways  diminished,  by  heating,  by  mixing  with  organic  extracts  such  as  that  of  the  thy- 
mus gland,  or  with  an  inorganic  chemical  substance  such  as  trichlorid  of  iodine,  or  by 
small  doses  of  the  already  prepared  antitoxin — see  below. 

3-  Active  immunity  may  be  secured  in  some  cases  by  the  inoculation  of  animals, 
which  are  but  moderately  susceptible  to  the  species  employed,  with  small  but  increas- 
ing quantities  of  germs  having  unimpaired  virulence.  Under  these  conditions  the 
animal  becomes  less  and  less  responsive  to  the  germ,  until  finally  it  may  display  no 
reaction  after  a  quantity  of  the  virulent  culture  which  at  first  would  have  been  in- 
evitably fatal. 

Immunization  in  man  by  the  direct  use  of  dead  bacteria  or  bacterial  poisons  or  of 
virus  of  diminished  virulence  has  been  largely  practised  in  typhoid  fever,  cholera,  and 
hydrophobia. 

In  active  immunity  the  protective  material  is  elaborated  by  the 
immunized  individual,  the  process  requires  considerable  time,  and  the 
effect  lasts  for  a  considerable  period. 

II.  In  a  second  class  of  procedures  artificial  immunity  is  secured  by  the 
direct  mingling  of  the  body  fluids  from  an  individual  already  immunized  in 
some  of  the  above  ways,  with  those  of  the  individual  to  be  protected.  Im- 
munity secured  in  this  way,  in  which  the  immunizing  substance  used  has 
been  elaborated  by  another  individual,  is  called  passive  immunity. 

1.  Extracts  of  various  organs  and  tissues  of  animals  suffering  from  infectious  dis- 
ease rendered  germ-free  and  injected  into  healthy  animals,  have  been  found  in  some 
cases  to  confer  a  certain  degree  of  immunity. 

2.  The  blood  serum  of  animals  naturaUy  immune  to  a  particular  infectious  disease 
has  been  found,  on  injection  into  those  which  are  susceptible  to  the  same  disease,  to 
impart  in  some  cases  a  certain  degree  of  insusceptibility. 

3.  The  blood  serum,  finally,  of  animals  which  have  been  rendered  in  one  way  or 
another  artificially  immune  to  certain  diseases,  if  introduced  under  proper  conditions 
into  another  susceptible  animal,  has  been  found  not  only  to  confer  a  temporary  immu- 
nity, but,  if  administered  to  an  already  stricken  individual,  to  aid  him  in  the  most 
marked  and  efficient  way  to  overcome  the  deleterious  agencies  at  work. 

The  use  of  blood  serum  of  artificially  immunized  animals  for  this  purpose  is  of  far 
greater  practical  importance  than  either  of  the  methods  1  or  2. 

In  passive  immunity  the  protective  material  is  furnished  ready  made, 
the  effect  is  secured  at  once  and  is  temporary. 

Antitoxic  Immunity. 

It  appears  from  a  study  of  the  results  of  artificial  immunization,  as 
well  as  of  the  immunity  which  is  involved  in  the  natural  recovery  from 
infectious  disease,  that  one  of  the  ways  in  which  immunity  is  secured  is 

*  On  the  oontraiy  the  virulence  of  a  particular  strain  of  pathogenic  bacteria  may  be  exalted  by  a 
•eriee  of  '*  passages  "  through  a  susceptible  ^nimnl.  When  the  infection  from  inoculation  has  developed 
in  the  first  animal,  cultures  derived  from  it  are  used  to  infect  a  second*  and  so  on  through  a  series  of 


In  this  way,  it  is  assumed,  the  self-protective  adaptations  of  the  bacteria  are  made  evident  in  the 
tnereasing  potmcy  of  the  toxins  which  they  produce,  the  toxins  bein  one  of  the  important  factors  in 
▼imlenoe. 
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by  the  formation  of  substances  in  the  body  fluids  which  in  some  way 
neutralize  or  suspend  the  action  of  toxins — antitoxic  immunity. 

Thus  in  diphtheria  and  tetanus  the  antitoxic  substances  are  largely 
developed,  while  in  many  other  infectious  diseases,  such  as  cholera  and 
typhoid  fever,  it  appears  to  be,  in  part  at  least,  through  the  bacterio- 
lytic substances  that  protection  is  secured.  While  in  many  instances 
both  of  these  types  of  protective  substances  may  be  formed  during  im- 
munization, one  or  the  other  is  usually  preponderant.^ 

The  antitoxic  substances  are  most  closely  related  to  the  globulins, 
but  beyond  this  their  chemical  nature  has  not  been  definitely  ascertained.' 

The  effect  of  antitoxin  in  the  blood  in  rendering  harmless  the  toxic 
substances  which  they  form  apparently  is  accomplished,  not  by  the 
destruction  of  the  toxins,  but  by  a  chemical  union  of  toxin  with  anti- 
toxin, whereby  the  former  is  deprived  of  its  capacity  to  injure  cells. 

The  knowledge  of  this  antitoxic  immunizing  action  of  specially 
endowed  blood  serum  has  been  most  fully  developed  in  diphtheria  and 
tetanus. 

During  the  growth  of  the  diphtheria  bacillus  in  nuu/ient  broth  a 
toxic  substance  is  developed  which  mingles  with  the  broth.  This  is 
called  diphtheria  toxin,  and  subcutaneous  injections  of  this  toxin  in 
animals — guinea-pigs,  for  example — prove  fatal,  in  appropriate  dosage, 
with  symptoms  and  lesions  similar  to  those  caused  by  inoculation  with 
the  living  germ.  It  has  been  found  that  by  repeated  injections  of  the 
diphtheria  toxin  in  susceptible  animals,  at  first  with  small,  then  with 
gradually  increasing,  doses,  the  animal  may  at  length  become  so  insus- 
ceptible to  the  action  of  the  poison  that  many  times  the  usually  fatal 
dose  is  borne  without  sensible  reaction.  Similar  immunity  can  be  con- 
ferred in  certain  animals  by  the  use  of  the  living  cultures  of  the  diphtheria 
bacillus  either  fully  virulent  or  with  reduced  virulence  (see  p.  163), 
administered  at  first  in  small  doses  which  are  gradually  increased. 

In  whichever  way  immunity  be  conferred,  it  has  been  found  that  the 
blood  of  the  artificially  immunized  animal  contains  a  substance,  or  sub- 
stances, called  diphtheria  antitoxin ^  which,  on  being  introduced  with  the 
blood  serum  into  other  susceptible  animals,  may  not  only  confer  a 
quickly  established  immunity — passive  immunity — but,  without  destroy- 
ing the  diphtheria  germ,  may  protect  against  its  toxic  effects  when 
the  disease  is  already  under  way.  Thus,  through  the  artificial  immuniza- 
tion of  horses  and  the  hypodermatic  use  of  the  serum  of  their  blood  in 
man,  the  so-called  "serum  therapy"  has  assumed  a  very  important  and 
beneficent  r61e  in  the  prevention  and  treatment  of  diphtheria.' 

1  The  damage  or  destruction  of  bacteria  by  anti-bacterial,  batericidal,  or  bacteriolytic  substances 
naturally  limits  or  prevents  the  formation  of  toxic  materials  by  the  micro-organtsnas,  although  the 
cells  of  the  body  may  be  very  susceptible  to  the  action  of  these.  So  that  the  absence  of  evidence  of  the 
establishment  of  antitoxic  immunity  in  an  infectious  disease  may  mean,  not  that  the  body  is  incapable 
of  this,  but  only  that  no  opportunity  is  offered  for  its  development. 

*  See  Hi88  and  Atkinson,  Journal  of  Experimental  Medicine,  vol.  v.,  p.  47,  1900. 

*  The  antitoxic  value  or  power  of  each  specimen  of  antitoxic  serum  is  experimentally  determined 
by  finding  the  amount  of  the  serum  required  to  protect  the  test  animal  against  the  action  of  a  definite 
amount  of  toxin  of  known  strength.  Various  standards  have  been  adopted ,  the  value  of  the  serum  beins 
expressed  in  terms  of  the  "  antitoxin  unit."  For  example,  in  the  determination  of  antitoxin  value  made 
use  of  by  the  Department  of  Health  of  the  City  of  New  York,  an  antitoxin  unit  is  the  amount  of  anti- 
toxic serum  required  to  protect  a  guinea-pig  weighing  250  grammes  from  death,  when  one  hundred  timet 
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Results  similar  to  those  obtained  in  the  study  of  diphtheria  antitoxin 
have  been  realized  in  the  investigations  of  tetanus.  But  the  practical 
value  of  the  tetanus  antitoxin  as  a  therapeutic  agent  is  less  obvious.  It 
has  been  shown,  further,  that  antitoxic  sera  may  be  developed  in  the  body 
during  immunization  to  snake  venom,  the  poison  of  the  spider  and 
scorpion,  vegetable  poisons,  such  as  ricin  and  abrin,  and  to  other 
albuminous  animal  and  vegetable  materials.  Thus,  also,  through 
experimental  adaptation,  the  living  body-cells  may  elaborate  and  set 
free  into  the  serum  substances  which  suspend  the  action  of  ferments, 
like  rennet,  pancreatin,  fibrin  ferment,  etc. 

Not  all  toxic  substances,  however,  are  capable  of  inciting  the  living 
body  to  the  formation  of  antitoxic  substances;  nor  are  these  apparently 
formed  in  such  considerable  amount  in  most  of  the  infectious  diseases, 
as  is  the  case  in  diphtheria  and  tetanus. 

The  action  of  these  antitoxic  substances  is,  within  certain  limits, 
specific;  that  is,  the  antitoxin  of  diphtheria  protects  against  diphtheria, 
that  of  tetanus  against  tetanus,  etc.^ 

EHRLICH'S  **SIDE-CHAIN"  HYPOTHESIS. 

We  have  seen  that  a  most  remarkable  series  of  facts  is  developed  by  our  studies  of 
infectious  diseases  illuminated  by  the  results  of  animal  experimentation.  When  the 
living  body  is  invaded  by  a  certain  toxic  complex  organic  material,  not  always  of  mi- 
crobic  origin,  the  body  adapts  itself  to  the  new  conditions  by  the  elaboration  of  sub- 
stances which  protect  it  from  the  action  of  that  poison.  Each  new  protective  sub- 
stance is  effective  against  the  particular  poison  which  induced  its  formation.  Not 
only  this,  but  if  the  blood  serum  containing  these  new  protective  substances  be  trans- 
ferred to  another  individual  they  protect  him  also — passive  immunity — against  the 
special  poison  which  called  them  forth  in  the  body  of  the  first. 

How  are  we  to  conceive  of  this  wonderful  adaptive  power  of  the  hving  body  under 
conditions  which  seem  to  be  wholly  new  in  the  life  of  the  individual;  a  power  which 
at  first  appears  to  transcend  the  known  capacities  of  the  body-cells? 

This  singular  capacity  of  the  body-cells  to  develop  in  emergencies  apparently  new 
substances  has  naturally  given  rise  to  much  study  and  to  many  speculations  and  hy- 
potheses. The  scope  of  this  book  does  not  permit  even  of  enumeration  of  these.  But 
it  is  necessary  to  bring  forward  at  least  in  outline  the  so-called  "  side-chain  "  hypothesis 
of  Ehrlich  by  which  he  strove  to  account  for  the  phenomena  of  antitoxic  immunity  as 
exemplified  with  especial  clearness  in  diphtheria  and  tetanus.  Without  his  hypothesis 
we  are  to-day  still  practically  at  sea  in  our  views  of  the  nature  of  antitoxic  immuntty, 
while  this  remarkable  capacity  of  the  body  to  manufacture  the  greatest  variety  of 
potent  specific  antidotes  to  the  most  subtle  and  virulent  poisons  becomes,  for  the  first 
time,  comprehensible  in  the  Ught  of  this  ingenious  conception.  It  is  now  several  years 
since  Ehrlich 's  hypothesis  was  enunciated,  and,  whatever  may  be  its  merit  as  a  direct 
contribution  to  science,  there  can  be  no  doubt  that  it  has  been,  in  a  remarkable  degree, 
an  inspiration  to  the  most  fruitful  research.  It  is  practically  impossible  to  follow  the 
recent  work  on  immunity  without  a  knowledge  of  this  hypothesis  and  familiarity  with 
the  nomenclature  to  which  it  has  given  rise. 

the  fatal  dose  of  diphtheria  toxin  is  mixed  with  the  serum  and  the  mixture  injected  subcutaneously  into 
the  animal.  The  usual  dose  for  human  administration  may  contain  from  three  hundred  to  six  thou- 
sand units. 

^  For  a  detailed  consideration  of  the  specificity  of  infectious  agents  see  Kolle  in  KoUe  and  Wasser- 
mann's  "Handbuch  der  Mikroonsanismen,"  Bd.  i.,  p.  288. 

The  monograph  by  Citron^  **  Die  Methoden  der  Immunodiagnc»tik  und  Immunotherapie,"  1910, 
contains  many  facts  of  practical  importance  in  the  application  of  theorie'4  of  immunity:  while  Kraus 
and  L^vodt/ra  "  Handbuch  der  Technik  und  Methodik  der  Immunitatsforschung."  I  Enganz.,  191 1, 
famishes  a  most  valuable  survey  of  the  entire  subject  from  the  point  of  view  of  method. 

For  a  summary  of  the  results  of  serum  therapy  see  Park,  Harvey  Lectures,  1905-06. 
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In  order  to  comprehend  the  hypothesis  of  Ehrlich  regarding  the  origin  and  nature 
of  antitoxin,  it  is  necessary  for  us  to  form  with  him  a  clear  conception  of  cell 
assimilation. 

We  conceive  of  the  cell  as  a  mechanism  for  the  storage  of  energy  derived  from 
without  and  for  its  release  under  definite  conditions.  This  storage  of  energy  is  possible 
through  the  assimilation  and  building  up  by  the  cell  of  complex  molecular  combina- 
tions. These,  owing  to  their  instability,  are  readily  stored  into  less  complex  and 
more  stable  combinations  with  the  release  of  the  stored-up  energy.  Thus  is  the  life  of 
the  cell  manifested. 

This  broad  conception  of  the  cell  is  a  purely  intellectual  one,  however,  for  the  de- 
tails of  cell  metabolism  still  elude  the  keenest  scrutiny  of  the  chemist.  He  cannot 
formulate  protoplasm  nor  express  its  chemical  changes  by  proportionate  symbols. 

Now,  accepting  this  condition  of  affairs  as  for  the  moment  inevitable,  Ehrlich 
seeks  to  express  his  view  of  the  character  of  the  cell's  performances  in  general  terms, 
disregarding  its  morphological  peculiarities,  somewhat  as  follows:  We  may  conceive  of 
the  cell  as  consisting  of  a  central  group  of  very  complex  molecular  combinations  which 
maintains  the  characteristics  and  special  capacities  of  the  cell  as  an  organism  under  all 
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FiQ.  106. — Diagram  Illustrating  the  Action  op  Receptors  in  the  Ndtrition  of  the  Cell. 

A,  Portion  of  cell  body;  a,  food  molecule;  6,  c,  d,  receptons. 

the  vicissitudes  of  its  existence.  Associated  with  this  central  organic  group  are  many 
and  various  subsidiary  atom-complexes  which  by  means  of  their  unsatisfied  affinities 
bring  the  central  group  into  relationship  with  food  material  through  those  chemical 
combinations  which  in  living  protoplasm  characterize  assimilation. 

These  unsatisfied  affinities  by  which  assimilable  material  is  fixed  or  united  to  the 
cell  have  been  called  "side  chains,"  a  term  adopted  from  the  chemist.  Not  to  press 
too  closely,  however,  the  analogy  between  the  chemical  processes  in  lifeless  substances 
and  assimilation  in  living  matter,  these  affinities  or  "side  chains'*  of  protoplasm  are 
now  commonly  called  receptors. 

If  we  seek  to  illustrate  Ehrlich's  conception  we  shall  be  obliged  to  use  graphic 
figures  of  extreme  crudity.  If  the  arc  of  a  circle  in  Figure  106  represents  a  portion  of 
the  periphery  of  a  cell,  we  may  indicate  the  side  chains  or  affinities  or  receptors  by 
projections  whose  special  shape  shall  indicate  their  special  capacity  to  combine  with 
any  substance  coming  in  contact  with  them  under  favorable  conditions.  Suppose  in 
this  figure  we  let  a  represent  a  nutrient  molecule  which  is  capable  of  combining  with 
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the  receptor  b,  belonging  to  the  cell  A,  Through  its  union  with  6,  and  only  through 
this,  is  it  capable  of  entering  into  the  metabolism  of  the  cell.  This  molecule  a  cannot 
unite  with  the  receptor  c  or  d,  but  only  with  such  receptors — to  use  the  crude  expression 
which  our  illustration  requires — as  it  fits.  Through  the  receptors  c  and  d  other 
forms  of  food  molecules  may  enter  into  the  metabolism  of  the  cell. 

Thus  it  is  in  Ehrlich's  conception,  which  after  all  is  only  a  graphic  way  of  illustrat- 
ing the  preUminary  phases  of  assimilation  by  living  protoplasm,  that  the  cell  is  capable 
of  selecting,  or  "fixing,"  out  of  the  host  of  various  substances  with  which  it  comes  in 
contact,  just  those  and  only  those  to  which  its  receptors  bear  a  definite  chemical 
relationship. 

The  same  thing  is  true  of  toxic  as  of  nutrient  substances.  In  order  to  be  toxic  to 
the  cell  they  must  enter  into  chemical  combination  with  a  suitable  receptor  of  the 

cell.     Then  only  can  they  lead  to  the  forms  of  damage  which  we 
are  here  considering.^ 

As  the  result  of  many  studies  on  the  nature  and  effects  of 
toxins,  Ehrlich  is  led  to  believe  that  the  toxin  molecule  con- 
sists of  two  forms  of  afiinities:  one  through  which  the  chemical 
union  with  the  cell  is  effected — called  the  haptophorous  group ; 
•     '  and  the  other — called  the  toxophorous  group — by  which  the 

r     '  damage  to  the  cell  is  brought  about  when  once  the  toxin  mole- 

\j  cule  is  anchored  to  it.' 

This  conception  may  be  illustrated  as  in  Figure  107,  in  which 
IixcvTRATmo  °Sup^  *^®  toxophorous  group  a  of  the  toxin  molecule  can  be  effective 
posKo  Character  of  in  damaging  the  cell  only  when  united  to  the  latter  by  the 
THE  Toxnt  MoLxcDLB.     haptophorous  group  b. 

a.  Toxophorous  group:  Having  now  conceived  of  the  hving  cell  as  consisting  of  a 

6,  haptophorous  group,  central  essential  complex  molecular  group,  brought  into  rela- 
tionship with  its  food  materials  by  means  of  a  great  number  of 
the  most  varied  receptors,  through  which,  under  normal  conditions,  assimilation  is 
secured,  let  us  see  what  may  happen  if  toxins  come  in  contact  with  Uving  cells  which 
are  furnished  with  receptors  capable  of  uniting  with  them. 

The  imion  of  the  toxin  molecule  with  the  Uving  cell  being  effected,  the  cell  is  more 
or  less  damaged.  If  the  damage  be  sufficient,  the  cell  dies.  But  suppose  the  damage 
to  be  but  slight,  as  may  be  the  case  in  artificial  immunization  or  in  early  stages  of  an 
infection.  The  cell  is  at  least  deprived  of  the  useful  offices  of  the  receptor  to  which 
the  toxin  molecule  is  now  united.  This  is  in  itself  a  loss  to  the  ceU,  and  through  the 
regenerative  impulses  common  to  all  living  cells  it  proceeds  to  regenerate  the  lost  parts, 
which  in  this  case  are  the  receptors.  But  as  more  receptors  are  thrown  out  of  function 
by  the  continued  action  of  the  toxin,  the  necessity  for  compensation  continues. 

Now  it  is  a  fact  long  known  to  pathologists,  and  especially  emphasized  by  Weigert, 
that  the  regenerative  impulse  is  apt  to  be  in  excess  of  the  obvious  requirements  and 
leads  to  overproduction  of  new  cells,  tissues,  chemical  substances,  etc.  This  is  what 
now  happens  to  the  cells,  some  of  whose  receptors  Have  been  rendered  useless  by  com- 
bination with  the  toxin.  New  receptors  are  formed,  more  than  the  cell  requires;  so 
numerous  may  these  become  that  many  are  at  last  cast  off  into  the  blood.  Here  is  the 
point  at  last.  These  receptors  or  substances ,  normal  and  useful  to  the  body,  but  now 
formed  in  excess  through  over-compensation ,  and  set  free  from  the  cells  into  the  body  fluids, 
are  the  antitoxin. 

>  It  18  evident,  from  what  has  been  said  about  the  conditions  under  which  substances  can  be  toxic, 
that  the  natural  immunity  of  one  animal  to  a  given  agent  which  is  toxic  in  another  may  be  simply  due 
to  the  fact  that  the  ceUs  of  the  former  have  no  receptons  with  which  this  agent  can  unite,  or,  if  this 
unioo  does  take  place,  that  the  cell  is  not  thereby  damaged.  This  consideration  has  an  important  bear- 
ing upon  our  conception  of  natural  immunity. 

This  so-called  "fixing"  or  "binding"  of  toxin  to  tissues  may  be  demonstrated  by  mixing  some  of 
the  potent  tetanus  toxin  with  fresh  brain  tissue  of  the  horse  or  guinea-pig,  whereupon  the  mixture,  if 
made  in  suitable  proportions,  becomes  innocuous. 

'  Elhrlich  was  led  to  this  belief  in  the  complex  nature  of  the  toxin  molecule  through  the  curious 
fact  that  diphtheria  toxin  may  under  a  variety  of  conditions  lose  its  toxicity,  but  still  retain  its  capacity 
of  neutralising  antitoxin  and  also  of  uniting  with  cells,  and  thus  inducing  the  formation  of  antitoxin 
in  the  animal  body.     Such  toxin  molecules  deprived  of  the  toxophorous  group  are  called  toxoids. 
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For,  Bet  tree  in  the  body-Ruida,  these  superfluous  receptors  still  retain  their  com- 
biniDg  power  for  the  free  toxin  molecules,  which,  also,  are  in  solution  in  the  body-fluids, 
and  uaite  with  them.  This  union  having  been  effected,  the  toxin  molecules  are  no 
longer  a  menace  to  the  cell,  because  the  affinities  are  now  satisfied  through  which  the>' 
joined  the  receptors  while  these  were  still  a  part  of  the  cell,  and  in  this  way  became 
harmful.  This  now  inert  combination  of  toxin  molecules  and  detached  receptors  is 
physiologically  indifferent  stuff,  and  may  be  removed  from  the  body  by  the  usual 
processes  of  excretion. 

But  the  antitoxin  which  has  not  united  with  toxin  in  the  body  of  the  animal 
which  produced  it  is  still  available  on  the  transference  of  the  serum  to  another  in- 
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dividual  whose  blood  contains  diphtheria  toxin,  and  who  may  thus  secure  passive 
immunity. 

If  we  have  recourse  again  to  the  graphic  method,  the  hyperproduction  of  recep- 
tors by  the  damaged  cell,  their  separation,  and  their  action  as  antitoxin,  may  be  indi- 
cated, as  in  Figure  108.  Let  A  represent  a  portion  of  a  cell-body.  The  toxic  molecule 
a,  uniting  with  the  receptors  b,  leads  through  the  injury  to  the  cell,  as  well  as  bv  its 
deprivation  of  the  normal  use  of  6,  to  the  production,  and  atlength  to  the  overproduc- 
tion, of  new  receptors  of  the  same  kind.  These  superfluous  receptors  c  are  now  set  free 
into  the  body  fluids,'  where,  as  at  x,  they  may  freely  unite  with  the  toxin  molecules, 
forming  harmless  compounds  and  preventing  further  access  of  the  toxin  to  the  cell, 

■  These  receptora  of  various  kiaits,  cut  off  tato  the  body  fluids  under  the  moat  divene  oondiliMi. 
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where  alone  the  damage  can  be  done.     Or,  when  free,  as  at  i/,  the  receptors  may  be 
transferred  in  the  serum,  becoming  effective  as  antitoxin  in  another  individual. 

It  is  well  to  note  that  so  long  as  the  receptor  maintains  its  connection  with  the  ceU 
it  is  not  antitoxin,  but  an  element  of  vulnerability  to  the  cell.  It  is  only  when  the 
receptor  has  been  set  free  from  the  cell  that  it  is  antitoxin. 

The  antitoxin  substance  which  neutralizes  the  action  of  the  toxin  molecule  of  diph- 
theria is  not  effective  for  the  poison  of  tetanus,  for  example,  simply  because  it  does  not 
combine  with  the  molecule  of  tetanus  toxin.  It  is  specific  for  diphtheria,  because  it 
was  the  diphtheria  toxin  which  excited  its  overproduction  through  a  chemical  union 
identical  in  character,  whether  this  union  takes  place  while  the  receptor  is  a  part  of  the 
cell,  in  which  case  the  toxin  becomes  harmful,  or  when  the  receptor  is  detached  from 
the  cell,  in  which  case  the  combination  is  harmless. 

In  the  light  of  this  hypothesis  the  specific  character  of  the  antitoxic  substances 
appears  to  be  but  the  result  of  adaptation  to  unusual  conditions  of  cell  capacities 
evolved  and  fostered  for  the  every-day  maintenance  of  life.  The  specific  relationship 
between  the  toxin  and  the  antitoxin  is  not  developed  during  immunization,  but 
existed  beforehand  as  a  necessary  condition  of  toxic  action. 

This  hypothesis  not  only  accounts  for  the  formation,  protective  action,  and  speci- 
ficity of  antitoxin,  but  reveals,  also,  a  special  significance  in  the  incubation  period,  dur- 
ing which  the  conservative  forces  are  mustering.  We  can  realize,  furthermore,  in  the 
light  of  this  hypothesis,  how  it  is  that  the  protection  secured  in  active  immunization  is 
less  immediate  and  also  why  it  is  more  prolonged  than  in  the  passive,  since  in  the  latter 
the  available  antitoxin  is  limited  to  the  dosage  and  is  not  replenished  as  in  active 
immunity  by  the  continued  cell  activities  of  the  affected  individual  himself. 

The  conception  of  Ehrlich  as  to  the  nature  of  antitoxin  is  that  of  the  chemist,  and 
carries  over  to  the  performances  of  protoplasm  the  presumptions  upon  which  chemical 
reactions  in  general  are  conceived  and  formulated.  But  this  is  not  an  easy  matter, 
since  our  knowledge  of  the  ultimate  phases  of  protoplasmic  metabolism  is  very  incom- 
plete. The  physiological  chemist  presents  to  us  as  his  final  achievement  in  analysis  an 
extremely  elaborate  complex  which  he  calls  the  proteid  molecule.  This  he  does  not 
yet  venture  to  formulate.  Thus  it  is  that  when  we  attempt  to  illustrate  in  graphic 
fashion  our  conception  of  the  performances  of  proteid  molecules,  either  in  normal  metab- 
olism or  in  poisoning,  we  are  forced  to  use  the  crudest  of  symbols.  The  use  of  such 
symbols  is  not  without  hazard,  for  these  toxins  and  these  receptors  are,  in  truth,  not 
histological  structures,  but  molecular  groups ;  they  are  not  alone  upon  the  surfaces,  but 
through  all  the  mass,  of  the  protoplasm.  They  do  not  "  break  "  off  from  the  cell,  but 
are  set  free  as  are  other  chemical  substances  which  result  from  molecular  transfor- 
mations. Thus,  if  one  cannot  at  last  translate  these  uncouth  symbols  into  the  nice 
conceptions  of  the  chemist,  they  will  prove  but  stumbling-blocks. 

There  has  been  much  discussion  of  Ehrlich's  hypothesis,  and  it  has  withstood  many 
assaults,  mostly  inspired  by  misconceptions. of  the  fundamental  claims.  The  scope  of 
this  book  does  not  permit  us  to  consider  the  many  and  ingenious  experiments  by  which 
this  view  of  antitoxic  immunity  has  been  sustained,  nor  is  it  practicable  now  to  call 
attention  to  many  of  the  phenomena  not  yet  accounted  for  or  seemingly  inconsistent 
with  the  interpretations  here  set  forth. 

It  is  a  working  hypothesis  which  no  doubt  indicates  but  crudely  the  nature  of  the 
subtle  processes  concerned,  as  must  indeed  be  the  case  while  our  knowledge  of  the 
phases  of  energy  which  sway  and  determine  life  is  still  very  meagre;  but  it  has  already 
inspired  much  fruitful  research  which  is  an  important  feature  of  working  hypotheses 
in  whatever  field,  and  whatever  their  ultimate  fate. 

Bactericidal  or  Antibacterial  Immunity   (Bacteriolytic  Immunity.) 

General  Considerations. — An  extended  series  of  studies  on  artificial 
immunization  has  shown,  as  we  have  seen,  that  in  relatively  few  instances, 
notably  in  diphtheria  and  tetanus,  whose  inciting  bacteria  set  free  in 
cultures,  as  in  the  body,  soluble  toxins  of  great  potency,  is  the  protection 
secured  by  the  formation  of  antitoxic  substances.     Nevertheless,  when 
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in  some  of  the  ways  detailed  above  (p.  162)  an  animal  has  been  grad- 
ually adapted  to  cultures  of  pathogenic  bacteria  either  living  or  dead, 
or  to  their  products,  it  has  been  found  that  the  body  fluids  contain  pro- 
tective substances.  The  protective  action  in  these  instances  in  some 
cases  has  been  shown  to  be  associated  with  the  induction  of  morpho- 
logical changes  in  bacteria  which  indicate  their  damage  or  destruction — 
bacteriolysis.  Active  immunization  in  man  with  the  dead  bodies  of 
their  respective  bacteria  has  been  widely  practised  in  typhoid  fever, 
Asiatic  cholera,  and  plague,  with  apparently  favorable  results,  while  the 
use  of  the  serum  of  immunized  animals,  in  these  and  certain  other  dis- 
eases, has  not  been  thus  far  very  encouraging  in  conferring  passive 
immunity. 

While,  therefore,  the  data  at  hand  in  those  artificial  immunizations 
which  are  not  antitoxic,  point  to  the  bactericidal  and  bacteriolytic  action 
of  substances  developed  in  the  body  as  the  important,  if  not  the  domi- 
nant protective  factors,  there  may  be  many  other  processes  contributing 
to  the  same  end,  which  are  as  yet  not  clearly  defined.  Thus,  there  may 
be  increased  phagocytosis;  vulnerable  body-cells  may  become  less  suscep- 
tible, the  growth  of  bacteria  may  be  inhibited  though  they  be  not 
destroyed,  etc.     But  these  possibilities  cannot  be  discussed  here. 

Furthermore,  it  should  not  be  forgotten  that  the  antitoxic  action  of 
protective  sera  may  often  be  associated  with  those  agents  which  directly 
damage  the  infecting  organism. 

As  regards  the  destruction  of  bacteria  in  the  body,  we  have  seen  that 
this  may  take  place  directly  through  the  action  of  phagocytes  or  by  the 
action  of  the  body  fluids.  But  the  details  and  exact  nature  of  this  de- 
structive process  have  been  extremely  diflicult  of  study,  owing  to  their 
complexity  and  the  minuteness  of  the  micro-organisms.  Quite  recently, 
however,  a  series  of  remarkable  studies  in  a  related  field  have  led  to  a 
clearer  conception  of  the  ways  in  which  bacteria  and  many  other  alien 
organic  substances  are  destroyed  in  the  body,  under  ordinary  circum- 
stances as  well  as  under  the  special  conditions  which  infection  involves. 

"Pfeiffer  Phenomenon." — Several  years  ago,  Pfeiffer^  showed  that 
the  blood  serum  of  a  guinea-pig,  artificially  immunized  against  the 
cholera  vibrio,  was  capable,  under  certain  conditions,  not  only  of  immobil- 
izing and  killing  cholera  germs  in  a  short  time,  but  also  of  causing  their 
disintegration  and  destruction.  This  significant  capacity  of  immune 
serum  was,  after  a  long  series  of  experiments,  finally  found  to  be  due  to 
two  distinct  substances.  One  of  these  appears  to  be  formed  in  the  body, 
as  the  result  of  the  gradual  adaptation  of  the  animal  to  the  cholera 
microbe,  and  was  called  the  immune  substance.  The  other  seemed  to 
be  normally  present  in  the  serum  of  the  warm-blooded  animals,  and  to 
be  identical  with  the  substance  which  had  long  been  regarded  as  in 
itself  germicidal,  and  which  had  been  called  by  Buchner  alexin.  It  was 
presently  found  that  lysis  of  the  cholera  microbe  occurred  only  when 
these  two  substances  act  together,  neither  of  them  when  separate  having 
lytic  power.     If  the  two  substances,  the  immune  substance  and  the  alexin, 

>  Zeits.  f.  Hygiene,  Bd.  xvii.  p.  355,  1894. 
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lytic  when  together,  are  heated  to  56°  C,  the  l)rtic  capacity  is  lost.  But 
if  a  small  amount  of  fresh  blood  serum  containing  alexin  be  now  added, 
the  lytic  power  is  at  once  restored.  These  curious  facts,  set  forth  in 
part  by  Pfeififer  and  further  developed  by  Bordet  and  Metchnikoff, 
obviously  have  a  significant  bearing  upon  our  conception  of  the  proc- 
esses by  which  those  phases  of  immunity  are  secured,  in  which  the 
destruction  of  micro-organisms  plays  an  important  part. 

But  the  study  of  the  effects  of  lytic  sera  upon  bacteria  is  one  of  great 
technical  difficulty,  so  that  it  is  only  since  an  important  series  of  obser- 
vations were  made  upon  the  lytic  action  of  the  body  fluids  on  other  and 
more  easily  studied  forms  of  cells  that  our  conception  of  the  nature  of 
bacteriolysis  has  become  at  all  clear. 

It  is  therefore  necessary  for  us  to  look  briefly  at  a  new  line  of  research 
bearing  upon  bacteriol)rtic  immunity  which  has  already  led  to  most  sig- 
nificant results  and  opened  biological  fields  of  great  scope  and  complexity. 

CYTOLYTIC  SUBSTANCES— CYTOLYSIS. 

Hsemolysins — ^Hcemotozins. — It  has  been  known  for  some  time  that 
the  blood  serum  of  one  animal  species,  when  injected  into  the  vessels  of 
another,  may  do  serious  damage  and  even  kill  the  latter  through  a  rapid 
separation  of  the  haemoglobin  from  the  red  blood  corpuscles.  This 
dangerous  effect  brought  to  a  speedy  end  attempts  which  were  at  one 
time  made  to  sustain  the  ebbing  forces  of  life  by  the  transfusion  of  alien 
blood.  But  the  significance  of  this  so-called  "laking"  of  the  blood  by 
mixture  with  alien  sera  was  overlooked. 

Bordet,  however,  was  recently  led  to  inquire  whether  if  the  animal 
body  be  capable  of  adapting  itself  to  toxic  substances  and  to  bacteria  in 
such  a  way  as  to  neutralize  the  effects  of  toxins  and  to  destroy  bacteria 
as  had  been  shown  by  earlier  experiments,  it  may  not  respond  similarly 
to  the  introduction  of  other  foreign  substances  such  as  alien  red  blood 
cells,  for  example. 

The  blood  serum  of  the  guinea-pig  is  not  normally  lytic  for  the  red 
blood  cells  of  the  rabbit;  that  is,  it  does  not  cause  the  separation  of  the 
haemoglobin  from  the  stromata,  with  a  partial  destruction  of  the  latter.* 
Now  Bordet  injected  a  few  cubic  centimetres  of  the  whipped  blood  of 
the  rabbit,  containing  the  serum  and  red  blood  cells,  into  the  subcutane- 
ous tissue  or  peritoneal  cavity  of  normal  guinea-pigs.  This  operation, 
which  does  not  markedly  interfere  with  the  well-being  of  guinea-pigs, 
was  repeated  five  or  six  times  with  intervals  of  a  few  days.  When  now 
blood  was  drawn  from  the  treated  pig,  allowed  to  clot,  and  the  clear 
serum  secured,  it  was  found  to  have  become  markedly  lytic  for  rabbit 
corpuscles.  A  very  small  proportion,  mixed  with  rabbit 's  blood  diluted 
with  physiological  salt  solution,  in  a  short  time  brought  the  haemoglobin 
into  a  clear  ruby  solution  in  which  the  stromata  or  "ghosts'*  of  the 
corpuscles  floated  as  a  pale  and  scarcely  visible  cloud.     This  process  is 

>  While  the  senim  of  the  guinea-pig  is  not  normally  lytic  for  the  corpuscles  of  the  rabbit,  the  serum 
of  the  rabbit  is  lytic  for  the  corpuscles  of  the  guinea-pig.  Similarly,  normal  rabbit  serum  is  not  lytic 
for  the  beef  corpuscles,  but  beerserum  is  lytic  for  the  corpuscles  of  rabbits  and  guinea-pigs. 
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called  hoemolysis;  serum  possessing  this  capacity  is  called  hcBmolytic  or 
hcemotoxic  serum. 

This  adaptation  of  one  animal  to  the  red  blood  cells  of  another  species 
may  be  accomplished  without  difficulty  with  a  great  variety  of  animals. 

But  a  most  remarkable  thing  about  this  newly  acquired  lytic  capacity 
of  the  serum  is  that  it  is  limited  to  the  red  corpuscles  of  the  species  of 
animal  whose  blood  was  used  for  the  injection — in  Bordet's  experiment 
to  the  corpuscles  of  the  rabbit.  Red  blood  cells  of  the  dog,  cat,  sheep, 
bovines,  fowl,  etc.,  are  no  more  afifected  by  this  serum  of  a  guinea-pig 
which  has  been  adapted  to  the  blood  of  the  rabbit  than  they  were  before. 
In  other  words,  the  adaptation  to  foreign  corpuscles  is  specific. 

The  statement  that  this  adaptation  to  alien  blood  is  specific — that  is 
to  say,  that  the  serum  becomes  active  only  for  the  corpuscles  of  the 
species  injected — should  be  so  qualified  as  to  recognize  the  curious  fact 
that  a  slight  degree  of  lysis  may  often  be  induced  in  corpuscles  of  species 
of  animals  very  closely  related  to  those  from  which  the  injected  blood  is 
derived.  For  example,  if  a  rabbit  be  adapted  to  human  blood  by  intra- 
peritoneal injections,  the  serum  of  this  rabbit,  now  strongly  lytic  for  the 
corpuscles  of  man,  may  be  slightly  lytic  for  the  corpuscles  of  monkeys. 
Similarly,  serum  artificially  l)rtic  for  the  red  cells  of  goats  may  be  slightly 
lytic  for  those  of  sheep,  but  not  for  the  corpuscles  of  cats,  dogs,  man, 
etc.     See  for  technique  of  haemolysis  tests  p.  194. 

This  form  of  test,  delicate  beyond  anything  hitherto  known  in  physi- 
ological chemistry,  may  thus  prove  of  value  in  defining  the  relationships 
and  limitations  of  animal  species.^ 

This  preliminary  observation  of  Bordet  was  followed  by  a  series  of 
studies  upon  artificial  haemolysis,  the  results  of  which  we  can  only  briefly 
summarize.  In  the  first  place,  to  what  is  this  remarkable  acquired  lytic 
capacity  of  the  serum  due?  Bordet  heated  for  half  an  hour  to  56°  C. 
some  of  the  lytic  serum  secured  by  adapting  the  guinea-pig  through 
subcutaneous  injections  to  the  red  blood  cells  of  the  rabbit.  He  found 
that  it  had  completely  lost  its  new  lytic  power.  Such  serum  is  said  to  be 
inactivated.  But  when  he  now  added  to  this  inert  serum  a  little  fresh 
blood  serum  from  a  normal  guinea-pig,  which  is  not  in  itself  l>'tic  (see 
p.  171),  the  original  dissolving  power  of  the  heated  serum  for  rabbit 
corpuscles  was  at  once  restored — reactivated.  The  inference  from  this 
experiment  is  obvious.  The  dissolving  capacity  of  this  artificially  lytic 
serum  is  due  to  two  distinct  substances.  One  of  these,  that  one  which 
results  from  the  adaptation  of  the  animal  to  the  alien  blood,  is  stable 
at  56°  C;  the  other,  which  is  present  in  normal  serum,  is  rendered  inert 
at  56°  C;  that  is,  it  is  very  labile.  These  two  substances  were  named 
early  and  have  been  often  renamed.  For  the  present  we  may  speak  of 
the  stable  substance  resulting  from  the  adaptation  to  the  alien  blood 
as  the  immune  substance  or  immune  body,  and  of  the  other,  more  sensi- 
tive to  heat  present  in  normal  serum  and  not  increased  in  the  processes 
of  immunization,  as  alexin,  a  name  which  was  long  ago  applied  by 
Buchner  to  a  substance  or  substances  in  normal  serum,  to  which  its 

>  For  further  data  on  this  subject  see  NvUall,  "  Blood  Immunity  and  Blood  Relationship.**  1904. 
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germicidal  capacity,  first  clearly  demonstrated  by  Nuttall,  was  attributed. 
But  this  alexin  is  now  called  complement  for  reasons  given  on  page  177.^ 

There  now  followed  a  series  of  important  studies  by  Ehrlich  and  his 
associates  which  throw  still  further  light  upon  these  curious  lytic  agents. 

Separation  of  Alexin  and  Immune  Substance. — We  have  seen  that  in 
order  to  secure  the  immune  substance  free  from  the  alexin  one  has  only 
to  heat  the  lytic  serum  to  56®  C.  for  half  an  hour,  when  the  alexin  is 
destroyed.  If  one  wishes  to  secure  the  alexin  apart  from  the  immune 
substance  he  makes  use  of  a  very  curious  property  of  the  latter;  namely, 
its  capacity  of  uniting  with  the  cellular  element  under  whose  influence  it 
was  elaborated.  For  example,  if  one  places  a  small  portion  of  the  serum 
of  a  rabbit  which  has  been  adapted  to  beef  blood  in  contact  with  beef 
corpuscles  at  a  low  temperature'  for  a  few  hours,  he  will  find  that  the 
immune  substance  has  formed  so  stable  a  combination  with  the  cor- 
puscles that  on  their  separation  from  the  fluid  by  centrifugation  in  the 
cold,  none  of  the  immune  substance,  but  all  of  the  alexin,  will  be  left  in 
the  fluid. 

That  the  corpuscles  under  these  conditions  actually  contain  the 
immune  substance  is  readily  shown  by  carefully  washing  them  in  salt 
solution  and  centrif  uging  them  again  in  the  cold  and  finally  adding  to  them 
a  little  normal  serum — containing  alexin,  but  no  immune  substance — 
whereupon  the  lysis  will  at  once  take  place,  as  shown  by  the  red  color  of 
the  fluid.  This  union  of  the  immune  substance  with  corpuscles,  called 
"fixation"  of  the  immune  substance,  is  specific,  occurring  only  with  the 
corpuscles  of  the  animal  species  used  in  the  adaptation. 

Many  other  points  of  extreme  interest  and  significance  have  been 
revealed  in  these  studies  on  artificial  haemolysis  which  the  scope  of  this 
book  does  not  permit  us  to  touch  upon. 

Multiplicity  of  Immune  Substances  and  Alexins. — The  question  of  a 
multiplicity  of  immune  substances  and  of  alexins  has  been  brought  for- 
ward, and  it  seems  probable,  especially  from  the  researches  of  Ehrlich, 
that  in  adaptation  of  each  animal  species  to  a  single  form  of  cell  several 
immune  bodies  may  be  developed.  It  is  possible,  though  not  yet  proven, 
that  more  than  one  alexin  may  be  normally  present  in  the  blood  serum 
of  each  animal  species,  and  that  a  single  immune  body  may  be  capable 
of  uniting  with  several  forms  of  alexin.' 

Bacteriolysis. — It  is  evident  that  this  artificial  haemolysis,  secured  by 
the  adaptation  of  one  species  of  animal  to  the  red  blood  cells  of  another,  is 
quite  analogous  to  the  process  by  which  immunity  is  secured  against 
pathogenic  bacteria — those  of  cholera,  for  example,  whose  most  obvious 
poisonous  elements  are  endotoxins — and  which  is  called  bacteriolysis. 
Both  are  specific  examples  of  the  general  process  called  c)rtolysis,  meaning 
cell  destruction.     But  this  reaction  of  haemolysis  is  not  only  one  of 

1  It  has  been  found  that  the  hemolytic  capacity  of  the  normal  blood  serum,  which  in  many  animals, 
as  we  have  seen,  is  veiy  marked  for  the  corpuscles  of  alien  blood,  is  also  due  to  two  substances  which 
in  eharmcter  and  action  are  similar  to  those  which  have  been  so  carefully  studied  in  the  lytic  sera  of 
arti6eiaUy  adapted  animals. 

'  It  is  neeessary  to  reduce  the  temperature  in  this  exp>eriment  in  order  to  inhibit  the  action  of  the 
lytic  acencies. 

It  has  he&a  shown  that  lecithin  may  act  as  alexin  —  complement—  in  this  form  of  cell  destruction. 
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extraordinary  delicacy,  but  is  easily  observed  under  conditions  quite 
within  our  control,  and  permitting  such  elaborations  and  variations  as 
involve  great  technical  difficulties  when  we  are  directly  engaged  with 
the  phenomena  of  bacteriolysis. 

Thus  these  studies  of  haemolysis  have  a  practical  significance  in  their 
bearing  upon  our  conceptions  of  bacteriolytic  immunity  quite  apart  from 
the  interesting  general  biological  field  into  which  they  have  led  the  way.* 

Special  Cjrtolysins — Cytotoxins. — The  development  of  cytolytic  capac- 
ities in  the  blood  serum  of  the  living  animal  as  the  result  of  adaptation 
to  bacteria  and  to  alien  red  blood  cells  being  known,  it  was  natural  to 
extend  the  method  to  other  cells.  Thus  it  has  been  claimed  that  in  the 
adaptation  of  one  animal  to  the  spermatozoa  of  another  species  by 
intraperitoneal  injections,  a  serum  is  obtained  which  quickly  brings  to 
an  end  the  movements  of  fresh  spermatozoa  of  the  species  used — spertno- 
lytic  serum. 

Similarly,  specific  leiicolyHc  sera  have  been  described  as  procured  by 
intraperitoneal  injections  of  emulsions  of  lymph-nodes,  spleen,  and  bone 
marrow.  Such  leucol)rtic  sera  may  not  only  destroy  the  leucocytes 
outside  of  the  body,  but  they  are  extremely  toxic  when  introduced  into 
the  living  species  from  which  the  tissues  originated.  The  effects  of  these 
leucolytic — leucotoxic — ^sera  in  the  body  are  most  pronounced  in  the 
blood-forming  organs.  Here,  as  the  studies  of  Flexner'  show,  a  very 
significant  impulse  to  new  cell  formation  may  be  associated  with  the 
action  of  the  leucotoxic  sera. 

Emulsions  of  kidney  cells  of  one  species  injected  into  the  peritoneum 
of  another  have  led  to  the  development  of  nephrolytic  serum;  that  is, 
serum  which  on  injection  into  the  body  of  an  animal  of  the  same  species 
as  that  furnishing  the  kidney  cells  induces  noteworthy  degenerative 
changes  in  the  kidney.  Thus,  also,  hepatolytiCy  pancreolytic,  thyreolyttCj 
neurolytic,  and  other  analogous  cytolytic  substances  have  been  described. 
But  the  earlier  view  of  the  specificity  of  toxic  (lytic)  substances  devel- 
oped by  the  injection  of  various  body-cells — somatogenic  cytotoxins 
— has  been  materially  modified  by  later  studies.  Thus  it  has  been  found 
that  in  many  of  the  earlier  experiments  red  blood  cells  were  injected 
with  the  special  cells  of  liver,  kidney,  etc.,  and  the  hsemagglutinative 
sera  induced  thrombi  which  led  to  local  necroses,  confusing  the  results. 
Furthermore,  it  has  been  found  by  Pearce  and  others  that  even  blood- 
free  organ  cells  are  capable  of  inducing  haemotoxins  as  well  as  the  specific 
toxins.  It  appears,  therefore,  that  specificity  is  not  so  much  a  matter 
of  cell  morphology  as  of  molecular  structure;  that  is,  of  receptors. 

Thus  Pearce  found  that  the  sera  secured  by  the  injection  of  washed 
liver,  kidney,  pancreas,  and  adrenal  cells,  all  agglutinate  and  hspmolyze 
red  blood  cells;  that  some  of  them  have  no  effect  upon  organs  for  which 
they  were  formerly  believed  to  have  a  specific  affinity;  and,  finally,  that 
only  the  so-called  nephrotoxin  has  a  distinctly  injurious  effect  upon  the 

*  For  technic  of  hsmolysis  experiments  and  the  adaptation  of  animals  to  alien  substanoes  see 
pp.  194  and  195. 

*  Flexner,  Univ.  of  Penn.  Med.  Bull.,  voL  xv.,  1902,  p.  287;  also  Bunting^  %bi<Lt  vol.  xvi.,  1903, 
p.  200. 
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organ  by  the  injection  of  which  the  alleged  specific  serum  was  derived. 
Pancreas  and  adrenal  serum  Pearce  found  to  be  devoid  of  special  action 
in  these  organs,  while  the  lesions  of  hepatotoxin  are  doubtful  and  may 
be  produced  by  other  sera.^ 

So  far  as  they  have  been  studied,  the  nature  of  the  active  agents  in 
these  various  cytolytic  sera  and  their  mode  of  action  are  analogous  with 
those  in  haemolytic  sera.  Here,  as  there,  the  action  is  due  to  two  groups 
of  substances:  one,  the  "immune  body,"  stable  and  increased  by  the 
adaptive  process;  the  other,  the  alexin,  occurring  normally  in  the  body, 
not  increased  in  adaptation,  and  readily  destroyed  or  rendered  inactive 
by  heat. 

All  of  these  last-mentioned  forms  of  cytolytic  sera  require  more 
extended  study  before  far-reaching  conclusions  should  be  drawn  from 
them.  But  it  is  now  evident  that  the  different  functional  types  of  cells 
in  one  animal  are  capable  in  the  adaptation  to  the  economy  of  another 
of  inciting  more  or  less  definitely  specific  responses,  as  shown  by  the 
various  types  of  cytolytic  sera  which  are  formed. 

When  one  musters  all  the  possible  combinations  in  this  form  of  adap- 
tation and  considers  the  probability  that  multiple  immune  bodies  may 
develop  in  each  instance,  and  that  these,  furthermore,  may  correspond  to 
multiple  alexins,  the  complexity  of  artificial  cytolysis  becomes  evident. 

Antigens. — We  have  seen  that  the  introduction  into  the  living  organ- 
ism of  alien  proteid  substances  of  many  kinds,  derived  from  animals  or 
plants,  some  of  them  poisonous,  many  of  them  not,  incites  the  formation 
of  so-called  antibodies  of  divers  sorts.  It  has  been  found  convenient  to 
call  these  "antibody  producers,"  or  "antibody  incitors,"  antigens.^ 

Anticytolysins. — But  now  still  another  phase  of  this  subject  demands 
a  word.  These  cytolytic  or,  as  some  prefer  to  call  them,  cytotoxic  sera, 
when  introduced  into  the  living  bodies  of  the  species  from  which  the  cells 
inciting  their  formation  are  derived,  act  as  toxins  to  which  the  organism 
responds,  each  after  its  kind,  by  the  development  of  antitoxic  substances. 
These  are  called  anticytolysins  or  anticytotoxins. 

Let  us  look  at  an  illustration  of  this  interesting  point.  The  blood 
serum  of  the  normal  guinea-pig  has,  as  we  have  seen,  no  lytic  action  on 
the  red  blood  cells  of  the  rabbit,  but  after  the  adaptation  of  the  guinea- 
pig  to  the  blood  of  the  rabbit  by  repeated  intraperitoneal  injections,  the 
guinea-pig  serum  is  strongly  Ijrtic  for  the  rabbit  corpuscles  in  test-tubes 
outside  the  body.  But  this  lytic  serum  is  not  less  toxic  when  introduced 
into  the  body  of  the  rabbit.  Under  these  conditions  the  rabbit  produces 
an  antitoxin,  an  antihaemolytic  substance,  which  is  in  solution  in  his 
serum.  If  a  little  of  this  antihaemolytic  serum  be  mixed  with  some  of 
the  lytic  serum  from  the  adapted  guinea-pig,  it  will  be  found,  on  the 
addition  of  rabbit  corpuscles,  that  the  lytic  serum  has  lost  its  power,  just 
as  diphtheria  toxin  loses  its  harmful  properties  on  mixture  wuth  diph- 
theria antitoxin.     Thus  may  be  formed  a  great  variety  of  specific  "  anti- 

1  For  further  detaOs  on  this  subject  see  Pearce,  Univ.  of  Penn.  Med.  Bull.,  xvi.,  p.  217,  1903;  Jour. 
Ifed.  Ree..  xti..  p.  1.  1904:  Jour.  Exp.  Med.,  viii.,  1906. 

'  For  a  study  of  the  locus  of  antibody  formation  see  Gay  and  Rusk,  Trans.  15th  Intemat.  Cong. 
Hygime  and  Demography,  1913,  ii.,  328. 


176  THE    RELATIONS    OF    MICRO-ORGANISMS   TO    DISEASE 

bodies'' — ^anticytolysins — from  sera  which  are  normally  lytic  or  have 
become  so  through  experimental  adaptations. 

Isolysins  and  Autolysins. — ^In  view  of  the  remarkable  results  of  the 
adaptation  of  the  body  to  alien  cells  from  different  animal  species  which 
we  have  reviewed,  it  was  natural  to  ask  how  an  animal  would  respond  to 
the  introduction  into  the  recesses  of  his  body  of  cells — red  blood  corpus- 
cles, for  example — ^from  another  individual  of  the  same  species.  It  was 
found,  in  fact,  that  under  these  circumstances  lytic  substances  are 
sometimes,  though  not  uniformly,  developed.  The  possibility  of  the 
formation  of  isolytic  substances  was  thus  established.  But  if  this  be 
possible,  why,  it  was  asked,  may  not  autolytic  substances  be  formed  by 
the  adaptation  of  an  animal  to  his  own  cells  experimentally  displaced? 
Such  substances  have,  however,  not  been  found  under  the  experimental 
conditions  thus  far  observed.^ 

Still  it  is  well  known  (see  p.  98)  that  cells  and  tissues  worn  out 
from  use,  or  dead  as  the  result  of  injury,  inflammatory  exudates,  etc., 
are  constantly  removed  from  the  living  body  by  processes  apparently 
analogous  to,  if  not  identical  with,  those  which  can  be  experimentally 
evoked.  So  that  autolysis  in  some  form  seems  to  be  an  important 
factor  in  the  maintenance  of  the  integrity  of  the  body  (see  p.  106).  Just 
what  the  agencies  are  under  which  normal  living  tissue  cells  are  pro- 
tected from  the  action  of  autocytolytic  substances  is  not  yet  clear. 
But  the  multiplicity  of  known  ''antibodies''  justifies  the  conjecture 
that  such  substances — anticytolytic — may  be  constantly  formed  and 
act  as  safeguards  to  living  and  useful  cells  (see  p.  191). 

The  Application  of  Ehrlich's  H3rpothesis  to  Cytolysis. — If  we  now  turn  to  the 
various  hypotheses  which  have  been  advanced  to  account  for  the  formation  and 
action  of  these  cytolytic  substances,  we  find  that  an  elaboration  of  Ehrlich's  views  as 
applied  to  antitoxin  is  here  a  source  of  great  illumination.  It  is  evident  at  once,  how- 
ever, that  the  matter  is  not  so  simple  as  in  the  case  of  antitoxin,  because  we  have  here 
two  substances  at  work,  the  immune  body  and  the  alexin.  Neither  the  immune  body 
nor  the  alexin  alone  induces  cytolysis.     They  must  act  together. 

The  phenomena  are,  in  the  main,  accounted  for  if  we  assume  that  it  is  the  alexin 
which,  when  the  necessary  conditions  are  fulfilled,  exert-  the  destructive  action  upon 
the  bacterial  or  animal  cell.  But  the  alexin  cannot  enter  under  ordinary  conditions 
into  direct  chemical  combination  with  the  cell  receptors.  The  union  is  effected  only 
by  the  intervention  of  the  substance  which  is  increased  in  amount  in  the  process 
of  adaptation;  namely,  the  immune  body. 

A  long  series  of  experiments  has  led  to  the  belief  that  the  immune  body  has  two 
free  atom  complexes  which  enable  it  to  form  chemical  unions.  Through  one  of  these 
atom  complexes  it  unites  with  the  cell  or  bacterium  to  be  destroyed ;  through  the  other 
it  is  joined  to  the  alexin.  Then,  and  not  until  then,  is  the  alexin  so  linked  to  the  cell 
that  its  toxic  or  destructive  action  upon  the  cell  occurs. 

This  conception  may  be  illustrated,  as  in  the  case  of  antitoxin,  by  crude  figures. 

Here  it  should  be  remembered  we  are  illustrating,  not  the  production  of  the  cyto- 
lytic substances,  which  we  shall  speak  of  later,  but  the  action  of  them  upon  the  cells 
to  be  destroyed. 

Let  a — Fig.  109,  A — be  the  cell  which  is  to  be  destroyed,  with  one  of  its  receptors 
indicated  at  d.  Let  b  represent  the  immune  body  with  one  atom  complex  e  capable  of 
uniting  with  the  cell  receptor  d,  and  with  another/  capable  of  uniting  with  the  alexin 

1  Some  observations  are  recorded  in  which,  after  profuse   internal   hsBmorrhage,  hjematuria  has 
developed,  indicating  the  possibility  of  autohsemolysis  under  special  conditions. 
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c  through  g.  Now  the  Alexin  which  appears  to  be  the  effective  agent  in  the  destruction 
eaJDDOt  unite  directly  with  the  cell  receptor.  When,  however,  it  becomes  linked  to  the 
cell  by  means  of  the  immune  body,  6,  its  destructive  capacity  can  come  into  play. 

In  a  similar  way  one  may  indicate  the  action  of  anticytolytic  substances  which  may 
b«  effective  through  union  either  with  the  alexin  or  with  the  immune  body,  as  shown 
in  Figure  109,  BandC.  InB  the  "antibody  "A  prevents  the  linking  of  thealexinc  to  the 
immune  body  6  by  itself  uniting  with  the  former.  It  then  acta  as  an  anti-alexin.  In 
C  the  antibody  "i"  prevents  the  linking  of  the  immune  body  6  to  the  eel!  receptor  d, 
ajid  hence  acts  as  an  anti-immune  body.  We  shall  see  in  a  moment  why  at  present  the 
substance  here  spoken  of  as  anti-alexin  is  usually  called  the  anticom piemen t. 

The  experimental  evidence  that  the  anticytolytic  substances  may  be  thus  due  to 
the  formation  of  adaptive  substances  of  two  classes,  anti-immune  sui^tances  and  anti- 
complements,  cannot  be  entered  upon  here. 


A- 
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K—a.  Cell:  b.  immune  substanee  {aaiboeBplor): 

c.  alexin  (complement);  d.  cell  rece[ 

capable  o(  unilina  with  the  huptophomua  group.  9.  a. 

r  the  complement,  c. 

In  view  of  the  rationale  of  cy  tolysis,  as  just  set  forth,  we  may  consider  the  immune 
substance  to  be  an  intermediary  between  the  alexin  and  the  cell  to  be  destroyed ;  or,  on 
the  other  band,  we  may  consider  the  alexin  as  the  complement  to  the  immune  sub- 
stance, since  only  through  their  union  is  the  toxic  action  possible. 

In  fact,  following  Ehrlich,  one  sometimes  speaks  of  the  immune  body  as  the  inter- 
mediary body,  or  intermediary  sjihalance;  but  since  it  is  furnished  with  two  combining 
affinities,  it  is  now  usually  called  the  ambocfplor.  Furthermore,  since  the  experimental 
analysis  of  the  lytic  process  by  the  new  technique  has  shown  that  the  germicidal  and 
destructive  action  of  blood  serum,  formerly  supposed  to  be  due  to  a  single  substance 
called  alexin,  is  really  due  to  the  combined  action  of  two  substances,  the  use  of  the 
word  alexin  for  one  of  them  is  misleading  and  has  now  been  largely  given  up.  The 
12 
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substance  present  in  the  serum  of  both  normal  and  adapted  animals  through  which 
lysis  is  effected  when  it  is  linked  to  the  cell  by  the  amboceptor  is  called  the  complement. 
Other  names  have  been  applied  to  these  hypothetical  complexes  or  substances  which 
we  cannot  consider  here.' 

This,  then,  is  the  rationale  in  accordance  with  EhrKch's  hypothesis  of  the  action  of 
these  cytolytic  or  cytotoxic  substances,  either  existing  naturally,  as  they  do  in  some 
animals,  or  being  called  forth  in  larger  quantities  in  the  process  of  adaptation  to  the 
cells  which  they  destroy.  This  view  has  been  most  fully  tested  upon  hsemolytic  sera, 
since  here  the  reaction  is  most  easily  studied.  But  so  far  as  one  can  see,  it  applies  as 
well  to  the  phenomena  of  bacteriolysis,  whose  direct  study  is  much  more  difficult.  It 
should,  however,  be  borne  in  mind  that  the  erythrocytes  are  very  delicate  and  very 
peculiarly  constituted  cells,  and  it  is  possible  that  inferences  drawn  from  hemolysis 
are  not  applicable  without  qualification  to  other  and  less  vulnerable  cell  types. 

The  origin  of  the  amboceptors  of  these  cytotoxic  substances  is  accounted  for  in  the 
same  way  as  in  the  case  of  antitoxin.  The  alien  cells  or  substances  which  are  intro- 
duced into  the  animal,  and  to  which  it  proceeds  to  adapt  itself,  lead,  through  imion 
with  such  body-cell  receptors  as  may  be  fitted  to  them,  to  the  overproduction  of  these 
special  complex  receptors.  These  are  presently  cast  off  as  superfluous  to  the  body-cell 
producing  them,  and  are  then  free  as  amboceptors  in  the  body  fluids. 

As  in  the  case  of  antitoxin  formation,  it  is  probable  that  the  cell  receptors  which 
are  thus  increased  are  normally  concerned  in  cell  assimilation,  and  it  is  not  unlikely 
that  their  complex  character  may  have  some  relationship  with  the  complexities  of  the 
"giant"  protein  molecules,  which  must  suffer  initial  changes  before  becoming  fit 
for  assimilation.  At  any  rate  this  hypothesis  assumes  that  in  the  process  of  adapta- 
tion either  to  toxic  substances  or  to  foreign  cells  or  other  protein  material,  the  body- 
develops  no  new  capacities,  but  only  an  exaggeration  of  those  already  existing. 

As  to  the  exact  source  of  the  amboceptors  in  artificially  immimized  animals  we 
cannot  yet  speak  with  certainty. 

The  Action  of  Phagocytes  in  Cytolysis. — It  was  inevitable  that  the 
remarkable  studies  just  summarized  on  cytolytic  sera  should  have  led 
to  a  clearer  conception  of  the  manner  in  which  phagocytes  destroy  bac- 
teria and  other  organic  substances.  It  is  no  longer  permissible  to  hold 
as  distinct  and  unrelated  processes  the  action  of  phagocytes  and  the 
action  of  the  body  fluids  in  the  destruction  of  foreign  substances  in  the 
body. 

Metchnikoff,  the  learned  and  able  advocate  of  the  importance  of 
phagocytosis  in  the  protection  of  the  body  against  micro-organisms,  now 
recognizes  the  importance  of  the  adaptive  substances,  some  of  which  may 
be  largely  increased  in  amount  in  the  processes  of  immunization.  More 
strenuously  than  other  observers,  how^ever,  he  insists  upon  the  phago- 
cytic cells,  especially  the  leucocytes,  as  the  originators  of  the  substances 
concerned  in  cytolysis,  and  holds  that  under  ordinary  conditions  it  is 
only  within  these  cells  that  these  substances  are  effective.     In  artificially 

^  It  was  natural  in  the  early  studies  on  bacteriolysis,  which  were  incidental  to  researches  on  im- 
munity, that  the  new  substance  which  was  found  in  the  serum  as  the  result  of  the  inununizing  process 
should  be  called  the  immune  substance  or  immune  body.  It  was  natural  also,  although  less  appropriate, 
to  apply  the  same  term,  "immune  substances."  to  the  analogous  substances  which  appeared  in  the 
serum  as  the  result  of  the  injection  in  the  same  fashion  of  cells  and  other  materials  which  were  not  infec- 
tious, not  disease-producing,  and  against  which,  therefore,  the  body  is  not,  in  the  old  sense,  immunised. 

But  these  new  uses  of  the  word  are,  I  think,  unfortunate  because  the  word  "immunity"  has  come 
to  have  a  special  and  useful  significance  in  relation  to  infection,  intoxication,  and  other  conditions  of 
natural  or  acquired  tolerance  to  obviously  and  seriously  harmful  agents.  The  process  in  both  instances 
is,  indeed,  one  of  adaptation,  and  the  newly  acquired  capacities  of  the  serum  are  due  to  substances 
resulting  from  this  adaptation.  They  arise  from  a  functional  modification  of  parts  of  the  body,  and 
hence  may  be  appropriately  called  adaptive  substances.  It  seems  to  the  writer  that  it  would  be  better 
to  consider  immunization  as  a  special  phase  of  adaptation,  and  so  limit  the  application  of  the  word  that 
it  shall  still  connote  infection  and  intoxication  in  the  traditional  sense. 
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immunized  animals,  however,  the  intermediary  substances,  it  is  conceded 
by  Metchnikoflf,  may  be  set  free  from  the  cells  which  produce  them  and 
mingle  with  the  body  fluids.  The  complement,  on  the  other  hand, 
which  he,  in  common  with  others  of  the  French  school,  calls  cytasCj  in 
recognition  of  its  ferment-like  characters,  Metchnikoflf  does  not  believe 
to  be  set  free  in  the  body  fluids  except  through  some  damage  to  the 
leucocytes  in  which  it  is  formed.  Such  a  damage,  for  example,  as 
befalls  the  leucocytes  in  the  clotting  of  the  blood;  for  in  this  process  it 
is  assumed  that  the  setting  free  of  the  fibrin  ferment  involves  the  destruc- 
tion— phagolysis — leucolysis — of  the  leucocytes. 

The  views  advanced  by  Bordet  and  others  of  the  French  school 
regarding  the  union  of  the  amboceptors  wdth  the  cells  tp  be  destroyed 
are  less  precise  than  those  of  Ehrlich.  Both,  however,  recognize  the 
importance  of  an  association  of  the  amboceptor  as  a  condition  for  the 
effective  action  of  the  complement  (cytase).  It  is  for  this  reason  that 
the  amboceptor  is  called  by  Bordet,  Metchnikoflf,  and  others,  the  sensi- 
bilizing substance  (substance  sensibilisatrice)  or  the  fixative  (fixateur). 

Finally,  a  long  and  ingenious  series  of  experiments  has  led  Metchni- 
kofif  and  his  associates  to  believe  that  there  are  two  forms  of  cytase,  one 
called  macrocytase,  formed  by  the  macrocytes  (large  lymphocytes 
derived  from  the  spleen,  lymph-nodes,  and  certain  endothelial  and 
connective-tissue  cells)  and  concerned  in  the  destruction  of  animal  cells, 
such  as  red  blood  cells,  leucocytes,  spermatozoa,  various  parenchyma 
cells,  etc.;  and  microcytase,  derived  from  the  microcytes  (polymorpho- 
nuclear leucocytes),  which  is  active  in  the  destruction  of  bacteria  (see 
p.  104). 

The  greatest  diversity  of  view  concerning  the  cytolytic  process 
between  Metchnikoflf  and  his  followers  and  the  observers  of  the  Ehriich 
school  relates  to  the  question  whether  the  complement  {cytase)  does  or 
does  not  exist  free  in  the  blood  plasma,  for  upon  the  answer  to  this 
question  depends  largely  our  belief  as  to  the  relative  significance  of 
intra-  and  extracellular  cytolysis.  This  is  one  of  the  points  concerning 
which  more  data  are  urgently  needed.  But  even  now  the  views  of 
Metchnikoflf  are  not  inconsistent  with  the  hypothesis  of  Ehrlich. 

There  is  reason  to  believe  that  bacteria  are  destroyed  within  phago- 
cytes by  the  action  of  enzymes^  in  a  manner  analogous,  at  least,  with 
that  of  their  destruction  in  the  bacteriolytic  fluids  which  we  have  just 
considered.  But  just  how  these  intracellular  processes  are  fostered  by 
protective  sera  is  not  clear. 

AGGLUTINATIVE  SUBSTANCES. 

Agglutinins. — But  there  are  important  adaptive  resources  of  the 
living  body  when  called  upon  to  deal  with  foreign  material  of  special 
character  introduced  in  unusual  ways  into  its  recesses  in  addition  to 
those  just  considered. 

The  phenomenon  of  agglutination  has  been  widely  known  for  several 

'  See  Opie,  ref.  p.  105. 
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years,  especially  on  account  of  its  practical  application  in  diagnosis. 
The  general  fact  is  that  as  an  individual  adapts  himself — that  is,  becomes 
mmunized — to  a  special  bacterium  or  its  toxic  products,  either  in  .the 
course  of  an  infectious  disease  or  as  the  result  of  artificial  processes, 
his  serum,  if  placed  under  suitable  conditions  in  contact  with  cultures  of 
this  special  micro-organism,  may  speedily  immobilize  the  organism  if  it 
be  motile,  and,  whether  motile  or  not,  lead  to  its  clumping  into  irregular 
masses.  This  reaction  has  been  used,  not  only  as  a  clinical  test  of 
special  infections,^  but  also  as  a  means  of  differentiating  species  or 
varieties  of  bacteria. 

Group  Agglutination. — But  the  serum  of  an  animal  adapted  to  a  particular 
bacterial  species  sometimes  has  the  power  of  agglutinating  closely  related  organisms, 
such,  for  example,  as  members  of  the  colon-typhoid  group. 

However,  the  organism  used  for  adaptation — the  so-called  "homologous"  organ- 
ism— ^usually  agglutinates  in  so  much  greater  dilutions  than  do  the  other  lOrganisms  of 
this  group — the  heterologous  organisms — that  with  due  care,  in  spite  of  the  group 
agglutination,  the  test  is  useful. 

Recent  studies  have  emphasized  the  fact  that  agglutination  is  a 
much  more  general  phenomenon  than  has  been  commonly  supposed,  and 
is  by  no  means  limited  to  the  sera  of  animals  immunized  against  bacteria 
and  bacterial  products. 

For  example,  in  the  adaptation  of  one  animal  to  the  red  blood  cells 
of  another  species,  the  serum  of  the  adapted  animal  may  become  not  only 
lytic  but  agglutinative  also  for  the  corpuscles  used  for  the  injections. 
This  is  true  not  only  in  adaptation  to  red  blood  corpuscles  but  to  other 
cells  as  well.  We  have,  then,  to  add  agglutinative  substances  or  agglu- 
tinins to  the  list  of  those  which  are  developed  in  the  body  in  this  form  of 
adaptation.  (See  Table,  p.  188.)  These  also,  within  the  limits  already 
set  forth,  are  specific. 

Just  as  the  specific  red  blood  cells  are  capable  of  "fixing''  the  immune 
substance  in  lytic  serum,  so  also  the  agglutinating  substance  may  be 
"fixed"  and  removed  from  serum  by  placing  in  contact  with  the  serum 
some  of  the  corpuscles  of  the  particular  animal  species  or  some  of  the 
bacteria  under  whose  influence  the  agglutinative  substances  were  formed. 

While  agglutinative  substances  are  developed  in  the  process  of 
immunization,  they  are  not,  so  far  as  we  know,  directly  protective,  though 
by  the  grouping  of  micro-organisms  the  action  of  phagocytes  may  be 
favored.  The  virulence  of  pathogenic  bacteria  is  not  reduced  by  agglutin- 
ation. 

The  agglutinative  seem  to  differ  in  many  ways  from  the  lytic  sub- 
stances. Thus  their  activities  are  not  suspended  by  a  temperature  of 
56°  C.  They  become  inert,  however,  at  a  higher  temperature — 70°  to 
78°  C. — and  their  agglutinating  capacity  is  not  restored  by  the  addition 
of  normal  serum.  It  is  inferred  from  this  fact  that  the  receptors  con- 
cerned in  agglutination  are  of  simpler  character  than  those  through 
which  lysis  is  secured. 

*  For  the  general  demonstrative  test  for  agglutinin  see  p.  193.  For  details  of  special  applications  of 
the  agglutination  test  see  Wood's  "Chemical  and  Microscopical  Diagnosis,"  or  other  works  on  clinical 
pathology. 
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The  normal  blood  serum  of  some  animals  contains  substances  which 
are  agglutinative  for  the  red  cells  of  other  species.  Thus,  normal  beef 
serum  is  agglutinative  for  the  corpuscles  of  the  cat  and  rabbit.  This 
capacity  of  the  normal  serum  sometimes  is,  sometimes  is  not,  associated 
with  marked  lytic  capacity. 

The  mode  of  action  of  these  so-called  agglutinins  is  not  yet  very 
clearly  understood,  but  a  great  many  interesting  facts  have  been  devel- 
oi>ed  in  the  studies  on  the  general  phenomena  of  agglutination  which  we 
cannot  mention  here. 

The  specific  character  of  the  agglutination  reaction  has  led  to  its 
use  in  determining  the  nature  of  many  infections,  the  serum  of  the 
infected  individual  being  used  with  cultures  of  known  micro-organisms. 
On  the  other  hand,  the  test  is  often  useful  in  determining  the  specific 
character  of  closely  related  micro-organisms  and  their  variations.^ 

PRECIPITATmG  SUBSTANCES. 

Precipitins. — There  is  still  another  way  in  which  the  body  reveals 
adaptive  alterations  in  the  presence  of  foreign  proteid  substances.  If 
a  few  cubic  centimetres  of  the  blood-serum  or  exudate  containing  globvlin 
from  one  animal  be  injected  into  the  subcutaneous  tissue  or  peritoneal 
cavity  of  another  species  in  repeated  doses,  it  is  found  that,  on  adding  a 
little  of  the  blood  serum  of  the  adapted  animal  to  a  dilution  of  the  fluid 
injected,  a  precipitate  is  formed.  This  reaction  is  also  specific,  save 
that  in  some  instances  body  fluids  from  closely  related  species,  such  as 
man  and  monkey,  fowl  and  pigeon,  sheep  and  goat,  horse  and  ass,  dog 
and  fox,  may  both  afford  a  precipitate.  But  this  precipitate  is  invari- 
ably much  more  marked  in  the  fluid  used  for  adaptation  than  in  the 
similar  fluid  from  the  related  species. 

This  reaction  is  extremely  delicate,  it  having  been  possible  to  recog- 
nize human  blood  in  a  dilution  of  1:50,000. 

By  the  use  of  this  test  Nuttall,  who  has  made  very  extensive  observa- 
tions, has  been  able  to  demonstrate  in  a  most  striking  fashion  phylo- 
genetic  relationships  between  animal  species  and  groups  of  species,  both 
warm  and  cold-blooded,  which  have  an  important  bearing  upon  classi- 
fication.' 

The  Precipitin  Test  in  Forensic  Medicine. — The  use  of  this  precipitation  test 
has  been  urged  in  forsenic  medicine  to  reinforce  the  present  unsatisfactory  methods  of 
distinguishing  between  human  and  other  blood.  For  if  one  have  a  rabbit  or  other 
animal  artificially  adapted  to  human  blood  from  which  fresh  serum  can  be  secured 
(even  the  dissolved  dried  serum  will  answer),  he  has  only  to  dissolve  in  a  little  salt  solu- 
tion a  suspected  blood  clot,  and,  mixing  the  two,  observe  the  result.  If,  under  suitable 
conditions  of  dilution,  cloudiness  develops  within  a  short  time  or  if  a  precipitate  be 
formed,  it  is  claimed  that  the  suspected  material  could  have  been  derived  from  no 
other  animal  than  man.  Since,  however,  it  has  been  found  that  the  blood  not  only  of 
monkeys  but  of  some  other  of  the  lower  animals  may  give  slight  precipitates  under 
these  conditions,  and  since  other  human  fluids  containing  albuminous  substances,  such 

i  See  for  agglutination  tests  in  cla;raification  Park,  Jour.  Inf.  Dis.,  Suppl.  No.  2,  Feb.,  1906,  p.  1. 
s  See  NuiiaU,  "  Blood  Immunity  and  Blood  Relationship,"  1904. 
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as  saliva,  pus,  inflammatory  exudates,  etc.,  may  also  give  precipitates,  it  is  evident 
that  the  result  of  this  test  should  be  interpreted  with  great  caution.*  See  technique 
of  precipitin  test,  p.  194. 

The  white  of  a  hen^s  egg,  injected  into  the  peritoneum  of  a  rabbit,  after 
a  time  gives  rise  to  substances  in  the  rabbit's  serum  which  induce  a 
precipitate  in  fresh  solution  of  hen's  egg  albumen.  No  precipitate  is 
produced  by  this  serum  in  albumen  solutions  from  the  blood  of  the 
mammalia,  and  only  a  slight  precipitate  is  formed  in  the  egg  albumen  of 
related  fowls,  such  as  the  duck,  for  example. 

It  has  been  stated  that  by  the  adaptation  of  the  living  animal  to 
extracts  of  muscle  tissue  from  another  species,  precipitating  substances 
may  be  formed  in  the  serum  which  are  specific  for  the  muscle  used  in  the 
injection. 

Milk  of  one  animal  thus  introduced  into  the  body  of  another  gives 
rise  to  a  substance  in  the  adapted  animal  which  causes  a  precipitate  in 
the  diluted  milk  used  for  injection,  but  not  in  the  milk  of  another  species, 
save  sometimes  in  slight  degree  in  milk  from  closely  allied  animals. 

This  reaction  is  also  applicable  to  plant  albumens.  Thus,  if  an  ani- 
mal be  adapted  to  a  given  species  of  bacteria,  its  blood-serum,  on  being 
added  to  the  clear  filtrate  of  the  pure  culture,  throws  down  a  precipitate 
which  is  in  some  instances  light,  in  others  voluminous.  This  reaction  is 
again  specific,  except  within  the  group  limits  of  related  species.  Thus, 
as  Norris  has  shown, ^  precipitating  substances  which  are  developed  by 
the  adaptation  of  the  rabbit  to  the  typhoid  bacillus  induce  a  slight  pre- 
cipitate in  the  culture  filtrate  of  the  colon  bacillus,  but  not  in  the  filtrate 
of  B,  prodigiosuSj  for  example. 

Numerous  experiments  have  shown  that  other  vegetable  albumens  call 
forth  specific  adaptive  precipitins. 

This  precipitation  test  is  so  delicate  that  it  appears  possible  not  only 
to  distinguish  the  albumens  from  different  animal  and  vegetable  species, 
but  to  differentiate  also  some  at  least  of  the  various  albuminous  sub- 
stances in  the  individual. 

Anti'precipitin, — ^Finally,  it  is  worthy  of  note  that  it  has  been  possi- 
ble, by  the  adaptation  of  a  fresh  animal  of  the  appropriate  species  to 
these  precipitating  sera,  to  obtain  "antibodies";  in  the  case  of  milk 
adaptation,  for  example,  by  the  use  of  the  so-called  lacto-serum,  to 
secure  an  antilacto-serum  capable,  when  added  to  the  test  fluids,  of 
preventing  the  formation  of  the  specific  precipitate. 

Nature  of  Precipitin. — A  great  deal  of  most  careful  research  has  been 
devoted  to  the  nature  of  the  precipitating  substances  which  the  scope 
of  this  book  does  not  permit  us  to  touch  upon.  But  it  should  be  said 
that  in  their  resistance  to  heat  and  in  other  ways  the  precipitating  sub- 

^  For  a  study  of  the  precipitation  test  for  blood,  bibliography,  see  Oraham-Smith,  Jour,  of  Hygiene, 
vol.  iii.,  pp.  258  and  354;  also  Ewing  and  Strauss,  Med.  News,  Nov.  7th  and  Nov.  14th,  1903, 
bibl.;  also  Robin,  N.  Y.  Med.  Jour,  and  Phila.  Med.  Jour.,  March  5th  and  12th,  1904;  also  Nuttall's 
book,  ref.  above,  p.  181.  For  the  suggestion  of  a  new  method  of  differentiating  bloods  by  a  hemolysis 
test  see  Neisser  BJxd  Sachs,  Berl.  klin.  Wochensch.,  1905,  p.  1388.  For  special  details  of  the  most  re- 
cent methods,  see  Uhlenhulh  and  Weidanz,  Praktische  Anleitung  sur  Ausfuhrung  des  biologisohoi 
Eiweissdifferensierungsverfahrens,  1909;  and  Leers,  Die  forensische  Blutuntersuchung,  1910. 

*  Norris,  Jour,  of  Infect.  Dis.,  vol.  i.,  p.  463,  1904. 
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stances  appear  to  be  more  closely  related  to  agglutinating  than  to  lytic 
substances.  It  has  been  shown  that  the  specific  serum  precipitates  are 
capable  of  fixing  complement  and  removing  it  from  solutions  as  immune 
substances  may  be  fixed  and  removed — red  blood  cells  for  example — 
by  the  specific  elements  which  incite  their  formation,  see  p.  172.^ 

The  Adaptive  Bodies  not  Permanent. — The  effects  of  foreign  cells  and 
their  derivatives  upon  whatever  body  cells  produce  the  lytic,  agglutin- 
ating, and  precipitating  substances  are  apparently  not  lasting,  since  if 
the  injections  be  suspended  they  gradually  disappear  from  the  serum. 
The  time  of  their  disappearance,  however,  like  that  of  appearance,  is 
not  regularly  the  same,  even  in  the  same  animal. 

OPSONIC  SUBSTANCES— OPSONINS. 

The  importance  of  phagocytosis  among  the  agencies  protective 
against  micro-organisms  has  been  for  some  time  fully  recognized  and 
many  facts  are  known  about  their  ingestion  and  intracellular  destruction. 
But  the  exact  processes  by  which  this  is  secured  and  the  effects  of  natural 
and  artificial  immunization  upon  phagocytosis  are  still  obscure.  It 
has  been  assumed  that  the  protective  substances  in  the  plasma  of  immu- 
nized individuals  stimulate  the  phagocytes  to  the  ingestion  and  destruction 
of  micro-organisms,  and  so-called  stimvlins  have  been  the  subject  of 
much  discourse.  It  has  been  claimed  that  through  the  germicidal 
power  of  the  serum,  bacteria  are  killed  and  are  then,  more  readily  than 
when  living,  engulfed  by  phagocytes.  But  the  existence  of  stimulins 
has  not  been  demonstrated,  and  it  is  now  well  known  that  living  as  well 
as  dead  germs  are  ingested  and  destroyed  by  phagocytes.  It  has  been 
assumed  by  many  that  the  promotion  of  phagocytosis  by  immune  sera 
is  due  to  a  sensitizing  substance  (substance  sensibilisatrice)  which  by 
action  on  either  the  leucocytes  or  the  bacteria  changes  a  negative 
chemotaxis  into  a  positive. 

In  1904  Wright  and  Douglas,^  by  the  use  of  methods  suggested  by 
Leishman,'  discovered  in  normal  human  serum,  and  in  larger  amounts  in 
the  serum  of  persons  who  had  been  immunized  to  certain  micro-organ- 
isms, substances  which  when  placed  in  contact  with  the  specific  bacteria 
are  capable,  without  inducing  appreciable  morphological  changes,  of 
so  modifying  them  that  they  are  more  readily  taken  up  by  polymor- 
phonuclear leucocytes  than  are  the  bacteria  which  have  not  been  sub- 
ject to  this  preliminary  treatment  (see  Fig.  110).  These  substances 
Wright  and  Douglas  called  opsonins.^  Those  opsonins  tested  by  these 
observers  were  found  to  be  rendered  inert  by  heating  for  half  an  hour  at 
60*^  C;  but  later  studies  of  others  have  shown  that  some  opsonins — 
the  opsonin  of  immune  sera,  for  example — are  more  thermostable, 
resisting  temperatures  above  70°  C.     It  was  shown  by  suitable  experi- 

1  See  Oay,  Centrbl.  f.  Bak.,  Bd.  xxxix.,  p.  603,  1905.  This  capacity  of  precipitates  to  fix  comple- 
ment has  an  important  bearing  on  the  accuracy  of  the  Wassermann  and  Noguohi  tests,  p.  278. 

«  WrigtU  and  Douglas,  Proc.  Royal  Soc,  1903,  vol.  Ixxii.,  p.  357;  also  iWd.,1904,  vol.  Ixxiii.,  p.,  128. 

*  Lteiahman,  Brit.  Med.  Jour.,  1902,  vol.  i.,  p.  73. 

*  From  the  Latin  optono,  I  prepare  food  for. 
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merits  that  opsonins  do  not  act  upon  the  phagocytic  cells,  but  only  upon 
the  bacteria. 

Many  studies  of  the  serum  of  normal  and  immunized  men  and  animals 
have  been  made  by  others  since  the  announcement  of  Wright  and 
Douglas.  They  are  in  general  confirmatory  and  many  new  and  interest- 
ing facts  have  been  discovered  relating  to  these  protective  substances 
— opsonins — present  in  the  serum  of  normal  individuals  and  markedly 
increased  in  the  serum  of  those  who  have  undergone  natural  or  artificial 
immunization  to  special  forms  of  bacteria.^ 

Neufeld  and  Rimpau'  found  in  the  serum  of  artificially  immunized 
animals,  substances  acting,  not  upon  the  phagocytic  cells,  but  upon  the 
bacteria  in  such  ways  as  to  promote  their  ingestion.     These  substances 


— PHAOocrrsa,  Sbdwino  tub  Errccr  op  Omonic  Substances  ih  Prepariho  Bactswa 


In  the  cell  to  tbe  left  the  itsphylooncci  were  placed  in  coatsct  with  nomul  serum;  in  the  cell  In 
the  right  the  oocoi  hsdbeenm  wiataot  with  the  serum  of  an  animal  artificiitlly  immua bed  to  the  mien>- 
onpuiism.  Tbe  cocci  Ihiu  seDsitiied  by  tbe  opsmiic  subgtsncee  in  the  serum  of  the  immimiied  aoinuJ 
have  been  taken  up  much  more  abundantly  than  those  not  thus  prepared. 

Neufeld  and  Rimpau  called  bacteriotropic  in  distinction  to  bacteriolytic 
substances  sometimes  formed  in  immunization,  but  they  are  apparently 
identical  with  opsonins. 

It  has  been  shown  by  Hektoen  and  Ruediger'  that  the  opsonins  in 
serum  and  plasma  resemble  toxins  in  that  they  apparently  have  toxoph- 
orous  and  haptophorous  molecular  groups  (ace  p.  167),  by  which,  on 
the  one  hand,  they  secure  union  with  the  bacteria,  and,  on  the  other, 
effect  changes  in  these  organisms  which  render  them  susceptible  to 
phagocytosis. 

The  opsonic  substances  occurring  normally  or  developing  in  immune 
serum  are  not  alone  capable  of  preparing  bacteria  for  cell  ingestion,  but 
other  formed  elements  as  well,  red  blood  cells,  for  example,*  Sub- 
stances opsonic  for  red  blood  cells  have  been  called  kam-opsonins  or 
erythrocyto-opsonins,  in  distinction  to  the  baclerlo-opsonins.  The  relation- 
ship of  opsonins  to  other  immune  substances — amboceptors  and  agglu- 

I  The  substance  or  Bubstsnces  which  Wright  and  Douglas  called  opsonini  hsd  apparently  btSD 
previoiuly  described  by  Meicbnilioff  as  fiialeurt,  of  which  there  seem  to  be  two  forms,  bacteriolytic  sad 
pbscocytic;  Ke  Lohitin.  Ann.  InaL  Postvur.  t.  xx..  p.  939.  190S. 

'  Ntu  tid  and  Rimvau.  Deut.  med.  Wocbeoachr.,  1904.  p.  l«Sg;  also  Zeitii.  f.  Hyg.  u.  Inlkr..  Bd 
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tinins — formed  in  similar  adaptive  processes  is  not  yet  clear,  but  they 
app>ear  to  be  distinct. 

Phagocytosis  of  red  blood  corpuscles  by  endothelial  and  other  cells 
in  the  lymph-nodes,  bone  marrow,  spleen,  etc.,  is  common  in  various  in- 
fections, notably  in  typhoid  fever  (see  p.  239),  as  well  as  in  toxic  and 
ansemic  conditions. 

Hektoen*  has  found  that  normal  serum  may  contain  opsonins  for 
heterologous  as  well  as  homologous  erythrocytes,  and  that  the  adapta- 
tion of  animals  to  alien  blood  commonly  gives  rise  to  the  accumulation 
of  haemo-psonins  in  the  blood.  He  has  shown,  furthermore,  that  leuco- 
cytes in  varjring  degrees  may  be  phagocytic  for  opsonized  red  blood  cells. 
An  interesting  example  of  spontaneous  phagocytosis  by  leucocytes  has 
been  noted  occurring  after  direct  transfusion  in  a  case  of  pernicious 
anemia.' 

Opsonins  of  immune  sera  appear  to  be  specific,  each  uniting  only  with 
the  formed  elements  under  whose  influence  the  special  adaptation  is 
secured.  In  this  union — called  "fixation"  of  the  opsonin — the  formed 
elements — bacteria  or  red  blood  cells — are  said  to  be  sensitized,  and 
from  a  serum  containing  several  specific  opsonins  each  can  in  turn  be 
removed  by  fixation  to  its  special  cells  and  the  separation  of  these  by 
centrifugalization,  just  as  specific  amboceptors  may  be  separated  from 
hfiemolytic  or  bacteriolytic  sera.     (See  p.  172.) 

The  nature  of  the  alterations  which  bacteria  and  other  cells  undergo 
by  their  union  with  opsonins  is  not  understood.  The  bacteria  are  not 
killed  or  their  capacity  for  growth  diminished  by  it.  The  opsonins  of 
immune  sera  of  the  lower  animals  sensitize  bacteria  and  erythrocytes 
to  human  leucocytes,  and  vice  versa.  Thus  the  leucoc)rtes  of  animals 
as  well  as  those  of  man  may  be  used  in  the  determination  of  the  presence 
of  opsonins  in  sera. 

It  is  clear  that  opsonic  action  is  of  the  highest  importance  in  promot- 
ing phagocytosis.  It  is  also  evident  from  the  numerous  studies  which 
have  been  made  on  the  subject  that  in  many  instances  this  mode  of  de- 
struction of  bacteria  by  phagocytes  is  often  effective  under  conditions 
in  which  extracellular  bacteriolysis  does  not  suflSce  for  the  protection  of 
the  infected  individual. 

The  mere  fact  of  phagocytosis,  however,  is  not  evidence  of  success- 
ful protection,  since  the  ingested  bacteria  may  destroy  the  phagocyte  at 
once,  may  possibly  gain  in  its  interior  by  adaptation  an  exalted  viru- 
lence, or  may  be  transported  to  various  parts  of  the  body. 

The  virulence  of  bacteria  has  an  important  bearing  upon  the  eflfect- 
iveness  of  phagocytosis.  It  has  been  found  that  bacteria  of  high  viru- 
lence are  much  less  susceptible  to  phagocytosis  than  are  the  less  virulent 
strains  of  the  same  species,  both  in  normal  and  in  immune  sera.  It 
would  appear  that  virulent  bacteria  may  be  protected  from  phagocytosis 
both  by  their  insusceptibility  to  opsonification  and  their  capacity  to 
produce  substances  harmful  to  the  phagocytes. 

>  Hektoen,  Jour.  Inf.  Dii.,  vol.  Hi.,  p.  434.  1906. 
*  Hopkins,  Arch.  Int.  Med..  1010.  vi..  270. 
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In  the  light  of  the  new  knowledge  of  opsonina  and  their  relations  to 
phagocytosis,  the  occurrence  of  leucocytosis  in  various  infections  becomes 
of  special  significanee.  For  if  either  a  local  or  general  leucocytosis  be 
fostered  hand  in  hand  with  the  effective  production  of  opsonins,  the 
conditions  would  appear  to  be  most  favorable  for  the  control  of  the 
infectious  processes. 

Clinical  Significance  of  Opsonins. — The  determination  of  changes  in 
the  opsonic  power  of  the  blood  serum  is  claimed  by  Wright  and  his  fol- 
lowers to  be  of  great  practical  importance  as  a  guide  to  the  administration 
of  immunizing  substances  in  the  treatment  of  certain  forma  of  infection. 
For  a  rise  in  the  opsonic  content  marks,  in  accordance  with  this  view,  the 
successful  development  of  those  protective  substances  in  the  body  which, 
by  uniting  with  the  bacteria,  favor  phagocytosis.  If,  on  the  other  hand, 
after  the  administration  of  immunizing  substances,  the  opsonic  power 
falls,  as  is  sometimes  the  caae,  and  continues  low,  the  indication  is  for  a 
reduction  or  suspension  of  the  dosage. 

Remarkable  curative  results  are  recorded  as  the  result  of  the  admin- 
istration of  sterilized  and  standardized  suspensions  of  the  dead  bodies 
of  Staphylococcus  pyogenes  aureus  in  furunculosis  and  carbuncle,  and 
of  the  tubercle  bacillus  in  tuberculosis,  especially  in  its  local  phases, 
as  well  as  in  other  infections.  But  for  success  in  these  or  other  forms  of 
artificial  active  immunization  with  the  dead  bodies  of  specific  micro- 
organisms, great  stress  is  laid  by  Wright  on  the  control  of  the  treatment 
by  the  constant  observation  of  the  opsonins.  The  dead  bodies  of  cultures 
used  in  this  way  are  called  by  Wright  and  his  followers  "vaccines."' 


Fia.  lll.-GUBB  CAPSULEFORDRAniNa  A  Shall  AuoITNT  or  Blood  FBOU  TDK  FiNOuTir. 
As  suggested  by  Wright. 

Opsonic  Power  and  its  Determination. — Studies  of  the  effects  of  opsonins  upoD 
bacteria  aa  marked  by  phagocytosis  are  readily  made  outaide  the  body.  The 
simplest  form  of  observation  may  be  made  by  mixing  equal  parte  of  defibrinated  blood 
and  a  suspension  of  a  bacterial  culture  in  O.S5-per-cent.  solution  of  sodium  chlorid, 
keeping  this  for  fifteen  to  twenty  minutes  at  37°  C.,  staining  smears  made  upon  * 
slide,  and  then  determining  the  average  number  of  bacteria  found  in  the  polymorpho- 
nuclear leucocytes.  Since,  however,  under  these  conditions,  the  leucocytes  are  too 
few  to  obtain  readily  the  averages  of  a  large  number,  it  has  been  found  desirable  for 
most  purposes  to  concentrate  the  leucocytes  by  the  centrifuge.  The  blood  is  diluted 
as  it  is  drawn  with  a  solution  of  sodium  citrate  1 . 0  per  cent,  in  0 .  85-per-cent.  solutiop 

1  Tbi9  use  of  the  word  vhccido  is  not  altogether  to  be  commended,  nince  the  uialoey  between  tboa 

or  the  methods  of  preparing  vaccine,  nee  HUt  and  Ziruiar.  "Ti^it-book  of  Bacteriology."  2tl  edilioi. 
iei4.    Foe  an  Interpretation  of  present-day  uses  of  vaccines  see  Theobold  Smith,  Jouj.  Am.  Med  Am., 
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of  sodium  chlorid.  This  prevents  coagulation,  and  the  performances  of  living 
leucocytes  are  not  interfered  with.  This  dilution  can  be  effected  by  drawing  blood 
from  the  finger  tip  into  small  glass  capsules  (Fig.  Ill)  containing  the  sodium-citrate 
solution.  This  blood  dilution  may  now  be  centrifugalized,  and  the  leucocytes, 
which  take  a  place  above  the  red  cells,  may  be  drawn  off  by  a  pipette,  washed  with 
salt  solution,  and  centrifugalized  twice  to  remove  the  citrate,  and  then  mixed  with 
the  bacterial  suspensions  and  with  the  serum  to  be  tested.  This  mixture  is  incubated 
for  fifteen  to  twenty  minutes;  the  smears  are  stained  by  the  Jenner  method  (see 
p.  468). 

In  comparative  studies  it  is  necessary  to  free  the  leucocytes  from  their  own  serum 
by  repeated  washing  in  salt  solution  with  centrifugalization,  before  testing  their  phago- 
cytic power  with  bacteria  exposed  to  an  heterologous  serum.  Such  washed  leucocytes 
are  found  to  be  incapable  of  ingesting  many  forms  of  bacteria. 

The  determination  of  the  opsonic  power  of  sera  in  routine  practice,  following 
largely  the  suggestion  of  Wright,  may  be  briefly  outlined  as  follows. 

This  capacity  of  the  serum  is  tested  and  measured  by  mixing  three  substances: 

1.  Washed  living  leucocytes  from  man,  one  volume. 

2.  A  uniform  suspension  of  a  culture  of  the  selected  micro-organisms,  one  volume. 

3.  The  serum  whose  opsonic  power  is  to  be  tested,  one  volume. 

These  three  substances  are  mixed  in  capillary  tubes  and  kept  for  fifteen  to  twenty 
minutes  at  37®  C.  A  portion  of  the  mixture  is  then  smeared  upon  the  slide  and  stained 
by  the  Jenner  method*  which  stains  both  the  phagocytes  and  the  bacteria.  Now 
under  the  microscope  one  examines  the  leucocytes  as  they  come  into  the  field,  and 
counts  the  number  of  bacteria  which  each  leucocyte  has  ingested.  At  least  forty  of 
these  leucocytes  should  be  examined.  The  average  number  of  bacteria  in  the  leuco- 
cytes obtained  by  dividing  the  whole  number  of  bacteria  found  by  the  number  of 
leucocytes  examined,  gives  what  is  called  the  phagocytic  counts 

Opsonic  Index. — If  the  phagocytic  count  obtained  with  the  use  of  the  serum  of 
normal  man  be  considered  as  the  unit,  the  proportion  which  the  phagocytic  count  of 
the  special  serum  bears  to  the  imit  is  called  the  opsonic  index. 

Thus,  if  the  average  number  of  bacteria  ingested  by  the  leucocytes  after  exposure 
to  normal  serum  is  5,  and  if  the  average  number  ingested  by  the  phagocytes  after  ex- 
posure to  the  special  serum  to  be  tested  should  be  4,  then,  reducing  the  figures  to  the 
basis  of  unity  for  the  normal  serum,  the  opsonic  index  would  be  0 . 8. 

The  significance  of  the  opsonic  index  in  the  treatment  of  infections  and  the  value 
and  mode  of  action  of  the  bacterial  "vaccines"  are  still  sub  jvdice.  Many  factors  in 
the  life  and  performances  of  the  individual  seem  to  modify  the  opsonic  index;  the 
variation  in  the  number  of  bacteria  ingested  by  phagocytes  is  so  great  that  the  validity 
of  averages  in  determining  the  opsonic  index  must  in  each  case  be  carefully  judged. 
Variabilities  in  the  characters  of  the  leucocytes  have  not  yet  been  fully  investigated,  so 
that  altogether,  while  great  theoretical  and  practical  interest  attaches  to  the  bacterio- 
tropic  substances  called  opsonins,  it  remains  for  further  and  much  more  extended  ob- 
servation to  determine  their  real  significance'  and  the  practical  value  of  the  so-called 
"vaccines"  in  various  infections.  Finally,  the  importance  of  the  opsonic  index  as  a 
guide  to  immunization  by  "vaccines"  has  not  yet  been  established. 

1  See  p.  468. 

'For  the  determination  of  the  phagocyte  count  in  opsonized  tubercle  bacilli  the  following  procedure 
is  reeommoided  by  Ross: 

1.  Fix  smears  of  opsonised  bacteria  and  leucocytes  in  a  saturated  aqueous  solution  of  corrosive 
sublimate  for  one-half  minute. 

2.  Rinse  quickly  in  water. 

3.  Stain  with  Ziehl's  carbolic  fuchsin,  heating  the  slide  until  the  fluid  barely  steams  (boiling 
injures  the  leucocytes). 

4.  Rinse  quickly  in  water. 

5.  Decolorise  quickly — a  few  seconds — in  2.5-per-cent.  sulphuric  acid. 

6.  Wash  in  five-per-cent.  glacial  acetic  acid  for  one  minute  or  less. 

Counterataining  may  be  effected  in  the  following  solution:  methylene  blue,  0.5  gramme;  sodium 
e*ibonat«,  0.5  gramme;  water,  100  c.c.     Stain  about  one-half  minute.     Rinse  in  water. 

*  For  an  excellent  summary  of  phagocjrtosis  and  opsonins  see  Hektoen,  Jour.  Amer.  Med.  Assn., 
ToL  xlvi.,  p.  1407,  1906.  For  bibl.  and  summary  of  opsonins  see  Potter,  Ditman,  and  Bradley,  Jour. 
Amer.  Med.  Assn.,  vol.  xlvii.,  pp.  1722  and  1793,  1906.  Also  see  Wright,  Studies  on  Immunization, 
1909. 


188 


THE    RELATIONS    OP   MICRO-ORGANISMS   TO    DISEASE 


In  his  studies  upon  opsonins  Wright^  has  devised  many  delicate  and  clever  tech- 
nical procedures  for  collecting,  measuring,  standardizing,  and  mixing  the  various  ele- 
ments involved  in  the  reactions,  with  which  the  worker  in  this  field  should  make  him- 
self familiar.*  Furthermore,  much  practice  is  required  and  many  sources  of  possible 
error  must  be  learned  before  one  can  be  certain  that  his  results  are  to  be  relied  upon. 

Although  we  have  considered  separately  the  development  in  the  body 
of  c)rtolytic,  agglutinating,  precipitating,  and  opsonic  substances,  it 
should  be  remembered  that  these  may  be  and  often  are  formed  together 
in  the  same  animal. 

Table  (After  Aschopf)   Showing  Various  Forms   op  Adaptation   Products 

WITH  THEIR  Relationships  and  Synonyms. 


The  body-cells 
i  n  adapta- 
tion to  alien 
substances 
of  protoplas- 
mic origin 
may  e  1  a  b  - 
orate 


Antitoxins, 
Antiferments, 


Cytolysins, 
(Cy  to  toxins). 


Agglutinins, 
Precipitins, 
Opsonins? — Fixateurf 


Hemolysins, 

B  a  c  t  e  r  i  oly  sins — 
bacteriocidal  sub- 
stances. 

Special  Cy  to  toxins : 
Spermatoxin, 
Nephrotoxin, 
Hepatotoxin,  etc. 


Formed    of 

two 
substances. 


Complement : 
Alexin, 
Addiment, 
Cytase. 

Amboceptor : 
Immune  body, 
I  n  t  e  rmediary 
body, 

Svhstance  Sen- 
sibUisatric€j 
Fixateury 
PrdparcUor, 
Copula, 
Desmon. 


The  "antibodies" 


Cyto  toxins. 

Agglutinins, 

Precipitins, 


may  lead  to  the  for- 
mation of 
**  anti-antibodies." 


Anticytotoxins, 
Anticomplements, 
Antiamboceptors  (anti- 
immune  bodies). 

Antiagglutinins, 

Antiprecipitins. 


LEUCOCYTE  EXTRACT. 

We  have  seen  that  the  phagocytes,  particularly  the  polymorpho- 
nuclears are  possessed  of  very  subtle,  and  in  the  aggregate  very  powerful, 
capacities  for  bacterial  cell  destruction  both  in  their  interior,  and  through 
the  substances  which  they  may  furnish  to  the  body  fluids. 

It  is  apparent  that,  in  the  complex  series  of  adaptations  to  one 
another  in  infection  of  the  body  cells  on  the  one  hand  and  the  micro- 
organisms on  the  other,  the  balance  must  often  be  very  nice  in  this 
muster  of  opposing  forces. 

Hiss  has  proposed,'  therefore,  that  the  overtaxed  or  threatened  phago- 
cytes might  be  aided  in  an  emergency  if  an  extract  of  cells  of  their  own 

1  Wright,  A.  E.,  Technique  of  the  Teat  and  Capillary  Tube,  London,  1912. 

'  For  general  technique  of  opsonic  work  see  Welker,  Jour.  Med.  Res.,  xix.,  p.  237,  1908. 

*  Hisa,  Jour.  Med.  Res.,  xiv.,  3,  1908. 
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kind  in  diffusible  form  such  as  might  be  secured  by  a  sterile  emulsion 
of  dead  cells  were  introduced  into  the  body. 

He  has  prepared  such  extracts  and  they  have  been  administered 
both  to  men  and  to  animals  in  divers  infections  with  marked  benefit  in 
a  large  proportion  of  cases.  Cases  of  cerebrospinal  meningitis,  lobar 
pneumonia,  staphylococcus  and  streptococcus  infection  have  been  thus 
treated  and  in  experimental  animals  the  infective  processes  induced  by 
the  pyogenic  bacteria,  meningococcus,  typhoid  and  dysentery  bacilli,  and 
others  has  been  markedly  modified. 

Preparation  of  Leucocyte  Extracts. — The  exudates  containing  a  large  proportion 
of  leucocytes  are  secured  from  rabbits  by  intrapleural  injection  of  sterilized  aleuronat 
(see  p.  195).  After  twenty-four  hours  the  copious  exudate  is  withdrawn,  the  cells 
separated  by  the  centrifuge.  These  cells  are  extracted  with  sterile  distilled  water 
and  after  careful  control  as  to  the  freedom  from  bacteria  of  the  final  emulsion,  this 
is  introduced  beneath  the  skin.* 

DIVERSION  OF  COMPLEMENT. 

It  has  been  shown  that  the  relative  proportions  of  amboceptors  and  complements 
present  in  bacteriolysis  is  not  a  matter  of  indifference. 

Thus  if  one  add  increasing  amounts  of  amboceptors,  in  the  form  of  immune  serum, 
to  fixed  volumes  of  bacterial  emulsion  and  complement,  i.e.,  normal  serum,  it  is  found 
that,  on  the  addition  of  a  small  amount  of  amboceptor,  i.e.,  immune  serum,  complete 
bacteriolysis  may  be  secured.  But  if  a  greater  amount  of  amboceptor  be  added  than 
is  necessary  to  seciu*e  complete  lysis,  the  latter  may  fail  to  occur. 

From  such  experiments  it  has  been  assumed,  probably  incorrectly  however,  that 
when  in  such  mixtures  amboceptors  are  present  in  considerable  excess,  while  some 
of  the  amboceptors  combine  with  complement,  other  free  amboceptors  may  unite 
with  the  receptors  of  the  bacterial  cells  more  readily  than  the  combination  group  of 
complement-amboceptor  will  do,  and  in  this  way  the  union  of  complement-ambocep- 
tor  and  cell  receptor  necessary  for  effective  lysis  is  prevented.  This  has  been  called 
diversion  or  deviaiion  of  the  complement.  The  phenomenon  is  much  more  probably 
due  to  the  binding  of  the  complement  by  other  substances  present  in  the  mixture, 
and  not  to  a  union  of  the  cell  receptors  with  the  excess  of  amboceptor. 

FIXATION  OF  COMPLEMENT. 

We  have  seen  when  considering  haemolysis  (page  172),  that  when  haemolytic  serum 
which  contains  amboceptors  is  heated  to  destroy  its  complement,  the  amboceptor,  if 
placed  in  contact  with  the  species  of  red  blood  ceUs  to  which  it  has  been  adapted, 
unites  with  them.  Such  blood  cells  are  said  to  be  "sensitized,"  because  if  now  a 
small  amount  of  complement  in  the  form  of  fresh  normal  serum,  "activating  serum," 
be  added,  hsemoly^is  takes  place. 

Similarly  when  heated  bacteriolytic  amboceptor  in  the  form  of  an  immune  serum 
is  added  to  its  homologous  bacteria — antigens — the  latter  are  sensitized  and  are  thus 
capable  of  absorbing  and  using  up  complement  if  fresh  normal  serum  be  added. 

This  delicate  hsemolytfc  reaction  several  years  ago  was  made  the  basis  of  an 
ingenious  method  of  testing  for  the  presence  of  immune  body  by  Bordet  and  Gengou.* 
The  Bordet-Gengou  test  has  been  characterized  as  the  method  of  fixation  of  comple- 
ment for  reasons  which  will  be  made  clear  through  an  example,  as  follows. 

If  one  take  bacteriolytic  amboceptor  in  the  form  of,  say,  heated  typhoid  immune 

*  For  a  study  of  bactericidal  substances  in  leucocyte  extracts,  see  Zinsser^  Jour.  Med.  Res.,  xxii.. 
397.  1910. 

'  Bordet  an<l  Oengou,  Ann.  de  I'lnst.  Pasteur,  1901. 
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serum  and  add  to  this,  first,  an  emulsion  of  typhoid  bacilli  and,  second,  complement  in 
the  form  of  fresh  normal  serum,  and  allow  these  to  stand  for  five  hours,  it  is  evident 
from  what  we  have  seen  above  that  the  complement,  if  this  has  been  added  in  proper 
proportion,  will  have  been  all  absorbed  in  the  bacteriolytic  reaction  between  itself, 
the  amboceptor,  and  the  typhoid  bacilli.  So  that  if  we  now  add  sensitized  red  blood 
cells,  i.e.,  heated  hsemolytic  serum  and  red  blood  cells,  no  haemolysis  will  take  place 
because  the  complement  necessary  for  this  was  previously  absorbed,  that  is  "fixed," 
in  the  bacteriolytic  reaction. 

That  this  is  actually  the  case  may  be  shown  by  replacing  in  the  above  experiment 
the  heated  typhoid  immune  serum  by  heated  normal  serum.  In  this  case  on  the 
addition  of  the  sensitized  red  blood  cells  haemolysis  occurs. 

This  method  assumes  that  in  the  activating  serum  the  hsemolytic  and  bacteriolytic 
complement  are  identical  at  least  in  their  combining  capacities. 

This  "fixation  of  complement"  has  been  brought  more  recently  into  practical  use 
in  testing  for  immune  bodies  in  diagnosis  (see  Wassermann  reaction),  as  well  as  in  the 
determination  of  bacterial  species  and  in  the  differentiation  of  proteins. 

ALLERGY  AND  ANAPHYLAXIS. 

Under  the  general  term  "allergy"  are  classed  a  number  of  complex  phenomena 
of  immunity,  the  name  signifying  an  altered  reactive  quality  of  the  body  or  the 
individual  tissues.  This  changed  reactivity  may  be  due  to  previous  disease  or  to 
the  administration  of  foreign  substances,  as  the  injection  of  drugs  or  of  horse  serum, 
or  to  the  occurrence  of  a  disease  like  tuberculosis,  which  renders  the  body  unusually 
susceptible  to  products  of  the  tubercle  bacillus.  The  altered  reactivity  of  the  body 
may  express  itself  in  three  forms:  1,  as  an  alteration  in  the  speed  of  the  reaction;  2, 
as  an  alteration  in  the  amount  of  the  reaction ;  and,  3,  as  an  alteration  in  the  quality  of 
the  reaction.  Those  substances  which  are  capable  of  altering  the  reactive  power  of  the 
organism  are  called  allergins,  which  is  a  broader  term  than  the  word  antigen,  the 
latter  being  employed  to  designate  those  highly  specific  generators  of  immunity  present 
in  the  proteins  giving  rise  to  antibody  formation  when  placed  in  contact  with  the  body 
cells.  The  term  anaphylaxis  is  now  being  limited  to  that  form  of  allergy  due  to  the 
sensitizing  of  the  body  cells  with  some  form  of  protein.  The  other  form  of  allergy  is 
due  to  substances  which  do  not  act  as  antigens  but  are,  as  a  rule,  well  characterized 
chemical  substances,  as,  for  example,  salvarsan,  which  sensitizes  the  tissue  so  that 
frequent  doses  may  cause  very  severe  reactions,  or  morphine,  which  acts  less  powerfully 
with  each  dose  owing  to  the  fact  that  the  body  cells  ultimately  develop  a  capacity 
to  oxidize  this  alkaloid  with  greater  activity  than  when  administration  is  first  begun. 

The  toxins  of  bacteria,  such  as  the  diphtheria  and  tubercle  bacilli,  may  induce  the 
production  of  antitoxins  which  neutralize  the  toxins  or  may  sensitize  the  cells  so  that 
a  second  dose  of  the  toxin  may  cause  the  death  of  the  animal  with  symptoms  of  the 
disease  which  the  particular  toxin  in  question  has  the  power  to  produce ;  for  instance, 
a  second  dose  of  tetanus  toxin  may  kill  an  animal  with  all  the  symptoms  of  tetanus. 
It  is  believed  that  the  mechanism  of  death  under  these  conditions  is  different  from  that 
which  occurs  in  true  anaphylaxis  due  to  the  introduction  of  a  foreign  protein  into  the 
circulation.  If  a  dilute  solution  of  tuberculin  is  dropped  into  the  conjunctival  sac  of  a 
person  suffering  from  tuberculosis,  a  violent  inflammatory  reaction  occurs  which  is 
allergic  in  nature.  The  classic  example  of  true  anaphylaxis  in  that  which  follows  the 
spaced  injection  of  foreign  protein.  If,  for  example,  a  guinea-pig  is  inoculated  with  a 
small  quantity  of  horse  serum  and  then  seven  to  eleven  days  afterward  a  second  in- 
jection is  given,  the  animal  often  dies  in  a  few  minutes  with  symptoms  of  dyspnoea, 
convulsions,  involuntary  defecation  and  urination,  and  fall  of  temperature.  If  the 
animal  does  not  die  it  is  immune  and  does  not  react  to  further  injections  of  the  same 
serum.  If  the  second  injection  is  made  within  a  few  days  after  the  first  no  anaphylactic 
symptoms  are  produced  nor  can  they  ever  afterward  be  produced  by  large  or  small 
doses.  This  anaphylactic  condition  can  be  transferred  by  injection  into  other  animals 
of  blood  from  an  animal  potentially  anaphylactic.  The  condition  may  also  be 
transmitted  from  mother  to  child,  irrespective  of  whether  the  mother  was  rendered 
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hypersusceptible  before  or  after  the  beginning  of  pregnancy ;  it  is  not,  however,  trans- 
mitted in  the  milk. 

Numerous  theories  have  been  proposed  to  explain  this  phenomenon,  von 
Pirquet  and  Schick^  thought  that  the  reaction  was  a  simple  one  between  antigen  and 
antibody,  with  the  setting  free  of  a  product  whose  action  on  the  remnants  of  the  antigen 
still  circulating  in  the  blood  caused  the  disturbance.  Wolff-Eisner*  thought  that  the 
first  injection  produced  a  ferment  from  the  cells,  capable  of  splitting  the  foreign  protein 
injected,  and  that  when  this  protein  was  injected  a  second  time  it  was  split  rapidly,  one 
of  the  split  products  being  toxic.  This  view  has  received  a  good  deal  of  support  from 
the  work  of  Vaughan.'  According  to  this  theory  the  reaction  takes  place  in  the  blood. 
Gay  and  Southard*  suggest  that  a  portion  of  the  protein  introduced  in  the  first  in- 
jection is  assimilated  by  the  cells,  but  that  a  fraction  which  is  not  digestible  remains  in 
the  circulation  and  renders  the  tissue  cells  abnomally  sensitive  to  reinjections  of  the 
same  form  of  protein.  The  toxic  nonassimilable  substance  they  call  anaphylactin. 
Besredka^  holds  that  the  antigen  and  the  substance  producing  anaphylaxis  are  different. 
The  sensitizing  protein  contains  an  active  element  which  gives  rise  in  the  injected 
animal  to  a  specific  antibody.  This  antibody  circulates  in  the  blood  and  is  stored  in 
the  cells  of  the  central  nervous  system.  On  a  second  injection  a  reaction  takes  place 
between  the  specific  antibody  and  a  third  substance  present  in  the  protein,  which  acts 
upon  the  nerve  cells  and  gives  rise  to  the  symptoms.  Doerr  and  Russ*  regard  ana- 
phylactic shock  as  an  intercellular  precipitin  reaction.^  Weil*  holds  that  anaphylaxis 
is  due  to  a  reaction  between  specific  antibodies  present  in  the  cells  and  the  introduced 
antigen.  When  passive  sensitization  is  produced  by  the  introduction  of  the  blood  of 
an  anaphylactic  animal,  the  body  cells  of  the  recipient  absorb  the  introduced  anti- 
bodies from  the  blood  and  thus  the  cells  become  anaphylactically  sensitive.  This 
takes  a  certain  time,  usually  twenty-four  hours,  at  the  end  of  which  the  animal  can 
be  killed  by  a  single  dose  of  antigen,  because  it  has  in  its  circulation  an  insufficient 
amount  of  antibody  to  protect  the  cells  from  the  toxic  effects  of  the  introduced  antigen 
or  its  split  products.  Weil  thinks  that  an  immunized  animal  is  potentially  anaphyl- 
actic, but  is  protected  by  the  immime  bodies  in  the  circulation,  and  that  the  difference 
between  immunity  and  anaphylaxis  lies  solely  in  the  fact  that  in  the  former  the  anti- 
bodies predominate  in  the  serum,  while  in  the  latter  they  predominate  in  the  cells, 
the  cells  being  thus  left  unprotected. 

This  limited  sketch  of  a  few  of  the  views  on  anaphylaxis  is  necessarily  incomplete 
since  it  is  impossible  in  a  work  of  this  sort  to  do  more  than  refer  the  student  to  larger 
treatises.  Many  of  the  observed  phenomena  do  not  fit  any  of  the  hypotheses.  For 
instance,  it  is  not  clear  why  anaphylaxis  should  be  prevented  by  placing  the  animal 
under  the  influence  of  chloral  hydrate,*  while  morphine  does  not  have  this  effect. 
Auer  and  Lewis,  *<>  having  shown  that  the  rapid  death  is  due  to  asphyxiation  induced 
by  tetanic  contraction  of  the  smooth  muscles  of  the  bronchioles,  have  been  able  to  show 
also  that  atropine  will  prevent  anaphylactic  death.  It  must  be  remembered,  also, 
that  typical  anaphylaxis  to  sera  is  seen  chiefly  in  the  guinea-pig.  Other  animals 
react  quite  differently  to  horse  serum  and  may  not  be  sensitive,  though  highly  sensitive 
to  other  proteins.  It  is  evident  that  our  knowledge  of  this  subject  is  still  imperfect  in 
spite  of  the  enormous  amount  of  investigation  which  has  been  carried  out  in  the  last 
five  years. 

^vonPirqud.  and  Schick,  Wien.  klin.  Wchnschr.,  1903;  and  Die  Senimkrankheit,  Vienna,  1905 
»  Wolff-Exnter,  Centralbl.  f.  Bakteriol.,  1904,  xxxvii.,  350,  566,  and  684;  and  Berl.  klin.  Wchnschr., 
19W,  xli..  1105,  1131,  and  1166. 

*  Vaughan,  Protein  Split  Products  in  Relation  to  Immunity  and  Disease,  New  York,  1913.  For  an 
•ttempt  to  uae  the  demonstratiua  of  these  ferments  in  specific  diagnosis  see  Abderhcuden,  Abwehrfer* 
mente,  4th  edition,  Berlin,  1914. 

*  Gay  and  Southard,  Jour.  Med.  Research,  1907,  N.  S.  xi.,  143. 
^Betredka,  Ann.  de  I'lnst.  Pasteur,  1907,  xxi.,  384. 

*  Doerr  and  Ruas,  Ztschr.  f.  Immunity tsforsch.,  Orig.,  1909,  iii.,  101. 

^  For  an  extensive  review  of  the  facts  leading  to  the  humoral  theory  of  anaphylaxis  see  Friedetnann, 
Jahresb.  f.  Immunit&tsforsch.,  1911,  Abt.  I,  vi.,  31;  Ztschr.  f.  Immunitatsforsch.,  Orig.,  1909.  ii.,  591; 
•nd  Roienau  and  Anderson,  Harvey  Lectures,  New  York,  1908-9.  For  the  views  of  Richel,  who  did 
much  of  the  pioneer  w^ork  on  this  subject,  see  his  recent  monograph,  L'anaphylaxie,  Paris,  1912. 

*  Weil,  Jour.  Med.  Research,  1913,  N.  S.,  xxii.,  497. 

*  Bamhaf  and  Famulentr,  Jour.  Infect.  Dis.,  1910,  vii,  577. 
'Mt/er  and  LeuyU,  Jour.  Exper.  Med.,  1910,  xii.,  151. 
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The  Bearing  of  the  New  Studies  on  Serum  Therapy. — We  have  seen  in  an  earlier 
section  that  the  use  of  the  blood  senim  of  animals  immunized  against  pathogenic 
micro-organisms  for  protective  purposes  in  man  has  been  of  practical  value  in  but  few 
instances,  and  these  mainly  in  cases  in  which  the  protective  action  was  antitoxic. 
Protective  sera  for  pneumonia  and  typhoid,  streptococcus  septicaemia,  plague,  tuber- 
culosis, cholera,  and  many  other  infectious  diseases  whose  chief  toxic  incitors  seem  to 
be  endotoxins  have  been  persistently  tested  and  found  to  be  for  the  most  part  of 
doubtful  value  in  man. 

But  in  the  light  of  the  new  knowledge  of  cytolytic  sera,  and  the  conditions  under 
which  these  may  be  effective,  the  promise  of  serum  therapy,  so  long  Umited  to  anti- 
toxic immunity,  seems  now  to  be  more  encouraging. 

It  is  possible  that  the  reason  why  the  serum  of  an  animal  immunized  against  a 
given  pathogenic  micro-organism  is  not  protective  is  that  neither  this  serum  nor  the 
body  fluids  of  the  individual  into  whom  it  is  injected  for  protective  ends  contain  suffi- 
cient or  suitable  complements. 

We  have  seen  in  our  review  of  haemolysis  that  hsemolytic  serum  heated  to  56°  C. 
loses  its  lytic  power  owing  to  the  destruction  of  the  very  labile  complements.  We  have 
seen,  further,  that  this  power  is  restored  by  the  addition  of  a  little  fresh  serum  from  a 
normal  animal;  that  is,  serum  containing  complement.  Now  it  has  been  found  that 
this  ''reactivation"  of  the  serum,  as  it  is  called,  can  often  be  brought  about  by  the 
sera  of  various  animals.  Thus,  for  example,  the  serum  of  the  guinea-pig  adapted  to 
the  erythrocytes  of  the  rabbit  is  lytic  for  these  cells  of  the  rabbit.  If  such  serum  be 
heated  to  56°  C.  it  is  no  longer  lytic,  the  activities  of  the  complement  are  destroyed; 
but  the  serum  can  be  reactivated  by  a  little  fresh  serum,  not  only  from  a  normal  rabbit, 
but  from  the  goat  and  the  rat.  The  serum  of  many  other  animals,  however,  is  ineffec- 
tive under  these  conditions.  The  reason  for  this,  of  course,  in  accordance  with 
Ehrlich's  hypothesis,  is  that  the  complements  of  the  reactivating  sera  have  combining 
capacity  with  the  special  amboceptors,  and  so  can  become  effective,  while  in  other 
sera,  the  linking  of  the  complement  to  the  red  cells  through  the  amboceptors  being 
impossible,  there  can  be  no  restoration  of  the  lytic  action. 

It  is  not  difficult  to  secure  immune  substances  (amboceptors)  by  the  adaptation  of 
animals  to  various  kinds  of  pathogenic  bacteria.  These  may  be  formed  in  such  abun- 
dance as  to  be  out  of  proportion  to  the  complements.  But  unless  these  immune  sub- 
stances, when  injected  into  the  body  for  protective  purposes,  either  carry  with  them  or 
find  in  the  new  environment  an  abundance  and  appropriate  forms  of  complements,  they 
are  not  wholly  available  in  destroying  bacteria.  One  of  the  great  problems  of  the 
immediate  future,  then,  so  far  as  serum  therapy  is  concerned,  seems  to  be  to  secure 
suitable  complements  to  act  with  immune  substances  if  the  former  do  not  exist  in  the 
human  fluids,  or  to  reinforce  these  substances  from  the  sera  of  suitable  animals  if  the 
human  stock  be  scanty.  There  is,  however,  much  ground  for  believing  that  in  order 
to  be  most  effective  the  complements  with  which  we  may  seek  to  reinforce  the  potency 
of  bacteriolytic  sera  in  man  should  come  from  species  closely  allied  to  him. 

If  the  securing  of  an  appropriate  complement  is  thus  of  such  importance  in  the 
attempt  to  prepare  bacteriolytic  sera  for  therapeutic  purposes,  the  maintenance  of 
sufficient  complements  in  the  human  body  must  be  of  the  utmost  significance  in  its 
intrinsic  protective  mechanism  against  infection.  That  this  consideration  is  not 
without  support  in  fact  is  shown  by  the  studies  of  Abbott,  Longcope,  and  others,  *  who 
have  found  that  after  the  continuous  administration  of  alcohol  and  in  various  chronic 
as  well  as  acute  diseases,  the  amount  of  complement  in  the  blood  may  be  notably 
reduced.  We  have  thus  a  definite  contribution  to  our  knowledge  of  one  of  those  fac- 
tors in  predisposition  to  infection  which,  in  a  general  way,  are  so  fully  recognized,  but 
which  are,  for  the  most  part,  but  ill-defined  and  little  understood. 

But  the  securing  of  eflfective  bactericidal  and  bacteriolytic  agents  would  not 
in  itself  be  a  satisfactory  solution  of  this  urgent  problem  in  serum  therapy.  One  can 
readily  conceive  that  complete  success  in  this  respect  might  be  an  added  source  of 
danger  to  the  victim  of  infection.  For  in  case  of  those  bacteria  whose  harmful  effects 
in  the  body  seem  to  arise  largely  through  the  setting  free  of  endotoxins  it  is  probable 

For  a  study  of  this  subject  see  Longcope,  Jour,  of  Hygiene,  vol.  iii.,  1903,  p.  28. 
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that  if  these  were  not  at  once  and  properly  combined  or  otherwise  cared  for  the 
wholesale  destruction  of  the  bacteria  might  prove  a  curse  and  not  a  blessing. 

The  Specific  Character  of  Artificial  Immunization. — It  is  not  yet  possible  to  say 
in  many  cases  to  what  extent  the  immunization  effected  in  any  of  the  various  ways 
indicated  above  is  specific.  In  some  cases  it  appears  to  be  so.  That  is  to  say,  the  pro- 
tection which  is  afforded,  for  example,  by  an  attack  of  diphtheria  or  by  the  gradually 
increased  administration  of  the  diphtheria  toxin,  or  by  the  use  of  the  immunizing  serum, 
is  limited  to  this  particular  disease,  and  is  not  to  be  secured,  at  least  in  such  marked 
degree,  by  the  use  of  other  bacteria  or  bacterial  products.  In  some  instances,  on  the 
other  hand,  immunization  against  one  micro-organism  or  its  toxins,  or  against  special 
toxic  substances,  affords  protection  against  infection  or  intoxication  by  entirely 
different  agents.  Thus  animals  may  be  immunized  against  anthrax  by  inoculation 
with  bacillus  pyocyaneus. 

It  should  be  borne  in  mind,  however  much  importance  we  may  attach  to  the  forma- 
tion and  action  of  the  antitoxic  substances,  that  these  are  not  necessarily  always  present 
either  in  natural  or  acquired  immunity  to  bacteria  or  their  toxins.  Tolerance  to  bac- 
terial toxins  may  be  estabhshed,  as  may  tolerance  to  other  kinds  of  poisons,  without  the 
intervention  of  antitoxic  or  other  chemical  agents. 

The  Complexity  of  the  Proceeses  Involved  in  Immunization. — It  thus  appears 
that  while  we  know  a  great  deal  about  the  ability  of  the  living  body  to  protect  itself 
against  the  incursions  of  micro-organisms  and  the  ravages  of  their  poisons ;  while  a  field 
is  opened  for  the  study  of  artificial  immunization  which  is  of  the  highest  promise,  both 
for  the  advancement  of  science  and  for  practical  benefit  to  the  victims  of  infectious 
disease;  while  illimunating  and  far-reaching  hypotheses  are  current  which  account  for 
many  of  the  complex  phenomena,  we  are  yet  very  far  from  comprehending  manf  of 
the  details  of  the  processes  by  which  immunization  is  secured. 

We  do  not  know  why  the  cells  of  certain  animals  or  why  different  kinds  of  cells  in  the 
same  animal  are  more  susceptible  than  others  to  the  presence  of  particular  poisons; 
why,  for  example,  the  rabbit  is  less  susceptible  than  man  to  morphine;  why  strychnine 
should  affect  the  nerves  while  curare  acts  upon  the  muscles;  why  the  common  fowl 
should  be  extremely  insusceptible  to  the  tetanus  toxin  so  powerful  in  many  other  ani- 
mals. We  are  even  ignorant  as  yet  in  most  cases  of  either  the  chemical  or  structural 
changes  in  cells  by  which  the  deleterious  action  of  poisons  is  effected.  This  is  indeed 
not  surprising  when  we  reflect  that  the  processes  which  are  involved  are  of  the  most 
subtle  and  complex  nature  and  that  our  knowledge  of  cell  metabolism  even  under  noi^ 
mal  conditions  is  most  crude  and  fragmentary,  consisting  largely  in  rather  gross  deter- 
minations of  end-products  and  leaving  out  of  the  account  the  numberless  molecular 
transformations  and  combinations  through  which  the  Ufe  processes  of  the  cell  are  car- 
ried on. 

The  living  body-cell  is  very  nicely  adapted  to  its  normal  environment;  the  living 
bacterium  is  almost  equally  sensitive  to  the  conditions  under  which  its  metabolism 
takes  place.  Thus  it  is  that,  when  these  subtle  organisms  react  upon  each  other,  we  are 
wholly  unable  with  our  present  knowledge  to  follow  the  steps  by  which  the  more  gross 
manifestations  of  disturbance  which  we  call  disease  are  reached. 

But  there  seems  to  be  abundant  ground  for  the  belief  that  the  protective  agencies 
which  are  evoked  in  both  natural  and  artificial  immunization  are  simply  those  which 
the  body  makes  use  of  in  its  normal  metabolism,  exaggerated  and  diverted  to  different 
ends,  it  is  true,  in  the  face  of  emergencies  and  the  establishment  of  new  cell  environ- 
ments, but  giving  evidence  of  the  birth  of  no  new  physiological  capacities.  ^ 

1  The  hypothesis  of  Ehrllch,  which  so  closely  correlates  the  action  of  toxins  with  the  assimilation 
of  nutrient  stuff,  has  led  to  new  conceptions  of  the  details  of  the  relationship  of  foods  transformed  by 
the  preliminary  digestive  process  to  the  material  which  is  finally  placed  at  the  disposal  of  the  cells.  It 
seems  not  unlikely  that  through  the  action  of  the  cell  receptors  the  food  material  which  arrives  in  the 
body  fluids  may  not  only  be  adapted  to  the  specific  uses  of  the  cells,  but  that  by  the  formation  of  count- 
less varieties  of  substances  analogous  to  the  so-called  "antibodies"  of  immunization,  the  cells  are  pro- 
tected against  equally  various  toxic  substances.  If  this  be  true,  the  hope  seems  justified  that,  follow- 
ing the  lines  of  research  suggested  by  this  new  technique  we  may  be  able  ultimately  to  understand 
more  clearly  the  details  of  the  so-called  internal  secretion  and  those  disturbances  of  chemical  adjust- 
ment which  give  rise  to  many  important  phases  of  auto-intoxication. 

13 
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Technique. 

Agglutination  Tests. 

For  Micro-organisms. — The  serum  to  be  tested  is  mixed  in  the  proportion  of 
1  c.c.  to  9  c.c.  with  0.8-per-cent.  sodium-chloride  solution,  making  a  dilution  of  I  :  10, 
and  cleared  from  red  corpuscles,  if  necessary,  by  filtration.  From  this  solution  various 
dilutions  are  prepared  in  a  diminishing  series,  1  :  20,  1  :  50,  I  :  100,  etc.  These  solu- 
tions may  be  put  into  slender  test-tubes,  and  to  each  is  added  an  approximately  equal 
quantity  of  a  suspension  in  a  0 . 8-per-cent.  NaCl  solution  of  a  twenty-four-hour-old 
agar  culture  of  the  micro-organism  to  be  tested. 

To  secure  these  suspensions  add  5  to  10  c.c.  of  the  salt  solution  to  the  culture,  dis- 
tribute with  a  platinum  needle,  allow  the  larger  lumps  of  culture  to  settle,  and  pipette 
off  the  turbid  supernatant  portion.  This  suspension  of  the  culture  in  0.8-per-cent. 
salt  solution  is  now  mixed  with  the  diluted  serum  to  obtain  the  requisite  proportions. 
Thus,  1  c.c.  of  the  1  :  10  serum  mixed  with  1  c.c.  of  the  suspension  gives  a  1  :  20  dilu- 
tion; 1  c.c.  of  the  1  :  10  serum  with  2  c.c.  of  the  suspension,  a  1:  30  dilution.  These 
suspensions  of  the  culture  in  the  series  of  tubes  of  diluted  serum  are  now  kept  for  from 
one  to  twenty-four  hours  at  37**  C.  The  clumps  of  bacteria  when  agglutination  has 
taken  place  may  be  seen  by  a  hand  glass.  The  clumps  oftentimes  sink  in  the  tube  and 
the  fluid  becomes  clear.  Microscopic  study  of  agglutination  is  made  by  mixing  the 
diluted  serum  and  the  bacterial  emulsion  on  a  cover-glass  which  is  then  inverted  on  a 
hollow  glass  slide  and  sealed  with  vaseline.  For  special  and  for  diagnostic  purposes 
more  exact  methods  are  required,  for  which  see  works  on  bacteriology  or  on  clinical 
diagnosis.^ 

For  Blood  Cells. — A  demonstration  of  the  agglutinability  of  red  blood  cells 
may  be  made  by  adding  to  a  5-per-cent.  dilution  of  defibrinated  blood  in  0 .  85-per-cent. 
salt  solution,  a  small  quantity  of  an  aqueous  emulsion  of  ricin.  The  blood  cells  soon 
clump  and  settle,  leaving  the  fluid  clear  and  colorless. 

Precipitin  Test. 

While  the  precipitin  or  so-called  biological  test  for  human  blood  has  been  sug- 
gested and  used  in  medico-legal  cases  of  importance,  its  limitations  are  not  yet  fully 
determined  and  one  should  not  enter  upon  its  practical  appUcations  in  cases  of  im- 
portance without  large  experience  of  the  method  and  the  possibilities  of  error.  ' 

For  demonstrative  purposes,  however,  the  technique  is  simple.  A  fragment  of 
blood  clot  to  be  tested  as  to  its  human  origin  is  dissolved  in  a  small  quantity  of  0 . 5- 
per-cent.  salt  solution  and  passed  through  filter  paper  to  secure  a  clear  fluid.  To  this 
solution  in  a  test-tube  is  added  about  twice  the  quantity  of  the  serum  of  a  rabbit  or 
guinea-pig  which  has  been  injected  with  successive  doses  of  human  serum.  This 
adaptive  serum  should  have  been  tested  with  a  known  human  serum  to  insure  its 
reliability.  Control  tubes  should  be  made  containing  mixtures  of  the  several  ingredi- 
ents used  without  the  clot  solution  to  be  tested.  The  tubes  are  now  all  kept  for  one 
hour  at  37°  C,  when  if  the  suspected  clot  is  of  human  blood  the  tube  which  contains 
it  will  show  a  precipitate  while  the  controls  will  remain  clear.  The  charatceristic 
precipitate  should  soon  settle  in  the  tubes,  leaving  the  fluid  clear. 

Haemolysis  Tests. 

In  comparative  observations  on  haemolysis  it  is  convenient  to  make  a  5-per-cent. 

dilution  of  defibrinated  blood  with  salt  solution  0. 85-per-cent.     One  may  use  narrow 

test-tubes,  5  mm.  in  diameter,  putting  into  a  series  of  these  1  c.c.  of  the  diluted  blood, 

adding  to  each  the  serum  or  other  hemolytic  agent  to  be  tested,  and  filling  up  with 

salt  solution  to,  say,  2  or  2 . 5  c.c.    The  tubes  are  shaken  and  placed  for  an  hour  at  37° 

C,  then  in  an  icebox.     A  control  tube  of  the  blood  in  simple  isotonic  salt  solution 

0 . 85-per-cent.  should  accompany  each  series. 

1  Hi«a  and  Zinsser,  "Text-book  of  Bacteriology,  "1910,  or  Wood,  "Chemical  and  Microscopical 
Diagnosis."  1909. 

'For  technical  and  other  details  of  the  precipitin  test,  see  UhlenhiUh  and  Weidam^  Praktische 
Anleitung  zur  AiisfOhrung  des  biologischen  EiweissdifFerenzieningsverfahrens,  1909;  Leera^  Die 
forensische  Blutuntersuchung,  1910. 
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Following  the  suggestion  of  Wright,  tests  for  haemolysis  may  be  made  in  capillary 
tubes,  each  long  tube  containing  several  tests  or  dilutions  by  the  intervention  of  a 
bubble  of  air  between  each  segment  of  the  mixed  test  fluid  and  diluted  blood. 

To  Secure  Sterile  Inflammatory  Exudate  Containing  Leucocytes  and  other  Living  cells. 

It  has  been  found  that  the  injection  of  wheat  gluten  into  the  pleural  cavity  of 
rabbits  or  dogs  induces  an  exudative  inflammation,  the  exudate  usually  containing,  at 
the  end  of  twenty-four  hours,  many  living  leucocytes.  Leucocytes  secured  in  this  way 
have  been  largely  used  in  determining  the  chemical  character  of  their  c3i;oplasm,  as 
well  as  for  experiments  on  phagocytosis.  The  most  convenient  preparation  is  the 
so-called  dUuronat,  a  mealy  food  preparation.  A  convenient  method  is  to  inject  into 
the  pleural  cavity  10  c.c.  of  a  suspensiqn  of  aleuronat  in  starch  water  (aleuronat  5 
grammes;  starch,  1 . 5  grammes;  water,  100  c.c).  The  exudate  may  be  removed  with 
a  capillary  pipette  if  small  quantities  only  are  required,  or  the  animal  may  be  sacri- 
ficed if  larger  quantities  of  the  exudate  are  necessary. 

Polymorphonuclear  leucocytes  may  also  be  secured  in  considerable  quantity  by 
the  injection  of  10  grammes  of  sterile  bouillon  into  the  peritoneum  of  the  rabbit.  The 
exudate  is  removed  at  the  end  of  twenty-four  hours. 

To  secure  an  exudate  containing  a  preponderance  of  mononuclear  cells  one  may 
inject  into  the  peritoneum  of  the  rabbit  a  solution  containing  1  mm.  of  pilocarpin,  the 
exudate  to  be  removed  at  the  end  of  twenty-four  hours. 

The  Study  of  Hflemophagocjrtosis. 

If  the  serum  of  rabbits  adapted  by  successive  injections  into  the  peritoneum  to  the 
blood  of  guinea-pigs  be  injected  into  the  peritoneal  cavity  of  guinea-pigs,  after  a  time 
the  peritoneal  fluid  as  well  as  the  spleen  and  other  blood-forming  organs  are  found  to 
contain  various  cells  which  have  ingested  the  erythrocytes.  The  peritoneal  fluid  may 
be  secured  for  examination  at  various  intervals  by  a  capillary  tube  inserted  into  the 
peritoneal  cavity. 

Hiemophagocytosis  in  vitro  may  be  studied  by  procedures  similar  to  those  em- 
ployed in  the  study  of  bacteriophagocytosis.  (See  opsonins,  p.  186.)  The  serum  of 
an  animal  adapted  to  alien  blood,  if  lytic,  is  deprived  of  this  power  by  destroying  the 
hsmolytic  complement  by  heating  for  half  an  hour  at  60*^  C.  A  small  portion,  say, 
0. 1  c.c.  of  this  serum,  is  now  mixed  with  an  equal  quantity  of  a  5-per-cent.  suspension 
of  washed  red  blood  cells  in  0.85-per-cent.  salt  solution.  To  this  is  added  a  small 
quantity  of  living  leucocytes  of  man  or  of  the  guinea-pig  or  dog  secured  from  citrated 
blood  or,  in  animals,  from  fresh  aleuronat  exudates  (see  above) ,  and  the  mixtures  kept 
for  an  hour  at  37^  C.  Smears  are  then  made  and  stained  with  the  Jenner  or  other 
double  stain.  ^ 

To  Collect  Small  Samples  of  Serum  for  Agglutinative,  Precipitin^  or  Haemolysis  Tests. 
The  suggestions  of  Wright  are  most  helpful  in  the  technique  of  serum  collection 
in  small  quantities.  The  finger  is  constricted  by  the  handkerchief  or  a  bandage,  not 
tightly  enough  to  stop  the  blood  flow,  but  enough  to  induce  marked  congestion;  and 
the  puncture  is  made  by  a  needle  or  a  fine-pointed  glass.  The  drop  of  blood  as  it 
exudes  is  drawn  into  a  small  capsule  of  the  form  shown  in  Fig.  Ill,  held  so  that  it  will 
act  as  a  siphon.  When  partly  filled,  the  ends  are  sealed,  first  the  larger  end,  then  as 
the  air  here  cools,  the  blood  will  be  drawn  back  from  the  capillary  end,  when  this  is 
closed.  The  tube  is  set  slightly  aslant  for  clotting,  after  which  the  serum  may  be 
secured  in  capillary  pipettes  by  breaking  off  the  larger  end  of  the  capsule  after  scratch- 
ing it  with  a  file. 

The  Method  of  Adaptation  of  Animals  to  Alien  Substances. 

The  adaptation,  or  immunization,  as  it  is  called,  of  animals  to  various  alien  sub- 
stances, sera,  red  blood  cells,  etc.,  in  order  to  secure  lytic  agglutinating  and  precipitat- 
ing substances,  is  readily  accomplished.  For  general  demonstration  purposes  the 
rabbit  is  well  suited.     A  simple  and  effective  method  is  by  intraperitoneal  injection. 

^  Se«  Httioen^  Jour.  Inf.  Dis.,  voL  UL,  p.  434,  1906,  and  also  Jour.  Amer.  Med.  Assoc,  vol.  xlvi.,  p. 
1407,  1900. 
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The  lower  left  abdominal  region  is  shaved  and  disinfected  with  lysol.  The  skin  is 
punctured  with  a  scalpel  and  the  slightly  blunted  needle  of  the  syringe  is  introduced, 
care  being  taken  not  to  puncture  the  intestine.  Five  c.c.  of  whipped  blood  or  serum, 
warmed  to  body  temperature,  may  be  injected.  On  the  withdrawal  of  the  needle  the 
part  is  dried  and  the  opening  is  sealed  with  tincture  of  benzoin.  There  is  apparently 
no  discomfort  to  the  animal  in  this  procedure.  The  weight  of  the  animal  may  fall 
slightly  after  the  injection,  but  unless  this  is  considerable  the  dose  may  be  repeated  at 
intervals  of  from  five  to  seven  days,  until  five  or  six  injections  have  been  given.  The 
dosage  in  the  later  periods  may  be  increased,  even  doubled,  if  the  animal  is  in  good 
condition.  After  the  first  three  or  four  injections  a  small  amount  of  serum  may  be 
secured  for  testing  by  opening  one  of  the  ear  veins  after  cleansing  the  part.  The  blood 
may  be  drawn  directly  into  a  Wright  capsule  (see  above),  where  it  is  allowed  to  clot, 
and  the  serum  secured.  If  the  animal  is  toi^e  sacrificed  to  obtain  a  large  quantity 
of  the  immune  sera  it  may  be  bled  into  sterilized  receptacles  by  a  glass  cannula  tied 
into  the  carotid  artery. 

The  above  is  only  a  rough  and  general  description  of  the  method  of  securing  adap- 
tive sera  for  general  purposes  of  demonstration.  For  exact  work  one  must  carefully 
select  animals,  regulate  and  control  dosage,  etc.  For  details  and  many  interesting 
data  consult  NuUallj  "  Blood  Immunity  and  Blood  Relationship,"  1904. 

Bibliography  of  Recent  Studies  on  Immunity. 

For  an  early  admirable  risumS  of  immunity,  consult  article  by  Weigert,  Lubarsch 
and  Ostertag's"  Ergebnisse"  for  1897,  p.  107;  for  a  good  later  summary  see  "Infec- 
tion and  Immunity"  by  MtiUer,  1912,  also  Rickett's  "Infection,  Immunity,  and  Serum 
Therapy,"  1906.  Consult  also  Metchnikoffj  "Immunity  in  Infectious  Diseases," 
Transl.,  1905,  in  which  much  lore  is  gathered  and  many  ingenious  points  of  view  of  the 
author  are  set  forth.  Kolle  and  Wassermann^s  "  Handbuch  der  Mikroorganismen" 
2d  edition,  1912-13,  contains  excellent  summaries  of  various  phases  of  immunity;  as 
does  also  in  more  compact  form  the  "  Experimen telle  Bakteriologie  "  of  Kolle  and  Hetsch, 
3d  edition,  1911.  Many  valuable  reviews  are  contained  in  the  Jahresbericht  fur 
Immunitatsforchung,  Stuttgart.  See  also  Kraus  and  Levadiiij  Technik  u.  Method ik 
d.  Immunitatsforschung;  Much,  Immunitatswissenschaft,  1914,  and  Pfeiffer, 
Eiweissanaphylaxie,  1911. 

The  records  of  the  recent  researches  just  summarized  in  cytolysis  and  the  applica- 
tion of  Ehrlich's  "side-chain"  hypothesis  are  widely  scattered  through  the  German, 
French,  and  English  technical  periodicals.  The  most  important  of  the  studies  of 
Ehrlich  and  his  associates  in  this  field  are  collected  in  the  "  Gesammelte  Arbeiten  zur 
Immunitatsforschung,"  Ehrlich^  English  Transl.  by  Bolduan,  1907,  see  also  Bordetf 
Studies  in  Immunity,  translated  by  Gay,  1909. 

The  summary  of  Aachoff  ("  Seitenkettentheorie  and  ihre  Anwendung  auf  die 
ktlnstliche  Immunizierungsprozesse,"  Zeitsch.  f.  allg.  Physiol.,  Bd.  i.,  Heft  3,  1902) 
is  most  complete  and  contains  a  full  bibliography.  The  monograph  of  v.  Dungem 
("Die  Antikorper,"  1903)  contains  much  valuable  material. 

In  English,  the  Huxley  Lecture  by  Welch  ("Recent  Studies  of  Immunity," 
Medical  News,  October  18th,  1902)  is  admirable,  and  deals  with  especial  fulness  with 
toxins  and  their  relationship  to  various  important  pathological  processes. 

Ritchie' 8  discussion  of  the  subject  (Jour.  Hygiene,  vol.  ii.,  Nos.  2,  3,  and  4,  1902) 
treats  in  a  clear  and  philosophical  fashion  the  facts  and  hypothesis  involved. 

See  also  NuttalVs  book,  "Blood  Immunity  and  Blood  Relationship,"  1904; 
Bolduan'8  "Immune  Sera,"  1907,  and  Hektoen's  "R6sum6  of  Immunity,"  1905. 

For  study  of  Transmission  of  Immunity  to  offspring  see  Theobald  Smith,  Jour. 
Med.  Res.  xvi.,  p.  359,  1907. 

Hiss  and  Zinsser,  "Text-book  of  Bacteriology,"  2d  edition,  1914,  contains  an  ad- 
mirable summary  of  immunity  and  the  immunizing  processes  framed  from  the  stand- 
point of  modern  biology.  See  also  Zinsser,  Infection  and  Resistance,  New  York, 
1914. 

For  a  study  of  the  local  specific  therapy  of  infections  see  Flexner,  Jour.  Am.  Med. 
Assn.,  1913,  Ixi,  447,  1872. 


CHAPTER  IX. 

THE  INFECTIOUS  DISEASES. 

General  Considerations. 

In  the  study  of  the  infectious  diseases  it  is  especially  important  to 
bear  in  mind  that  the  abnormal  processes  through  which  the  disturbances 
incited  by  micro-organisms  are  manifested  are  processes  of  the  body-cells 
and  not  processes  of  the  micro-organisms.  The  micro-organisms  do, 
indeed,  incite  the  train  of  phenomena  by  which  the  disease  is  mani- 
fested, and  the  nature  or  "species'*  of  the  micro-organism  may  largely 
influence  the  character  of  the  phenomena,  but  the  stored-up  energy 
which  is  released  in  this  manifestation  is  body-cell  energy  and  not  that 
of  microbic  metabolism.  The  microbes  are  excitants  of  disease,  but 
the  disease  is  a  performance  of  the  body-cells.  If  these  obvious  con- 
siderations be  held  in  view,  it  will  be  convenient,  in  considering  certain 
of  the  infectious  diseases,  to  use  the  familiar  and  much  abused  term 
"specific"  as  indicative  of  those  phases  of  abnormal  body-cell  per- 
formance which  are  apt  to  occur  in  characteristic  ways  in  response  to 
special  forms  of  microbic  stimulus.  Thus  the  poisonous  substances 
which  the  tubercle  bacillus  builds  up  out  of  the  organic  material  upon 
which  it  feeds  are  in  part  such  as  exert  a  peculiar  influence  upon  con- 
nective-tissue cells,  leading  to  their  proliferation  and  the  temporary 
formation  of  new  tissue — the  tubercle.  This,  together  with  associated 
action  of  the  same  or  other  metabolic  products  of  the  living  bacillus, 
forms  a  group  of  lesions  and  disturbances  which  is  characteristic  of  the 
action  of  the  tubercle  bacillus  in  the  body.  In  this  sense  tuberculosis 
is  a  "specific"  disease.  On  the  other  hand,  the  poisons  eliminated  by 
the  tubercle  bacillus  may  incite  responses  on  the  part  of  the  body-cells 
which  are  practically  identical  with  those  which  many  other  toxic  sub- 
stances, both  of  bacterial  and  of  other  origin  induce — fever,  degeneration, 
etc.  These  manifestations  of  the  action  of  the  tubercle  bacillus  upon  the 
living  body-cells  are  not  "specific." 

In  our  study  of  the  individual  infectious  diseases  we  shall  encounter 
many  examples  of  this  variety  in  the  effects  which  pathogenic  bacteria 
induce — the  more  characteristic,  on  the  one  hand,  and,  on  the  other,  the 
more  general  responses  which  the  body-cells  make  to  deleterious  agents. 

Classification  of  the  Infectious  Diseases. — It  is  common  to  group  dis- 
eases either  from  the  clinical  or  the  morphological  or  the  etiological 
standpoint.  But  a  complete  rational  classification  of  disease  is  not  at 
present  possible,  because  in  very  few  diseases  have  we  even  an  approxi- 
mately complete  knowledge  of  the  symptoms,  the  excitants,  or  the 
morphology  of  the  lesions. 
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In  the  infectious  diseases  as  we  now  define  them,  the  excitant  is 
definite  and  in  many  cases  known,  but  a  classification  based  upon  the 
character  of  the  excitants  alone  would  be,  as  Martins  has  urged,  a  classi- 
fication of  the  micro-organisms  and  not  a  classification  of  the  diseases. 
If  every  micro-organism  capable  of  exciting  disease  always  met  in  the 
body  a  similar  response,  the  matter  would  be  comparatively  sinaple. 
But  the  fact  that  the  responses  of  the  body-cells  to  bacterial  invasion  are 
exceedingly  varied,  and  that  dissimilar  organisms  may  evoke  similar 
responses,  renders  a  simple  etiological  classification  even  of  the  infectious 
diseases  unsatisfactory,  if  not  impracticable.  Thus  it  is  that  it  is  con- 
venient to  consider  the  infectious  diseases  in  part  together,  in  part  in 
connection  with  the  special  organs  in  which  their  more  common  and 
characteristic  lesions  are  manifested.  Such  a  classification  of  the  in- 
fectious diseases  as  is  here  made  is  based  in  part  upon  similarity  of 
lesions,  in  part  upon  the  relationships  of  the  micro-organisms  concerned, 
and  may  wisely  be  regarded  only  as  a  convenient  form  of  catalogue. 

Groups  of  Bacterial  Disease-Excitants. — One  of  the  interesting  results 
of  the  later  studies  of  bacteria  and  their  associations  with  the  infec- 
tious diseases  is  the  discovery  that  many  micro-organisms  which  have 
been  proved  to  be  excitants  of  disease  in  men  or  in  lower  animals  are 
closely  related  to  forms  which  are  not  pathogenic.  So  that  we  now 
recognize  many  bacterial  groups  which  we  are  wont  to  characterize 
by  the  name  of  the  pathogenic  representative.  Thus  there  are  staphy- 
lococcus and  streptococcus  groups  of  closely  similar  organisms,  most 
of  them  harmless  to  man.  There  is  the  colon-bacillus  group,  embrac- 
ing many  closely  related  forms  difficult  to  identify.  The  tubercle-bacil- 
lus group,  the  diphtheria-bacillus  group,  the  actinomyces  or  strepto- 
thrix  group,  are  other  examples  of  this  relationship.  The  more  these 
related  forms  are  studied,  the  more  evident  it  becomes  that  in  very 
slight  physiological  variations  may  lie  the  difference  between  patho- 
genic and  non-pathogenic  forms,  and  that  equally  slight  variations  in 
the  susceptibility  of  the  host  may  be  of  corresponding  significance. 

In  the  arrangement  and  associations  of  the  infectious  diseases  con- 
sidered in  this  section,  the  existence  of  these  bacterial  groups  will  be 
frequently  recognized. 

SUPPURATIVE  AIVD  ALLIED  FORMS  OF  mFLAMMATION. 

We  have  seen  in  an  earlier  part  of  this  book  that  in  various  kinds  of 
injury  in  the  living  tissue  there  may  be  a  series  of  responses  on  the 
part  of  the  body-cells  which  constitute  or  give  rise  to  the  phenomena  and 
lesions  of  inflammation.  One  of  these  forms  of  tissue  response  to  in- 
jury is  called  suppuration  or  suppurative  inflammation. 

We  have  seen  that  the  characteristic  feature  of  suppurative  inflam- 
mation is  the  collection  at  or  near  the  seat  of  injury  of  leucocytes,  mostly 
of  the  polymorphonuclear  type.  These  leucocytes,  attracted  through 
chemotaxis,  emigrate  from  the  smaller  vessels  and  gather  in  the  tissues. 
Here  through  their  phagocytic  powers  they  may  directly  or  indirectly  de- 
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stroy  living  micro-organisms;  by  lytic  substances  which  they  elaborate 
they  may  soften  and  remove  dead  tissues  (see  p.  103);  or  they  may 
themselves  succumb  to  the  action  of  poisons  or  other  local  conditions 
inimical  to  their  life.  While,  to  a  limited  extent,  a  suppurative  inflam- 
mation can  be  incited  by  chemical  agents,  such  as  ammonia,  turpentine, 
etc.,  in  most  cases  it  is  incited  and  sustained  by  micro-organisms  or  by 
poisons  which  these  micro-organisms  set  free  as  the  result  of  their  own 
metabolism  or  by  the  decomposition  of  substances  in  the  tissues  or  the 
tissue  fluids. 

Before  considering  in  detail  the  characteristics  of  the  various  forms 
of  micro-organisms  which  may  act  as  excitants  of  suppurative  inflam- 
mation, it  is  necessary  for  us  to  survey  the  various  phases  which  this 
process  presents  under  different  conditions. 

Phases  of  Suppurative  Inflammation. — In  the  first  place  while  the 
emigration,  proliferation,  and  gathering  of  leucocytes  are  the  most  char- 
acteristic features  in  this  form  of  inflammation,  these  are  always  associ- 
ated with  the  accumulation  of  more  or  less  fluid  transudate  from  the 
blood-vessels  and  often  with  the  formation  of  fibrin.  These,  the  leu- 
cocytes, the  serum,  and  the  fibrin,  constitute  the  exudate.  Further- 
more, associated  with  the  accumulation  of  the  exudate  there  may  be 
albuminous  degeneration  and  necrosis  of  cells  and  tissue  of  the  affected 
part  or  of  the  formed  elements  of  the  exudate  itself.  Finally,  a  pro- 
liferation of  the  fixed  cells  of  the  affected  region,  connective-tissue 
cells,  endothelium,  etc.,  frequently  accompanies  the  exudative  phases 
of  inflammation  and  may  dominate  the  processes  when  regeneration 
and  repair  are  under  way  (see  p.  73). 

Although  the  processes  involved  are  essentially  the  same,  it  has  been 
found  convenient  to  attach  special  names  to  various  topographic  forms 
of  suppurative  inflammation,  the  differences  depending  largely  upon  the 
origin,  situation,  extent,  and  complications  of  the  primary  lesion,  some- 
what, however,  upon  the  qualities,  fixed  or  variable,  of  the  infecting 
micro-organism.  Thus  a  suppurative  inflammation  involving  the  serous 
surfaces  and  resulting  in  the  accumulation  of  a  purulent  exudate  in  the 
serous  cavities,  such  as  the  pleural  and  the  pericardial,  is  called  em- 
pyema. An  exudative  inflammation  of  the  mucous  membranes  with  a 
marked  emigration  of  leucocytes  from  the  vessels  of  the  submucosa  is 
called  a  purulent  catarrh  or  blennorrhcea. 

Pusiides  are  superficial  collections  of  purulent  exudate  in  the  skin. 

Furuncle. — A  furuncle  is  an  acute,  circumscribed,  suppurative,  and 
necrotic  inflammation  of  the  skin,  the  necrosis  commonly  involving  a 
central  plug  or  core.  Furuncles  are  usually  incited  by  Staphylococcus 
pyogenes  aureus,  rarely  by  Streptococcus  pyogenes.  They  are  common 
on  the  neck,  back,  buttocks,  perineum,  and  axilla.  Diabetes,  marasmus, 
and  obscure  nutritional  disturbances,  often  associated  with  worry  and 
overwork,  seem  to  predispose  to  this  form  of  infection.  The  invasion 
of  the  staphylococcus  is  usually  through  the  sebaceous  glands  and  hair 
follicles.  Furuncles  may  be  experimentally  induced  by  rubbing  cul- 
tures of  staphylococcus  over  the  intact  skin. 
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From  the  scat  of  infection  the  in R animation  extends  outward  and 
in  depth  to  a  varying  extent.  The  tissue  becomes  hard  from  infiltra- 
tion of  the  tissue  interstices  with  fluid  and  leucocytes,  by  the  swelling 
of  the  stroma  and  connective-tissue  cells  (Fig.  112).  The  vessels  are 
congested  and  the  central  portions  become  more  or  less  necrotic,  with 
gradual  liquefaction  of  the  tissue  and  the  development  of  pus.  Lym- 
phangitis and  hyperplasia  of  the  associated  lymph-nodes  may  accompany 
furuncles. 

Carbuncle. — If  the  infection  of  several  contiguous  hair  follicles, 
either  immediately  or  in  rapid  succession,  takes  place,  so  that  several 
centres  of  necrosis,  with  surrounding  areas  of  exudative  in6ammation. 
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merge,  the  resulting  lesion  is  called  carbuncle.  The  process  is  essentially 
similar  to  that  involved  in  furuncle,  but  usually  more  severe  and  ex- 
tensive.    Carbuncle  is  common  on  the  neck,  back,  and  face. 

A  diffuse  infiltration  of  the  subcutaneous  or  deep  fibrous  tissue, 
muscle  tendon,  periosteum,  or  of  the  interstitial  tissue  of  the  viscera, 
with  exudate,  is  called  phlegmon.  If  in  this  phlegmonous  inflammation 
there  be  much  serous  fluid  associated  with  the  cell  accumulation,  as  is 
commonly  the  case  in  the  earlier  stages  of  the  process,  the  condition  is 
often  named  purulent  adema.  When,  on  the  other  hand,  there  is  a 
more  or  less  circumscribed  collection  of  purulent  exudate  in  the  depth 
of  the  tissues  or  organs,  associated  with  necrosis  and  fluidification  of 
the  tissues  involved,  it  is  customary  to  call  the  result  of  the  process  an 


In  some  cases  of  exudative  inflammation,  particularly  those  in- 
volving the  serous  surfaces,  the  exudates  often  occur  together  in  the 
most  variable  proportions;  they  are  formed  under  the  influence  of 
the  same  agents,  and  frequently  an  exudate  at  first  simply  serous  in 
character  becomes  fibrinous  or  purulent  or  both  together. 
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Pus  and  Pus  Cells. — It  will  thus  be  seen  that  the  exudate  which  is 
formed  in  suppurative  inflammation  varies  considerably  in  its  composi- 
tion   and   structure.     Primarily,   pus   consistB  of   an  albuminous  fluid 
containing   leucocytes,   some   mononuclears,    most   of   them   polymor- 
phonuclears  (Fig.   113).     While  the   exu- 
date is  in  the  tissue  and  the  conditions  _^,-, 
are    favorable,    these   cells   may   be  alive 
and     without     structural     abnormalities. 
But    often,    and    especially   in   accumula- 
tions, they  present  various  phases   of  de-                  ^^ 
generations — albuminous    or  fatty — or  of      i^iP^   ^^B 
necrosis  and  disintegration.     It  is  on  ac-     '??■''  :- 
count    of    their    relative    frequency    and              ;J"  >j 
abundance  in  purulent  exudates  that  the          113  _p    cbld 
leucocytes  are  regarded   par  excellence  as                   Ikfumh 
pus   cells.      But   other  cells,   as   we  have 
seen,  may  be  present  in  pus;  thus  in  in- 
flammation of  the  serous  membranes,  such 
as  the  peritoneum,   pleura,  etc.,  the  exfoliated  and  proliferated  meso- 
thelial  cells  may  furnish  no  small  part  of  the  cellular  content  of  the 
exudate.     Red  blood  cells,  detached  and  young  connective-tissue  cells 
formed  from  the  old  and  capable  of  emigration,  and  endothelial  cells 
may  be  present  in  considerable  num- 
ber.    In  inflammation  of  the  mucous 
membranes,  also,  the   epithelial   cells, 
either  new-formed  or  simply  exfoliated, 
may  be  abundant.     Furthermore,  pus 
may  contain  a  variety  of  chemical  sub- 
stances and  formed  elements  depend- 
ing upon  the  place  of  its  formation  or 
i^»                         accumulation.      Thus    mucus,    fibrin, 
cell  and  tissue  detritus,  fat,  and  micro- 
oV    *  (                              organisms  may  be  intermingled  with 
-     *  *^                          the  pus  cells. 

Ulcers — in  whatever  way  originat- 
ing (see  p.  58) — may  be  the  seat  of 
suppuration,  the  exudate  passing  off 
upon  the  free  surfaces. 

The  bacteria  which  are  found  in  the 

various  phases  of  suppurative  inflam- 

F.O.  ii4.-sr*»Bi«.cocru,  Ptooc»«      '^'^^^oii  may  He  free  in  the  interstices  of 

AcMsn.  iH  AND  Ahonq  thi  Fob  cslls,      the  tissue  With  the  exudate,  or   they 

rmoUAHAwacnaor-naKxBUt^.  ^^^   j^^  j^^   p^^.^^   within   the  Cells  which 

have  gathered  about  them  (Fig.  114). 
Both  within  and  without  the  cells  the  bacteria  may  present  those 
structural  alterations  which  denote  their  death  and  degeneration  in 
the  struggle  for  existence  to  which  the  two  forms  of  living  beings,  the 
microbes  and  the  body-cells,  are  subjected  under  the  conditions  which 
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mark  infection.  The  local  and  systemic  reaction,  on  the  other  hand, 
and  the  cell  necrosis  which  so  frequently  follows  the  growth  of  microbes 
in  the  body  are  expressions  of  an  unfavorable  environment  to  which  the 
body-cells  as  individuals  and  the  body  as  a  composite  organism  are  sub- 
jected, and  to  which  they  may  successfully  react  or  under  unfavorable 
conditions  may  succumb.* 

In  the  softening  of  tissue  involved  in  the  development  of  abscesses, 
as  well  as  in  the  removal  of  exudates  by  absorption  it  is  probable  that 
the  solution  of  the  formed  elements  of  the  tissues  is  accomplished  by 
the  development  of  lytic — autolytic — substances  {see  p.  106).' 


Fio.  115.— Foe 


Toxaemia. — While  the  various  forms  of  exudative  inflammation  are 
more  or  less  circumscribed,  the  soluble  toxins  which  are  formed  at  the 
seat  of  local  bacterial  growth  may,  without  the  dispersion  of  the  germs 
themselves,  be  diffused  through  the  blood  and  the  other  fluids  of  the 
body,  giving  rise  to  the  symptoms  and  lesions  of  loxmmia — fever  (see 
p.  440)  and  various  other  forms  of  functional  disturbance,  albuminous 
degeneration  of  the  viscera,  focal  necroses,  petechial  hemorrhages,  haemo- 
lysis,' thrombosis,  leucocytosis,  chromatolysis  of  the  ganglion  cells,  etc. 

Of  these  alterations  in  the  body,  which  are  of  frequent  occurrence  in 
many  forms  of  toxaemia,  whether  induced  by  bacterial  or  other  kinds  of 
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poisons,^  the  only  ones  which  demand  special  notice  here  are  the  focal 
necroses.  These  usually  small,  often  sharply  circumscribed  areas  of 
dead  tissue'  may  be  present  in  any  of  the  viscera,  but  are  often  most 
abundant  and  conspicuous  in  the  liver  (Fig.  115).  They  vary  con- 
siderably in  appearance,  depending  upon  the  stage  of  the  tissue  in- 
volvement. The  cells  in  the  affected  area  may  be  swollen,  the  cyto- 
plasm more  transparent  than  normal,  while  the  nuclei  may  remain 
unstained  with  the  usual  dyes  or  show  various  phases  of  fragmentation 
or  disintegration;  or  they  may  disappear  altogether.  Again,  the  cells 
in  the  involved  areas  may  become  more  coarsely  granular  than  is  nor- 
mal, may  undergo  a  change  similar  to  that  seen  in  coagulation  necrosis, 
and  with  destruction  so  the  nucleus  may  form  deeply  staining,  irregular 
clumps  or  masses,  or  may  disintegrate. 

Associated  with  or  following  these  changes  there  may  be  a  gathering 
of  leucocytes  about  and  within  these  necrotic  areas,  so  that  the  foci 
may  present  the  appearance  of  little  abscesses  or  masses  of  lymphoid 
tissue.  Finally,  these  necrotic  areas  may  undergo  repair  and  be  re- 
placed by  small,  spheroidal,  young  connective-tissue  cells,  granulation 
tissue,  or  finally  by  small  masses  of  cicatricial  tissue.' 

Septicaemia  and  Pysemia. — Bacteria  as  well  as  their  toxins  may  be 
distributed  from  a  local  portal  of  entry  or  an  infected  region  throughout 
the  body,  not  only  inciting  general  functional  and  structural  changes, 
but,  when  the  bacteria  lodge  in  various  situations,  giving  rise  by  new 
local  proliferation  to  fresh  foci  of  inflammation. 

It  is  customary  to  designate  a  pathological  condition  in  which 
bacteria  as  well  as  their  toxins  are  distributed  through  the  body  by  the 
blood-  and  lymph-channels,  as  septiccemia.*  When  fresh  suppurative 
foci  develop  as  the  result  of  this  distribution,  the  condition  is  called 
pycemia. 

The  terms  septiccemia  and  pycemia  are  survivals  of  a  nomenclature 
adapted  to  the  period  before  the  nature  of  the  excitants  of  infectious 
disease  was  definitely  known.  The  manifestations  of  septicaemia  were 
then  attributed  to  the  presence  of  putrid  material  in  the  blood.  Pycemia 
expressed  the  belief  that  the  lesions  characterizing  this  condition  were 
due  to  the  presence  of  pus  in  the  blood.  The  term  bactericemia  is  some- 
times and  more  correctly  used  to  indicate  the  presence  of  bacteria  in  the 
blood,  but  the  old  words  with  their  new  implications  and  limitations  are 
still  commonly  employed.* 

^  See  for  effects  of  abrin  and  ricin  intoxication,  Flexner,  Journal  of  Exp.  Med.,  vol.  ii.,  p.  197, 
1897;  abo  MuUer,  Ziegler's  "  Beitr&ge."  Bd.  xxvii.,  p.  331,  1900.  bibl. 

>  It  seems  probable  that  this  marked  localisation  of  the  action  of  a  soluble  poison  in  the  tissue 
fluids  may  be  due  to  some  local  vulnerability  or  susceptibility  induced,  perhaps,  by  limited  vascular 
disturbance  or  by  nutritional  defects  otherwise  induced.  In  some  instances  local  necrotic  foci  may  be 
doe  to  acslutinative  thrombi  (see  p.  26). 

'  For  a  comprehensive  study  of  focal  necrosis  and  other  associated  lesions  in  certain  forms  of  toxae- 
mia consult  the  excellent  study  of  Flexner,  "The  Pathology  of  Toxalbumin  Intoxication,"  Johns 
Hopkins  Hospital  Reports,  voL  vi.,  p.  259,  1897,  bibl. 

*  The  mere  presence  of  a  moderate  or  even  of  a  large  number  of  bacteria  in  the  blood  does  not  of 
itself  indicate  septicnmia,  since  the  protective  mechanism  of  the  body  suffices,  under  usual  conditions, 
for  the  disposal  of  such  an  invasion.  See  ref.  to  Subinfection,  foot-note,  p.  151,  and  to  Schwarz,  foot- 
note, p.  151. 

*  It  has  long  been  known  that  persons  who  have  received  injuries  or  wounds  may  suffer  from  con- 
stitutional symptoms,  among  the  most  marked  of  which  may  be  fever,  and  develop  local  or  disseminated 
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The  term  pyamia,  as  will  be  eeea,  indicates  a  clinical  and  anatomical 
phase  of  aepticiemia. 

The  new  foci  of  suppuration  in  pyaemia  are  called  metastatic  ab- 
scesses, and  in  distribution  these  may  bear  an  obvious  relationship  to 
the  seat  of  the  primary  lesion.  Thus,  in  suppurative  processes  in  the 
intestinal  tract,  metastatic  abscesses  are  liable  to  occur  in  the  liver. 
From  suppurations  in  the  skin,  bones,  muscles,  etc.,  infectious  emboli 
may  be  transmitted  to  the  lungs  and  lead  to  infarction  and  abscess; 
or,  passing  these  organs,  the  germs  may  induce  multiple  abscesses  in 
the  kidneys  and  in  other  viscera. 

It  should  be  remembered  that  the  point  of  introduction  into  the 
body  of  the  offending  germs  may  be  wholly  concealed  and  not  associated 


Fia.  lie.— Micrococci  in  Museb  ih  tbe  Fibbinodh  ExoaxrtOH  or  Ptshic  Plbusist. 

with  any  form  of  demonstrable  external  lesion.     This  is  often   called 

cryplo-genelic  pywmia  or  seplico-pycemia. 

After  death  from  septicaemia  and  pyaemia  there  is  a  considerable 
variety  in  the  poat-mortem  appearances. 

There  are  cases  in  which  there  are  no  recognizable  gross  lesions. 

There  are  cases  characterized  by  early  post-mortem  decompositions; 
post-mortem  staining  of  the  tissues;  congestion  of  the  lungs,  stomach, 
intestines,  and  kidneys;  extravasations  of  blood  in  the  serous  mem- 
branes; swelling  of  the  solitary  and  agminated  lymph-nodules  in  the 
small  intestine;  swelling  of  the  spleen  and  albuminous  degeneration  of 
the  liver  and  kidneys;  chromatolysis  of  the  ganglion  cells  of  the  brain 
and  cord. 

There  may  be  localized  inflammations.  The  joints  and  the  tissue 
about  them,  the  pleura,  the  pericardium,  the  endocardium,  the  perito- 
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neum,  the  pia  mater,  and  the  connective  tissue  in  different  parts  of 
the  body  may  be  inflamed.  These  local  inflammations  are  usually  puru- 
lent, except  in  the  serous  membranes,  where  the  principal  inflammatory 
product  may  be  fibrin  (Fig.  116).  The  veins  in  the  neighborhood  of  the 
wound  may  contain  softened,  purulent  thrombi,  without  infarctions  in 
the  viscera,  while  there  may  be  inflammation  of  the  joints  and  serous 
membranes.  On  the  other  hand,  with  the  venous  thrombosis  there  may 
be  infarctions  and  abscesses  in  the  viscera;  local  inflammations  of  the 
joints  and  serous  membranes  may  be  present  or  absent.  While  thrombi 
are  often  formed  in  the  veins  near  the  wound,  they  may  be  situated  in 
veins  at  a  distance,  and  sometimes,  although  infarctions  and  abscesses 
be  present,  no  thrombus  can  be  discovered.  The  veins  may  be  distended 
by  the  thrombi  or  contain  only  small  coagula.  The  different  kinds  of 
thrombi,  and  the  varieties  of  emboli  and  infarctions  which  they  produce, 
are  described  in  the  section  on  Thrombosis,  p.  24.  Leucocytosis  usually 
accompanies  pyaemia  and  septicaemia  as  well  as  the  suppurative  process 
with  which  they  are  associated.  Studies  of  the  blood  in  various  forms 
of  septicaemia  are  numerous  and  instructive,  but  we  cannot  consider  them 
here.* 

Various  lines  of  research  on  minute  changes  in  cells  which  bacterial 
and  other  poisons  may  induce,  justify  the  expectation  that  more  and 
more  we  shall  be  able  to  associate  characteristic  groups  of  symptoms  in 
toxaemia  and  septicaemia  for  which  there  is  now  no  morphological  basis, 
with  well-defined  cell  alterations.  Among  the  most  striking  of  the 
toxic  cell  lesions  thus  far  studied  in  septicaemia  and  bacterial  toxaemia 
are  those  involving  the  cytoplasm  of  the  ganglion  cells  (see  Nervous 
System). 

THE  PYOGENIC  BACTERIA. 

While  many  species  of  microbes  are  capable  under  favorable  condi- 
tions of  inciting  suppuration  and  other  forms  of 
exudative  inflammation  and  may,  when  they  or 
their  toxins  are  disseminated  in  the  body,  give  rise 
to  toxaemia,  septicaemia,  and  pyaemia,  there  are 
two  forms  which,   on   account  of  their  early  dis- 

j     .  V     •  1    i'         ir  1  Fio.  117. — Staphtlo- 

covery  and  their  relative  frequency,  are  commonly  coccusPtooknes 

considered   as  par  excellence  "pyogenic"   bacteria,  aureus. 

These,  which  are  called  Staphylococcus  and  Strepto-  ^^"^  *  ^^'^  '"**"'^- 
coccus,  we  shall  consider   first. 

Characters  of  Staphylococcus  Pyogenes. 

The  Staphylococcus  pyogenes  aureus  (Micrococcus  pyogenes  aureus)  (Fig.  117)  is  a 
relatively  small  coccus,  the  individuals  varying,  however,  considerably  in  size  (0.4  to 
1.2  /f  in  diameter).  In  its  growth  it  does  not  show  a  characteristic  grouping,  but 
grows  in  irregular  masses  and  heaps  (the  somewhat  crude  resemblance,  when  studied 
under  a  cover-glass,  to  a  bunch  of  grapes  gave  rise  to  the  generic  name) ;  sometimes, 

>  Consult  White  Jour,  of  Exp.  Med.,  voL  iv.,  p.  425, 1899;  also  Adami,  Jour,  of  the  Am.  Med.  Assn., 
Dec  lOtb  and  23d,  1899.  Both  have  bibliography.  See  also  KoUe  and  Wassermann,  "  Mikrooi^anis- 
men. 
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however,  pairs  and  p^ups  of  four  or  ehort  rows  of  the  cocci  are  seen.  The  genu  is 
readily  stained  by  the  amlia  dyes,  and  does  not  lose  its  color  in  Gram's  method  of 
staining.  It  does  not  show  spontaneous  movement,  and,  like  other  spheroidal  forms, 
does  not  appear  to  develop  spores.  It  is  quite  tenacious  ot  vitality,  surviving  long 
drying  and  degrees  of  heat  and  cold  and  an  exposure  to  chemical  bactericides  to  which 
many  pathogenic  germs  readily  succumb.  It  grows  well  at  ordinary  room  tempera- 
ture in  such  artificial  culture  media  as  nutrient-gelatin,  agar,  beef-tea,  and  milk,  and 
on  potatoes,  forming  somewhat  voluminous  raasses  of  culture.  It  rapidly  fluidifies 
gelatin  through  the  formation  of  a  ferment,  it  coagulates  milk,  and  in  the  various 
media  develops  a  yellowish  white  or  a  deep  golden  yellow  color,  whence  its  specific 
name,  aureus,  and  its  common  name,  "golden  coccus."  Its  color-producing  capacity 
is  subject  to  wide  variation.  Staphylococcus  pyogenes  aureus'  forms  in  old  cultures  a 
hffimolytic  substance  which  may  be  demonstrated  in  plate  cultures  mixed  with  red 
blood  cells  (Fig.  121)  or  in  tubes  containing  the  washed  corpuscles  to  which  filtrates  of 
old  bouillon  cultures  have  been  added. 


Effects  of  Staphylococcus  Pyogenes  in  the  Body. — The  virulence  of 
cultures  of  Staphylococcus  pyogenea  obtained  from  different  sources 
varies  considerably,  but,  in  general,  suppuration  is  not  readily  induced 
in  the  lower  animals  by  its  subcutaneous  injection.  Liability  to  sup- 
puration is  greatly  increased  by  mechanical  or  chemical  injury  to  the 
tissues  with  which  the  germ  is  brought  in  contact.  Injection  of  a  viru- 
lent culture  into  the  ear  vein  of  the  rabbit  is  usually  followed  by  multi- 
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pie  abscesses  in  the  kidneys  and  muscles,  by  suppuration  of  joints,  etc. 
(Fig.  118). 

In  man  this  coccus  grows  readily  and  rapidly,  and  may  induce  necro- 
BIS  and  exudative  inflammation,  especially  the  suppurative  phases  (Fig. 
119).  The  lesions  which  it  induces  are  apt  to  be  circumscribed,  but  it 
may  induce  septicfemia  and  pyEemia.  It  may  induce  pustules,  boils, 
and  abscesses,  and  various  suppurative  inOammations  of  the  visceral 
and  serous  membranes,  joints,  bones,  endocardium,  etc.  These  effects 
may  be  induced  by  the  staphylococcus  alone  or  by  it  in  association 
with  other  species  of  germs.  It  is  frequenty  lassociated  with  Strepto- 
coccus pyogenes. 


IN  A  Blood-vessel  OF  TB. 

KlDNII. 

iNDnciHo  A  Small  A-BSCEVi. 

the  dila(«l  and  partially  nee 
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119— MABSMorMicB 


Staphylococcus  pyogenes  aureus  incites  these  changes  in  the  body 
in  virtue  of  certain  toxins  or  toxalbumins  which  are  produced  as  the 
result  of  its  metabolism,  and  which  are  either  at  once  set  tree  or  stored 
up  in  the  body  of  the  germs — endotoxins— until  their  release  by  dis- 
integration after  the  death  of  the  germs.  The  special  power  of  the 
staphylococcus  to  cause  the  gathering  of  leucocytes  is  apparently  due 
to  the  marked  chemotaxic  powers  of  some  of  the  protein  substances  in 
its  protoplasm.  In  its  growth  in  the  body  staphylococcus  may  lead  to 
the  development  of  haemolytic,  agglutinative,  leucocidal,  leucoiytic,  and 
opBonic  substances. 

Portals  of  Entry. — It  may  enter  the  body  through  wounds,  small  or 
luge,  of  the  skin  or  mucous  membranes,  through  sweat  and  sebaceous 
glands  and   hair  follicles,  and  sometimes  through  uninjured  surfaces. 
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In  many  cases  its  mode  of  access  is  not  evident.*     While  usually  this  germ 
dies  in  the  body,  it  may  remain  for  a  long  time  alive. 

Sources. — It  is  widespread  in  inhabited  regions,  especially  in  towns, 
being  frequently  found  on  the  surface  of  the  body,  and  in  the  saliva,  par- 
ticularly of  those  with  acute  or  chronic  catarrh  of  the  upper  air  pas- 
sages. As  the  result  of  the  filthy  habit  of  indiscriminate  public  spitting 
and  unguarded  sneezing,  it  is  common  in  the  dust  of  hospitals,  houses, 
towns,  public  conveyances,  and  places  of  public  assembly.^  It  is  prob- 
able, however,  that  the  larger  part  of  the  acute  staphylococcus  infections 
are  incited  by  organisms  derived  directly  or  indirectly  from  others 
already  infected. 

Susceptibility. — In  man  there  may  be  a  susceptibility  to  Staphy- 
lococcus pyogenes  associated  with  a  general  disease,  diabetes  for  example. 
On  the  other  hand,  local  susceptibility  in  man  is  of  frequent  occurrence. 
In  the  so-called  furunculosis  and  in  carbuncle,  local  areas  of  inflamma- 
tion may  develop  and  persist  for  long  periods,  fresh  foci  developing 
as  the  older  ones  heal.  In  some  instances  this  local  vulnerability  is 
apparently  associated  with  minor  local  injuries,  such  as  the  friction  of 
garments  at  the  back  of  the  neck  or  pressure  and  friction  in  the  gluteal 
regions.  Sometimes,  however,  the  local  vulnerability  appears  to  arise 
from  disturbances  in  the  sebaceous  and  sweat  glands  and  hair  folli- 
cles, leading  to  stagnation  of  secretions  in  which  the  bacteria  long  per- 
sisting on  the  surface  find  lodgment  and  conditions  favorable  to  their 
development. 

The  studies  of  Wright  have  indicated  that  in  cases  of  carbuncle  and  furunculosis 
the  opsonic  index'  for  the  special  strain  of  staphylococcus  concerned  may  be  low,  and, 
further,  that  the  raising  of  this  by  the  injection  of  emulsions  of  the  dead  bodies  of  these 
organisms — vaccines  of  Wright — may  lead  to  a  rapid  immunization  of  the  individual, 
marked  by  a  rise  in  the  opsonic  index  of  his  serum  and  the  speedy  decline  of  the  local 
inflammatory  reaction. 

Other  Forms  of  Staphylococcus. 

Not  all  the  yellow  staphylococci  found  in  dust  and  on  the  person  are  pathogenic. 
These  may  be  indistinguishable  from  the  infective  forms  by  the  usual  culture  methods. 
They  may,  however,  be  differentiated  not  only  by  their  innocuousness  to  animals, 
but  in  their  failure  to  develop  in  these  either  agglutinative  or  leucolytic  substances. 

Staphylococcus  pyogenes  albus. — This  appears  to  be  a  variety  of  the  Staphylo- 
coccus pyogenes  which  does  not  develop  the  yellow  color  in  cultures.  It  is  of  frequent 
occurrence  both  in  connection  with  the  aureus  and  alone.  Its  action  on  the  body  is 
similar,  but  it  has  seemed  to  many  observers  to  be  in  general  less  virulent. 

Staphylococcus  epidermidis  albus. — ^This  coccus  has  been  described  by  Welch  as  of 
frequent  occurrence  in  the  epidermis,  and,  although  of  rather  feeble  pyogenic  power, 
yet  seems  frequently  to  cause  small  stitch-abscesses  and  moderate  suppuration  along 
drainage  tubes.  Welch  regards  it  as  possibly  a  variety  of  Staphylococcus  pyogenes 
albus. 

Other  forms  of  staphylococcus  have  been  described — S.  salivarius  pyogenes,  S 
cereus  albus  and  flavus — but  they  are  apparently  of  little  pathological  significance.^ 

1  For  a  riaumi  of  the  r61e  of  S.  pyogenes  aureus  in  the  skin  disease,  with  bibl.,  see  WhiU^  Boat 
Med.  and  Surg.  Jour.,  vol.  cxli.,  p.  235,  1^99. 

*  For  bibliography  of  S.  pyogenes  aureus  consult  article  by  Neieser  in  KoUe  and  Wassermsnn'fl 
**Handbuch  der  Mikroorganismen,"  2d  edition,   1912,  Bd.  iv.,  355. 

'  See  p.  187. 

*  For  a  study  in  differentiation  between  pathogenic  and  saprophytic  staphylococci  see  GdiM, 
Ztschr,  f.  Hygiene,  etc.,  1913,  Ixxvi.,  282. 
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Charactbrs  of  the  Streptococcus  Pyi 


The  SlrepUKoecus  pyogenes  (Micrococcus  pyogenes)  is  diatinguiahed  morphologi- 
cally from  the  cocci  just  described  by  the  marked  tendency  which  the  individuals 
exhibit,  when  growing,  to  hang  together  in  longer  or  shorter  chains  (Fig.  120).  It  is, 
lilce  the  Staphylococcus  pyogenes,  immobile,  and  stains  easily  in  the  same  way.  By 
a  special  method  Hiss  has  demonstrated  a  capsule  on  streptococci.' 

It  grows  readily,  but  more  slowly  than  Staphylococcus  pyogenes,  on  the  ordinary 
culture  media.     It  does  not  fluidify  gelatin,  on  which  it  grows  as  small,  inconspicuous, 
grayish  white  colonies.    On  the  surface  of  agar  plates  kept  in  the  thermostat  at  37°  C. 
for   twenty-four  hours,  the  small   grayish   colonies 
usually    show,    under    the   microscope,    loops   and 
fringes  of  the  chain-like  cocci  extending  off  from  the 
borders.     The  growth  on  potatoes  is   inconspicuous. 
In  nutrient  broth  it  usually  forms  delicate,  flocculent 
masses,  which  cling  to  the  sides  of  the  tubes,  leaving       ' 
the  fluid  clear.     Occasionally  the  masses  of  strepto- 
cocci are   dense  and   compact.       Not    infrequently 
the  growth  is  diffused  through  the  nutrient  broth, 
rendering  it  turbid.      When  in  vigorous  growth  it 
coagulates  milk  and  develops  slight  hemolytic  power.*  Fio.  120.— Strketococcu* 

Under     the    t«rm    streptococcus     are    included  Piogbmm. 

several    closely    related    forms:     the    Streptococcus  From  a  broth  culture. 

longus   or   pyogenes,   which   is   the    organism   hrst 

described  as  a  streptococcus,  and  the  inciting  agent  in  erysipelas;  the  Streptococcus 
viridans,  which  has  been  isolated  most  often  from  casas  of  endocarditis,  but  also  from 
cases  of  other  infections,  and  has  for  itschicf  characteristic  the  power  to  cause  luemolysia; 
the  Streptococcus  muoosus  or  capsulatus,  which  occurs  in  a  certain  number  of  caaesof 
pneumonia  and  quite  frequently  in  cases  of  middle-ear  disease,  and  has  but  little 
hemolytic  power  though  resembling  the  pneumococcus  in  its  great  pathogenicity 
for  white  mice.' 


Effects  of  streptococcus  Pyogenes  in  tlie  Body. — Streptococci  which 
give  evidence  of  little  virulence  in  animal  inoculation  are  very  common 
in  the  mouths  of  healthy  persons.  The  significance  of  these  germs  in 
healthy  mouths  is  not  yet  clear. 

The  results  of  animal  inoculation  with  the  Streptococcus  pyogenes 
are  in  general  similar  to  those  with  the  Staphylococcus  pyogenes  aureus. 
The  streptococcus  is  very  frequently  associated  with  the  staphyloccocua 
both  in  its  distribution  outside  the  body,  in  healthy  persons,  and  in 
disease.  In  general  it  may  be  said  that  the  streptococcus  incites  those 
forms  of  suppuration  and  fibri no- purulent  inflammation  which  tend  to 
spread  both  locally  and  through  metastasis. 

Streptococcus  pyogenes  has  been  found  either  alone  or  in  association 
with  staphylococcus  in  a  large  number  of  suppurative  and  other  in- 
flammatory processes  in  various  parts  of  the  body;  the  condition  in  some 
cases  receiving  special  names,  in  others  not.  Thus,  in  boils  and  car- 
buncles, in  abscesses  and  phlegmons,  in  herpes,  impetigo,  and  panaritium, 

1  Hilt.  Science,  Much  Tlh,  1902,  p.  367^  Jour.  Eiper.  Med.,  1901-05.  vi..  317. 
'  For  bcmolysis  ol  strep lococciu  nee  Schltiingcr,  Zcit.  f.  Hyg..  [903.  xUv.,  42S. 
'ForsreceniMuilyLodiffBreiitistioiiof  BtrepUicoccL  see  Hoptin*.  Jour.  Infect.  DLh.,  1914.  iv.  (July.) 
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in  phlebitis  and  lymphangitis,  in  erysipelas,  in  suppurative  inflamma- 
tion of  various  mucous  and  serous  membranes,  especially  of  the  throat 
and  the  gastro-intestinal  canal,  and  of  the  bones  and  joints,  in  some 
forms  of  bronchitis  and  pneumonia,  in  puerperal  and  other  forms  of 
septicaemia,  in  the  pustules  of  smallpox,  one  or  other  or  both  of  these 
germs  are  frequently  concerned.' 

One  of  the  most  important  features  of  the  relationship  of  Streptococ- 
cus pyogenes  to  man  is  the  frequency  with  which  it  enters  as  a  codcut- 


FlO.    121.— HjtUOLTBtB   BT   StHE PTDCOCCHS   Ptoobhes. 

'  Tbs  streptDCOCviu  wu  cultivsled  in  a  culture  medium — gelatin — with  which  red  blood  celb  wen 
mixed.     Around  each  colony  the  color  baa  left  the  red  blood  c«lli  and  is  diffused  through  the  pUIa. 

rent  pathogenic  agent  in  already  established  infectious  diseases  due  to 
other  forms  of  micro-organisms.  Thus,  some  of  the  moat  serious  com- 
plications to  which  the  victims  of  scarlatina,  diphtheria,  typhoid  fever, 
and  pulmonary  tuberculosis  are  liable  are  due  to  the  action  of  the  strep- 
tococcus in  the  body  rendered  unusually  vulnerable  by  the  existence  of 
another  form  of  infection. 

The  serum  of  individuals  adapted  (immunized)  to  streptococci  may 
agglutinate  the  homologous  micro-organisms.' 

Streptococci,  which  upon  their  isolation  from  the  body  in  suppurative 
or  other  infectious  processes  are  very  virulent,  usually,  and  sometimes 


f.  Hya,  u.  Infkr,,  Bd.  «liv.,  1903.  t 
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very  quickly,  partially  or  wholly  lose  this  virulence  under  artificial 
cultivation.  On  the  other  hand,  cultures  of  streptococci  which  have 
largely  lost  virulence  under  artificial  cultivation,  or  whose  initial  viru- 
lence was  slight,  may  experience  a  great  exaltation  of  virulence  by  a 
long  succession  of  inoculations  from  animal  to  animal.^ 

In  streptococcus  infections  hsemolytic,  agglutinating,  and  opsonic 
substances  may  be  formed  in  the  body. 

Artificial  Immunity. — The  metabolic  products  formed  by  virulent 
streptococci  growing  in  nutrient  broth  have  been  found  to  induce  in  an- 
imals the  symptoms  of  toxsemia.  The  results  of  preliminary  experiments 
on  immunization  with  these  toxic  products,  and  the  dead  and  living 
bodies  of  the  germs  and  the  use  of  the  blood  serum  of  the  immune 
animal  for  therapeutic  purposes,  are  complex,  and  along  the  present 
lines  of  work  apparently  not  very  promising. 


SEPTIC  SORE  THROAT. 

There  have  been  known  for  some  time  in  England,  and  recently  have 
occurred  in  several  localities  in  the  United  States,  serious  epidemics  of 
inflammation  of  the  throat  and  tonsils  associated  with  particular  milk 
supplies.  The  milk  apparently  is  contaminated  by  a  streptococcus  from 
the  inflamed  udder  of  cows  or  from  the  throats  of  the  milk  handlers. 
This  organism  closely  resembles  Streptococcus  pyogenes  and  has  been 
called  Streptococcus  epidemicus.- 


ERYSIPELAS. 

Erysipelas  is  a  diffuse  inflammation  of  the  skin  and  subcutaneous 
tissue  which  tends  to  spread,  and  is  characterized  locally  by  swelling  of 
the  tissue  and  a  bright  red  color  of  the  integument.  It  is  usually  accom- 
panied by  constitutional  disturbances,  the  most  marked  of  which  is 
fever.  The  morphological  changes  at  the  seat  of  lesion,  as  we  see  them 
after  death,  vary  considerably  in  different  cases  and  in  different  stages 
of  the  disease.  The  redness  of  the  skin  usually  disappears  after  death. 
But  the  tissues  may  be  swollen  by  the  accumulation  of  serous  fluid. 
This  fluid  may  be  nearly  transparent,  or  turbid  from  admixture  with 
pus  cells  (Fig.  122).  Pus  cells  may  infiltrate  the  tissues  either  sparsely 
or  in  dense  masses.  Fibrin  may  be  present,  abscesses  may  form.  Some- 
times vesicles  or  scabs  are  found  on  the  surface,  or  the  affected  region 
niay  become  gangrenous.  Aside  from  the  local  lesions,  there  may  be 
toxaemia  marked  by  petechia  in  the  serous  membranes,  swelling  of  the 
spleen,  focal  necroses,  and  albuminous  degeneration  in  the  kidneys  and 
liver. 

^  For  bibliocrniphy  of  streptococcus  consult  the  article  by  v.  Lingelsheim,  in  Kolle  and  Wasser- 
namn's  "Handbuch  der  Mikroorganismen."  Bd.  iv.,  p.  453,  2d  edition;  for  a  study  of  the  action  of  the 
toxin  on  various  parts  of  the  body  see  Homin  and  others,  Ziegler's  "  Bcitr^ge."  Bd.  xxv.,  1899. 

'  For  a  summary  of  such  epidemics  and  a  study  of  the  streptococcus  »ee  North,  Jour.  Infect.  Dis., 
WU.  xiv.,  124. 
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The  most  common  excitant  of  eryaipelas  is  Streptococcus  pyogenes,' 
This  organism  may  be  present  in  large  numbers  in  the  lymph- vessels, 
especially  in  the  borders  of  the  inflamed  region.  The  reasons  for  the 
clinical  peculiarities  of  this  phase  of  inflammation  are  not  yet  very  clear. 

UfPECnODS    PSEUDO -MEMBRANOUS    raFLABIMATIOH    OF    MUCODS    HEH- 
BRABES.     (Pseudo -Diphtheria;  Diphtheroid  Au^na;  Hetnbranous  Angina.) 

Under  a  variety  of  conditions,  as  during  scarlatina  and  measles, 
whooping-cough,  typhoid  fever,  etc.,  or  entirely  apart  from  any  compli- 
cating disorder,  an  acute  exudative  inflammation  of  the  mucous  mem- 


branes, especially  of  the  upper  air  passages,  occurs,  which  is  associated 
with  and  is  apparently  induced  by  the  growth  of  Streptococcus  pyog- 
enes.' There  may  be  much  or  little  fibrinous  exudate;  there  may  in 
early  stages,  or  even  throughout,  be  none  at  all.  The  pellicle  when  formed 
may  be  loose  or  adherent,  sharply  circumscribed  or  tending  to  spread. 
The  submucous  tissue  may  show  little  change,  or  may  be  congested  and 
redematous,  or  may  be  the  seat  of  suppurative  inflammation  (see  Fig.  123), 
necrosis,  or  gangrene.  The  process  may  be  confined  to  the  tonsils. 
While  under  these  varying  conditions  the  inflammatory  process  is  usually 
a  local  one  and  runs  its  course  with  or  without  the  symptoms  of  septice- 
mia, occasionally  the  streptococcus  which  enters  the  blood  may  induce 
the  lesions  of  pyiemia.  On  the  other  hand,  it  may  by  aspiration  gain 
access  to  the  lungs  and  induce  varying  phases  of  complicating  broncho- 
pneumonia. The  Staphylococcus  pyogenes  is  not  infrequently  associated 
with  the  streptococcus  in  these  lesions,  but  is  not  apparently  of  primary 
significance. 

Simulating  very  closely,  as  it  does  in  many  cases,  both  the  local  and 

'  In  the  early  daya  of  motlani  baclerialogy  the  "Fhnin"  coccus  which  was  dbcoTered  in  tfaeexu- 
<i4t«  of  eryai|>eLa3  wag  thought  1o  beer  a  peculiar  relatianahip  to  this  clioical  form  of  phl^^n^onousiDAim' 
matioD  and  wna  called  by  FeMeiten  Streptococcus  eo'sipctalia,  but  it  has  nan  been  definitely  identified 
with  the  S.  pyogenes. 

'Pruddcn.  Med.  Record,  ISgi;  Bagintki/.  D.  Med.  ZeiU.,  1900. 
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general  phenomena  of  diphtheria,  this  disorder  has  formerly  been'con- 
fouDded  with  it,  and  has  only  recently  been  recognized  as  a  distinct 
phase  of  disease.  It  is  now  most  frequently  called  pseudo-diphtheria. 
It  seems  in  part  to  cover  the  condition  formerly  known  as  croup,  in  part 
those  cases  formerly  thought  to  be  mild  diphtheria.  In  many  phases  of 
acute  angina,  and  in  many  cases  of  follicular  tonsillitis,  streptococci 


la  thii  «se  than  a  purulent  InEltistion  of  the  mucosi 
Bbiia:  d,  portkiii  of  muoouB  gland  iufiltratod  with  pua. 

have  been  found  in  large  numbers-  Other  bacteria,  either  alone  or  in 
a88ociation  with  the  pyogenic  cocci,  may  be  excitants  of  pseudo-mem- 
branoua  as  well  as  simple  angina. 

OTHER  BACTERIA  WHICH  ARE  FREQUENT  EXCITANTS  OP  SDPPDRATION. 

While  the  Staphylococcus  pyogenes  and  Streptococcus  pyogenes  are 
the  most  common  excitants  of  local  suppuration  with  and  without 
toziemia  and  septicsemia,  such  conditions,  as  we  have  seen,  are  not  in- 
frequently due  to  other  micro-organisms.  Among  these  we  may  men- 
tion here  as  the  more  common  and  important: — Diplococcua  pneumonise, 
the  gonococcus.  Micrococcus  tetragenus,  Bacillus  pyocyaneus,  the  colon 
and  the  typhoid  bacillus,  the  bacillus  of  glanders,  the  tubercle  bacillus, 
the  pneumo-bacillus  of  Freidlander,  the  diplococcua  of  cerebrospinal 
meningitis,  Bacillus  pyogenes  fretidus,  and  Actinomyces  with  its  related 

In  some  of  these  organisms  the  pyogenic  qualities  in  their  relation- 
BhipB  to  human  infections  are  most  conspicuous;  in  others,  the  reaction 
of  the  body  to  their  presence  is  such  as  to  justify  a  special  name.     The 
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latter  is  particularly  noteworthy  in  the  case  of  the  pneumococeus,  the 
gonococcus,  glanders,  typhoid,  and  tubercle  bacilli,  diplococcus  menin- 
gitidis, and  actinomyces. 

Many  other  micro-organisms  may  be  excitants  of  suppurative  inflam- 
mation in  man  as  well  as  in  the  lower  animals  under  experimental 
conditions,  but  this  exceptional  reaction  of  living  tissues  does  not  fall 
within  the  scope  of  this  work,  which  deals  primarily  with  such  tissue 
reactions  as  may  occur  under  the  usual  conditions  of  Ufe. 

The  Bacillus  Coli  Communis  and  the  Colon  Group. 

The  Bacillus  coli  communis  is  an  organism  so  commonly  present  in  the 
intestines  under  normal  conditions  as  to  be  usually  called  the  "colon 
bacillus."  It  is  motile,  facultative,  aerobic,  asporogenous,  considerably 
resembling  in  general  form  the  typhoid  bacillus  (see  p.  235).  It  grows 
readily  in  artificial  .cultures  and  does  not  fluidify  gelatin.  It  has  been 
repeatedly  found  under  such  conditions  in  connection  with  suppurative 
processes  as  to  justify  the  belief  that  it  is  often  their  excitant. 

It  has  been  found  in  various  forms  of  peritoneal  suppuration,  both 
with  and  without  such  lesions  of  the  intestine  as  would  obviously  permit 
of  its  egress;  in  appendicitis;  in  suppuration  about  the  gall-ducts;  in 
hflemorrhagic  pancreatitis;  in  inflammatory  processes  in  the  genito- 
urinary apparatus;  frequently  in  the  bladder,  in  the  pericardium  and 
pleura,  and  it  is  believed  to  be  concerned  in  certain  types  of  diarrhoea. 
It  is  often  concerned  in  terminal  infections. 

Local  infection  with  this  organism  is  often  associated  with  serious 
toxaemia  and  septicaemia.  Intravascular  injections  of  virulent  cultures 
in  rabbits  are  usually  followed  by  symptoms  and  lesions  of  septicaemia. 
Introduced  subcutaneously  and  intraperitoneally,  it  may  excite  local 
suppuration  or  sero-fibrinous  inflammation,  often  haemorrhagic  in  char- 
acter, terminating  fatally.* 

It  is  not  possible  to  indicate  very  definitely  all  the  conditions  under 
which  the  colon  bacillus,  an  ordinarily  harmless  intestinal  saprophyte, 
may  gain  access  to  the  tissues  and  become  actively  pathogenic.  Whether 
it  is  special  strains  of  the  bacillus  coming  in  from  without  which  are 
pathogenic,  or  whether  the  ordinary  forms  assume  virulent  capacities 
under  unknown  conditions,  we  cannot  tell  to-day.  It  appears  in  any 
event  that  very  slight  damage  to  the  mucous  membrane  of  the  intes- 
tinal tract  which  may  permit  the  exit  of  the  germs,  or  the  existence  of 
damaged  tissues  elsewhere  in  the  body — in  the  kidney,  ureter,  perito- 
neum, etc.,  for  example — favor  infection  with  this  organism.  To  what 
extent  a  reduction  in  efficiency  of  the  protective  fluids  of  the  body 
may  determine  infection  we  cannot  say  with  certainty.  Shortly  after 
death  the  colon  bacillus  may  pass  from  the  intestine  into  the  tissues. 
The  possibility  of  this  post-mortem  invasion  should  be  borne  in  mind 

^  For  detfidls  concerning  B.  coli,  see  Conradi  and  Bierast^  KoIIe  and  Wassermann's  "Handbuch  der 
Mikroorganismen,"  2d  edition,  1913,  vi.,  483. 
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in   cultures  from  the  dead  body,  since  it  may  readily  and  doubtless 
often  has  given  rise  to  errors  in  diagnosis. 

The  Colon  Group. — There  are  so  many  organisms  so  closely  resembling 
the  colon  bacillus  in  their  morphological  and  biological  characters 
that  it  has  been  found  convenient  to  consider  them  as  possible  variations 
of  one  form  and  to  speak  of  them  collectively  as  the*  "  colon  group." 
The  differentiation  between  the  individual  members  of  this  group  and 
between  these  and  the  typhoid  bacillus  has  presented  many  difficulties 
to  bacteriologists  and  given  rise  to  much  technical  finesse.  It  is  now 
possible  to  differentiate  between  members  of  the  colon  group  and  the 
typhoid  bacillus  and  to  separate  them  in  cultures  (see  ref .  to  Hiss,  p.  246.) 

The  Bacillus  Pyocyaneus. 

The  occurrence  of  brilliant  greenish  or  bluish  pus  in  superficial  wounds 
has  been  noted  for  over  a  century,  although  the  organism  causing  it  was 
unknown  until  its  isolation  by  Gessard  in  1882.  The  organism  was  not 
regarded  as  possessing  any  special  pathogenic  qualities  until  1898  when 
Charrin  published  a  study  of  the  disease  induced  by  its  growth,  under  the 
name  "La  maladie  pyocyanique.''  His  observations  were  confirmed  by 
Schimmelbusch,  and  since  that  time  the  Bacillus  pyocyaneus  has  been 
recognized  as  a  widespread  organism  occurring  in  air,  dust,  water,  and  the 
intestinal  contents  of  man  and  animals,  and  regularly  infesting  the  skin  of 
the  human  body,  especially  the  axillary  and  inguinal  folds.  It  is  also 
found  saprophytically  in  the  external  auditory  meatus.  Its  occurrence 
has  been  noted  in  purulent  otitis  media,  in  acute  throat  infections,  in 
endocarditis  and  pericarditis,  in  inflammations  of  the  urinary  tract,  in 
meningitis,  in  bronchopneumonia,  and  in  gastrointestinal  disturbances  in 
infants  and  adults.  A  moderate  number  of  cases  of  general  infection  with 
isolation  of  the  organism  from  the  circulating  blood  have  been  reported. 
It  is  frequently  found  in  the  blood  post-mortem,  but  its  presence  is  then 
considered  to  be  due  to  a  terminal  invasion  from  the  intestinal  tract  and 
not  to  a  true  infection.  The  infection  by  the  organism  of  superficial  wound 
especially  abdominal  incisions  for  the  drainage  of  appendical  abscesses 
is  frequent;  as  a  rule,  however,  it  merely  delays  the  healing  process  and 
does  not  seem  to  play  a  more  active  part.  In  closed  cavities,  on  the 
contrary,  it  is  highly  pathogenic.  Among  the  more  marked  lesions  which 
are  usually  present  in  cases  of  pyocyaneus  infection  are  albuminous 
degeneration  of  the  viscera,  focal  necroses,  hyperplasia  of  the  lymph-nodes, 
haemorrhages,  and  especially  superficial,  circumscribed,  or  diffuse  necrosis 
and  ulceration  in  the  intestinal  mucous  membrane.  The  most  striking 
characteristic  is  the  haemorrhagic  nature  of  the  lesions. 

Characters  of  the  Organism. 

The  Bacillus  pyocyaneus  is  a  slender  rod,  is  motile,  and  is  negative  to  Gram. 
It  grows  readily  on  artificial  media,  liquefies  gelatine,  and  ultimately  forms  pig- 
ment.    It  is  highly  pathogenic  for  rabbits  and  guinea-pigs.  ^ 

^  For  further  details  see  Vom,  Der  Bacillus  pyocyaneus  im  Ohr.,  Berlin,  1906;  and  Heller  and  Leph'e^ 
KoUe  u.  Wassermann,  Uandbudi,  2d  edition,  1913,  v.,  1185. 
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Bacillus  Mucosus  Capsulatus  (Friedldnder  BaciUiLs). 

In  a  small  proportion  of  cases  of  lobar  and  lobular  pneumonia,  and 
in  a  few  cases  of  exudative  inflammation  of  the  pleura,  pericardium, 
meninges,  nose,  throat,  and  middle  ear,  this  short,  encapsulated  bacillus 
has  been  found.  It  is  sometimes  found  alone,  but  in  pneumonia  is  often 
associated  either*  with  the  pneumococcus  or  with  the  pyogenic  cocci.  It 
has  been  found  in  the  nasal  secretion  and  mouths  of  healthy  persons. 
While  belonging  definitely  among  the  bacilli,  it  so  frequently  occurs  in 
the  form  of  very  short  rods  or  ovals  or  short  chains  that  it  was  formerly 
thought  to  belong  among  the  cocci.  It  is  readily  cultivated  on  artificial 
media  and  is  slightly  pathogenic  for  certain  animals. 

It  seems  highly  probable,  rather  than  proven,  that  it  may  be  at  least 
partially  responsible  for  the  lesions  with  which  it  is  infrequently  asso- 
ciated in  man.  This  germ  was  formerly  believed  to  be  of  great  impor- 
tance in  connection  with  acute  lobar  pneumonia,  and  for  a  time  was 
generally  spoken  of  as  the  pneumococcus  of  Friedlander.  It  is  now 
known  not  to  be  a  coccus,  and  is  certainly  of  subordinate,  though  occasion- 
ally serious,  importance  in  inducing  inflammation  of  the  lungs.  ^ 

Micrococcus  Tetragenus. 

This  organism  has  been  many  times  found  about  the  mouth  and 
respiratory  tract,  especially  in  connection  with  suppurative  processers 
tuberculous  cavities,  etc.  It  has  been  found  also  in  metastatic  abscesses. 
While  not  very  virulent  it  is  apparently  an  occasional  excitant,  eithe, 
alone  or  with  other  organisms,  of  suppuration.* 

Characters  of  the  Organism. 

It  is  a  coccus  about  1  /*  in  diameter,  usually  occurring  in  groups  of  four.  These 
tetrad  groups  may  be  encapsulated.  It  stains  by  Gram's  method,  and  is  readily 
cultivated  on  artificial  media.  It  forms  a  dense  whitish  growth  on  gelatin,  which  it 
does  not  fluidify.  Septicsemic  lesions  with  local  suppuration  may  be  induced  in  guinea- 
pigs  by  subcutaneous  injection  with  cultures. 

The  Proteus  Group  of  Bacilli. 

This  is  a  large  and  in  the  economy  of  nature  an  important  group  of 
bacilli  much  concerned  with  the  putrefactive  processes. 

Characters  of  the  Group. 

The  bacilli  of  this  group  may  be  aerobes  or  facultative  anaerobes.  They  are  of 
medium  size,  asporogenous,  and  while  staining  readily  with  ordinary  dyes  are  apt  to 
be  decolorized  by  the  Gram  method.  While  the  organisms  of  this  group  are  bacilli, 
they  often  present  considerable  variation  in  form  as  they  grow,  sometimes  being  very 

»  Howard,  Philadelphia  Medical  Journal,  vol.  i.,  p.  336,  1898;  Stuhlem,  Cbl.  f.  Bak.,  Abt.  I.,  Orig. 
Bd.  xxxvi.,  p.  493,  1904;  Perkins,  Jour.  Infec.  Dis.,  vol.  i.,  p.  241,  1904. 

*  For  risumi  of  the  significance  of  M.  tetragenus  and  for  bibliography  consult  LartxgaUt  Phila. 
Med.  Jour.,  Apr.  22d,  1899. 
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short  so  as  to  resemble  cocci,  sometimes  forming  threads  which  may  be  so  bent  as  to 
suggest  spirals.  Their  growth  on  solid  media  is  especially  characterized  by  the  ten- 
dency to  send  runners  from  the  central  growth  out  into  the  surrounding  media,  thus 
establishing  secondary  growth  centres.  They  are  particularly  sensitive  to  environ- 
ment, so  that  physiological  as  well  as  morphological  variations  are  frequent.  It  is  for 
these  reasons  that  the  name  Proteus  has  been  given  to  the  group  and  to  various 
species.  The  limitations  of  the  named  species  are,  however,  in  many  cases  quite  ill 
defined. 

One  of  the  most  common  forms  has  been  called  Proteics  vulgaris. 
While  this  bacillus  is  very  widespread,  it  is  only  occasionally  the  exci- 
tant of  pathological  processes  in  man,  and  then  almost  always  in  concur- 
rence with  other  organisms,  usually  the  pyogenic  cocci.  Under  these 
conditions  a  suppurative  inflammation  with  foul  exudate  is  apt  to  de- 
velop. Thus  it  has  been  found  in  purulent  peritonitis  and  endometritis, 
in  pleurisy  and  in  phlegmonous  inflammation  in  various  parts  of  the 
body.  Although  this  bacillus  is  not  apt  to  grow  in  the  human  body, 
except  in  association  with  other  micro-organisms  which  may  damage 
the  tissues  or  in  tissues  already  vulnerable  from  injury,  it  may  in  the 
bladder  independently  incite  an  exudative  inflammation.  In  animals, 
subcutaneous  injection  of  the  pure  culture  in  considerable  quantity 
may  lead  to  abscess,  while  the  soluble  products  of  broth  culture  may 
induce  toxaemia. 

Several  other  forms  of  Proteus,  as  well  as  closely  related  species, 
have  been  found  in  human  lesions  for  the  most  part  suppurative  and 
necrotic  in  character,  and  these,  in  some  cases,  have  been  conclusively 
shown  to  be  the  excitants  of  the  pathological  processes,  but  the  scope 
of  this  work  does  not  permit  further  details. 

OTHER  PYOGENIC  BACTERIA. 

Among  the  other  bacteria  which  commonly  induce  local  suppuration, 
with  or  without  toxaemia  and  septicaemia,  some  are  of  frequent  occur- 
rence as  excitants  of  such  well-marked  and  more  or  less  characteristic 
forms  of  disease  as  have  long  been  recognized  clinically  and  have  re- 
ceived special  names,  such  as  pneumonia,  gonorrhoea,  cerebro-spinal  menin- 
gitis, etc.  The  tubercle  bacillus  may  also  induce  suppurative  inflam- 
mation. These  will  be  in  part  considered  in  the  section  dealing  with 
the  organs  in  which  their  more  characteristic  lesions  are  manifested. 

ACUTE  LOBAR  PNEUMONIA  AND  OTHER  INFECTIOUS  DISEASES  INDUCED  BY 
THE  DIPLOCOCCUS  PNEUMONIiE  (Pneumococcus  Lanceolattis). 

Diplococcus  pneumoniae  is  sometimes  spoken  of  as  the  "pneumo- 
coccus of  Frankel,"  because  its  significance  and  life  history  in  connection 
with  acute  lobar  pneumonia  were  first  demonstrated  by  him.^  It  is 
commonly  called  simply  the  "pneumococcus." 

>  It  was  discovered  by  StemberK  in  saliva,  and  its  pathogenic  power  demonstrated  some  years  be- 
fore its  full  significance  in  connection  with  pneumonia  was  understood. 
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Characters  of  the  Dtplococcus  Pneiimonitt. 

During  their  development  these  germs  are  distinctly  spheroidal;  but  in  their  ma- 
ture condition  they  are  apt  to  become  slightly  elongated  or  oval  and  are  often  a  little 
broader  at  one  end  thaD  at  the  other,  assuming  a  lanceolate  form.  They  are  very 
apt  to  occur  in  pairs,  and  frequently  are  seen  in  short  chains,  rarely  in  long  chains. 
Very  frequently,  when  growing  in  the  living  animals,  the  pneumococcus  is  surrounded 
by  a  distinct,  homogeneous  capsule  of  varying  thickness  (see  Fig.  124).  Except  in 
certain  media  capsule  development  is  not  readily  seen  in  artificial  cultures.  The 
coccus  itself  is  readily  stained  by  the  anilin  dyea  and  retains  the  stain  by  Gram'a 
method;  the  capsule  is  not  easily  demonstrated  except  by  special  staining 
methods.' 

The  pneumococcus  has  no  spontaneous  movement  and  grows  but  feebly  at  ordi- 
nary room  temperature.     It  grows  much  better  at  blood  heat,  forming  on  the  surface 
of  blood-serum  or  on  very  slightly  alkaline  glycerin-agar 
plates  faint  grayish,  dewdrop  like,  inconspicuous  colonies, 
^^  somewhat  similar  to  those  of  Streptococcus  pyogenes,  but 

^V  usually  more  delicate.    In  beef-tea  it  forms  at  body  temperm- 

^*'Z-.  t'"^  ■  delicate  shimmering  turbidity  and  a  faint  whitish 

^KBi^  sediment.     As  a  rule,  the  cultures  are  prone  to  lose  soon 

,^,  ^      their  virulence  and  to  die  off  early,  but  the  virulence  may 

■f  V  It       ''^  maintained   by  successive  inoculations  in  the  rabbit. 

fm      ^L-  \ ^         The   pneumococcus   may  remain   viable  and    virulent   for 

''S'        V^  many  days  when  dried  in  sputum  but  in  the  form  of  small 

particles  such  as  are  distributed  in  coughing  and  sneeiii^  it 
Flo.  124.— DiPLococcuB      remains  alive,  as  Wood'  has  shown,  for  from  one  to  oce  and 
Fhbi.'moni«.-Pmbuiic>.      g   half  hours.     In   direct   sun-light   it   may   die   in   a  few 


Showing    ^8^^  me     cap-  jj^^  aerum  of  persons  suffering  from  acute  lobar  pneu- 

monia,  as   well  as  the  serum  of  lower  animals  artiBcially 
immunized  to  the  Diplocoecus  pneumonia,  induces  agglu- 
tination of  the  organism  in  broth  cultures.     Wadsworth  has  shown  that  by  the  use 
of  centrifugated  cultures  of  the  organism,  the  reaction  of  agglutination  can  be  ob- 
tained in   much  greater  dilution  than   by  the  usual  method.'     Precipitins  are  also 

Cultures  which  have  been  reduced  in  virulence,  so  as  not  to  cause  early  death  by 
septictemia,  may,  when  introduced  into  the  trachea  of  rabbits,  induce  circumscribed 
pneumonic  lesions,  especially  if  these  animals  are  made  vulnerable  by  cold  or  by  other 
agencies  which  impair  the  integrity  of  the  blood  or  other  tissues,  Wadsworth  has 
shown  that  by  partially  immunizing  rabbits  to  the  pneumococcus,  so  that  they  do  not 
speedily  die  from  septictemia,  and  then  introducing  the  virulent  organism  into  the 
lunge  through  the  trachea,  diffuse  pneumonic  lessons  comparable  to  the  lobar  pneu- 
monias of  man  may  be  induced.*  Lesions  of  lobar  pneumonia  are  readily  induced  in 
the  dog  by  intratracheal  injections  of  the  pneumococcus.  Different  animal  species 
vary  in  vulnerability  to  the  pneumococcus. 

This  germ  is  the  iiicitant  of  typical  lobar  pneumonia  in  man,  and  in  a 
large  proportion,  if  not  in  all,  cases  it  is  present  in  the  blood.'  It  induces 
locally  in  the  lungs  an  acute  exudative  inflammation  associated  with  an 
enormous  and  rapid  multiplication  of  the  germ  and  a  toxaemia  due  to  the 
distribution  of  soluble  toxic  products  through  the  blood. 

1  See  Wadtaonh.  Jour.  Inf.  Da.,  vol.  iii.,  p.  610.  1906. 
'  Wwxi.  Jour.  Elp.  Mod.,  vii..  592.  IflOS. 

■  For  details  of  this  method  see  Wadiwrih.  Jour.  Med.  Research,  vol.  x...  p.  228,  1S03. 

■  See  refereDcea  to  eiperimeotal  paeutoaniB,  p.  914. 

•  See  RuHixiic.  Jour.  Inf.  Dia.,  vol.  i..  p.  2S0. 1904:  alaa  D«A<i,  Jour.  Exper.  Med.,  1912,  iTJ.,  980. 
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For  a  more  detailed  description  of  these  lesions  of  pneumonia,  and  an 
account  of  other  bacteria  which  may  be  present,  see  page  603. 

In  addition  to  its  more  common  effect  in  inducing  lobar  pneumonia, 
the  pneumococcus  is  frequently  the  excitant  of  exudative  inflammation 
in  other  parts  of  the  body,  either  in  connection  with  or  without  a  primary 
lobar  pneumonia.  Thus  it  has  been  repeatedly  found  in  pleuritis, 
otitis,  meningitis,  empyema,  pericarditis,  endocarditis,  and  in  perit- 
onitis. It  has  been  found  in  abscesses  of  the  viscera  and  in  exudative 
inflammation  of  the  joints.  It  may  induce  pseudomembranous  inflam- 
mation of  the  mucous  membranes.  Leucocytosis  usually  accompanies 
infection  with  the  pneumococcus. 

Sources  of  Pneumococcus. — The  pneumococcus  has  been  found  in 
the  mouths  of  a  large  proportion  of  healthy  persons  examined.  The 
forms  present  in  the  mouths  of  healthy  persons  are  apparently  usually 
less  virulent  than  the  strains  concerned  in  the  incitement  of  pneumonia.^ 
It  is  thrown  off  in  the  sputum  in  lobar  pneumonia,  and  no  doubt  from 
this  source  to  a  certain  extent  in  the  dried  condition,  as  dust,^but  more 
often  in  the  droplets  of  sputum  ejected  in  the  coughing  of  pneumonics 
or  in  the  fine  spray  formed  in  sneezing,^  furnishes  the  infectious  agent 
which  in  favoring  conditions  of  the  body  lights  up  the  inflammatory 
process  in  the  lungs.^ 

Toxic  Products  of  the  Pneumococcus. — ^Although  clinically  pneumonia 
bears  many  marks  of  toxaemia,  investigators  have  not  thus  far  succeeded 
in  finding  evidence  that,  either  in  artificial  cultures  or  in  the  infected  body, 
very  potent  soluble  toxins  are  given  off  through  the  metabolic  activities 
of  the  pneumococcus.  There  is  evidence,  on  the  other  hand,  that  the 
toxic  effects  may  be  induced  by  endotoxins  which  are  set  free  when  in  the 
course  of  the  disease  the  organisms  die  and  suffer  lysis.* 

The  Crisis  in  Pneumonia. — The  dramatic  character  of  the  crisis  in 
many  cases  of  pneumonia  has  led  to  much  conjecture  as  to  the  changes 
in  the  body  fluids  or  the  bacteria  which  may  occur  at  this  time.  There 
appears  to  be  no  marked  development  of  bactericidal  power  of  the  serum 
alone;  antitoxic  substances  are  not  demonstrable.  It  has  been  con- 
jectured that  the  new  lore  of  the  opsonins  might  throw  light  upon  the 
r6le  of  phagocytes.  But  in  spite  of  much  research  no  very  decisive 
data  have  as  yet  been  elicited. 

While  the  crisis  in  pneumonia  is  a  striking  feature  in  its  symptomatol- 
ogy it  is  only  an  accentuation  of  phenomena  which  occur  in  recovery  from 
all  infections.  In  pneumonia,  as  in  other  infections,  two  phases  of  the 
bacterial  action  are  to  be  recognized:  first,  the  capacity  to  proliferate  in 

1  For  a  oonsideration  of  the  pneumococcus  of  the  mouth  in  healthy  persons,  and  for  a  study  of 
varieties  or  strains  of  pneumococci,  see  studies  carried  on  under  the  auspices  of  the  Medical  Commission 
for  the  Investigation  of  Acute  Respiratory  Diseases  of  the  Department  of  Health  of  the  City  of  New 
York,  by  P<trk  and  Williams:  CoUins:  Longcope  and  Fox:  Norria  and  Pappenheimer:  Duval  and  Lewis: 
Buerger:  Hiss:  and  Longcope:  Jour.  Exp.  Med.,  vol.  vii.,  pp.  401-626, 1905;  also  Ej/re  and  Leaihem^  Jour. 
of  Path.,  voL  ii.,  p.  246,  1906. 

'  See  Wood,  Jour.  Exp.  Med.,  vol.  vii.,  p.  592,  1905. 

*  For  study  of  oommunicability  see  ref.  EdsaU  and  Ghriskey,  p.  606.  For  a  study  of  disinfection  of 
the  mouth  and  of  sputum,  see  Wadsworih,  Jour.  Inf.  Dis.,  iii,  1906. 

*  See  C6U,  Jour.  Exper.  Med.,  1912,  xvL.  644. 
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the  host,  and,  second,  the  potency  of  the  toxic  substances  elaborated  and 
set  free  in  the  body  during  the  disease.  Thus  far  in  most  of  the  experi- 
mental and  critical  studies  of  pneumonia  the  reactions  of  the  cells  of  the 
host  resulting  in  the  production  of  protective  substances  have  received 
chief  attention.  Many  believe  with  Neufeld  that  bacteriotropic  or 
opsonic  substances  play  an  important  r61e.  Others,  as  Romer,  think 
that  the  chief  factors  in  recovery  from  pneumonic  infection  are  bactericidal 
substances  of  unknown  nature  in  the  serum.  But  it  is  not  definitely 
known  at  present  what  the  substances  are  upon  which  recovery  depends.^ 
Although  both  of  these  agencies  may  be  important,  the  capacity  for 
growth  of  the  pneumococcus  in  the  body,  and  the  mechanism  for  the 
neutralization  of  the  poisons  developed  in  infection  are  also  important, 
and  the  consideration  of  both  classes  of  factors  is  necessary  in  an  adequate 
survey  of  pneumonia. 

For  in  this  as  in  every  other  infection,  the  reaction  of  the  micro  organ- 
ism as  well  as  that  of  the  host  is  decisive  in  the  destruction  of  the  invasive 
germs,  as  in  the  neutralization  of  the  poisons,  whether  these  are  derived 
from  the  bodies  of  the  bacteria,  or  in  ways  apparently  more  subtle  because 
less  clearly  understood.^ 

Serum  Therapy  in  Pneumonia. — Cole  and  Dochez  and  Gillespie  have  found  as 
the  result  of  a  series  of  immunizing  and  agglutination  tests,  made  at  the  Hospital 
of  the  Rockefeller  Institute,  that  thepneumococci  present  in  a  series  of  cases  of 
lobar  pneumonia  treated  there,  differed  in  biological  and  to  a  certain  extent  in 
morphological  characters,  so  that  they  could  be  classified  in  groups.  Furthermore, 
they  have  shown  that  the  effectiveness  in  man  of  curative  sera  secured  by  the  use 
of  these  groups  or  strains  of  pneumococci  in  the  horse,  is  closely  dependent  upon 
the  choice  of  an  homologous  serum ;  that  is,  of  a  serum  prepared  through  the  reaction 
of  the  horse  to  pneumococci  of  the  particular  strain  which  the  examination  of  the 
patient  discloses.' 

Staining  Reactions. — ^For  staining  the  pneumococcus  with  its  capsule  the  following 
method  of  Hiss*  gives  good  results.  Mix  the  exudate  or  culture  containing  the 
organism  on  the  cover-glass  with  a  drop  of  blood-serum  spread  thin,  dry  and  fix  by 
heat.  Add  a  few  drops  of  the  following  stain:  Five-  or  ten-per-cent.  solution  of 
gentian  violet  (5  c.c.  saturated  alcoholic  solution  of  gentian  violet  plus  95  c.c.  distilled 
water).  Heat  gently  imtil  steam  rises.  Wash  off  the  stain  with  a  twenty-per-cent. 
solution  of  cupric  sulphate.     Dry  and  mount  in  balsam. 

If  the  material  containing  the  organisms  already  contain  serum,  the  preliminary 
mixing  with  this  is  unnecessary.  Pneumococci  in  sputum,  which  without  the  addition 
of  serum  are  often  stained,  with  it  not  infrequently  give  better  results. 

The  method  of  Welch*  gives  good  results,  but  annoying  precipitates  often  form. 
After  drying  and  fixing  the  specimen  upon  the  cover-glass  in  the  usual  way,  it  is 
treated  with  glacial  acetic  acid,  which  is  at  once  drained  off  and  replaced  by  anilin- 
gentian- violet  solution  (p.  144),  this  being  drained  off  and  renewed  several  times  until 

*  See  Cole,  Harvey  Lecture,  Arch.  Int.  Med.  1914,  xiv.,  56;  also  Hektoen,  Jour.  Amer.  Med. 
Assn.  1914,  Ixii.,  254,  bibl.;  and  Dochez,  Jour.  Exper.  Med.  1912,  xvi.,  665. 

«  For  studies  on  pneumococcus  infection  and  the  mechanism  of  recovery  see  Wadaivorth,  Jour.  Med. 
Res..  1912,  xvi,  54  and  78,  bibl. 

>  For  details  of  these  studies,  as  yet  incomplete,  see  Dochez  and  Gillepaie,  Jour.  Am.  Med.  Assn. 
1913,  Ixi,  727,  also  Cole,  ref.  above. 

*  See  on  methods  of  staining  encapsulated  pneumococci  Hiss,  Jour.  Exp.  Med.,  vol.  vi.,  p.  317, 
1901-5;  also  Wadsworth,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  610,  1906. 

•  Welch,  Johns  Hopkins  Hospital  Bulletin,  vol.  iii..  p.  128,  1892. 
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the  acetic  acid  is  displaced.  The  specimen  is  now  washed  with  a  two-per-cent.  solu- 
lion  of  sodium  chlorid,  ia  which  it  may  be  covered  and  studied.  Tlie  pneumococcus 
may  be  stained  in  sections  by  Weigert's  modification  o(  Gram's  method  with  prelim- 
inary contrast  stain  (see  p.  144).  By  this  method  the  fibrin  in  pneumonic  exudate 
19  also  stained.' 

Streptococcus  Hucosus  Capsulattts. 

In  pneumonic  and  other  oxudatea  and  in  the  normal  throat  one  occasionally  finds 
a  capsulated  organism  growing  in  short  chains  and  forming  about  the  colonies  a  mass 
oF  mucua-like  material.  It  is  virulent  for  mice,  less  so  for  rabbits.  After  growth 
Ihrougb  aeveral  generations  on  artificial  culture  media  it  loses  its  capacity  for  forming 
the  mucous  material  and  its  virulence  diminishes.  This  organism  is  regarded  by 
Mmeasa  variety  of  the  pneumococcus,  by  others  as  a  streptococcus  (seep.  209).' 

GOHORRH(£A  AUD   OTHER   IlfFLAHHATORY  LESIONS  mDDCED   BY   THE 
WCROCOCCUS  GOHORRECEiE  (Gonococcua). 

The  Micrococcus  gonorrhacB  (gonococcus)  is  moat  commonly  found  in 
the  exudate  of  gonorrhoea!  inflammation  of  the  mucous  membranes, 
especially  of  the  urethra.  It  may  be  free  or  enclosed  in  leucocytes  or 
other  cells  (Fig.  125),  within  or  between  the  epithelial  cells.  The 
organism  may  be  distributed  from 

the  seat  of  primary  lesion,  giving  -'. 

rise  to  gonorrhoea!  arthritis,  to  ma-  i^     "^-     ; 

lignant   endocarditis,    to   exudative  ■%'■,(''•  ■ 

inflammation  of  the  pleura,  and  to  '* 

inflammatory     processes    in    other 
parts  of  the  body,*  * 

The  gonococcus  may  in  the  pri-  '     ,.    ,  ^ 

mary  as   well  as  in  the  secondary  *.^'**  v 

lesions  be  associated  with  the  "pyo-  ,^^, .  .,  , '-  -fttl 

genie  cocci,"   the   colon   bacilli,   or  '•■d-:f'.',  .    •' 

other  micro-organisms.     These    as-  «{-"•'' 

SMiations    have    been    observed   in 

cases  of  pyemia  following  gono-  ''cbu^'.-7p"'^«™^Aom  rarull^a*."' 
coecal  infection.     The  gonococcus  ia 

usually  most  abundant  in  the  urethra  during  the  acute  stage  of  the 
inflammation.  But  long  after  the  organisms  have  disappeared  from 
the  urethral  discharge  they  may  be  present  in  small  numbers  in  the 
deeper  portions  of  the  urethra  or  in  the  prostatic  secretions  whence, 
under  favoring  conditions,  a  fresh  infection  may  arise.  In  the  female 
the  inflammation  develops  in  the  urethra  and  cervix,  and,  through  the 
transportation  of  the  gonococei,  may  extend  along  the  mucous  mem- 
brane to  the  uterus  and  into  the  Fallopian  tubes.     The  germs  may 

=='  '  For  B  full  rfiumt  at  the  Btudiea  on  (he  pneumcreoreus  see  Ntu/fid  Md  HdndeJ.  KoUe  and  Wasser- 
miuui's  "Handbuch  dur  MikroorBaniamen."  2d  edition,  1912.  iv..  513. 

■  See  SduMmaUtr,  MUncta.  med.  Wooh..  July  25th,  1905;  also  Butrger,  Cbl.  t.  Bakt..  I.  Abtb..  Ori(. 
Bd.  ilL,  p.  314.  IWe. 

•Corault,  for  eaaea  and  biblio«mpby.  Yoane.  "Wcloh  Anniversary  ConlribulionB  to  ths  Science 
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enter  the  peritoneum,  inducing  exudative  inflammation.  Hyperplasia 
and  suppuration  of  lymph-nodes  near  the  inflammatory  region  may 
occur.  Gonorrhoeal  conjunctivitis  is  similar  in  origin  and  character  to 
the  inflammation  of  the  urethra. 


Characters  of  the  Gonococcus. 

The  gonococcus  is  apt  to  occur  in  pairs,  the  apposed  sides  being  more  or  less  dis- 
tinctly flattened  (Fig.  126).  It  stains  readily  with  the  anilin  dyes,  and  diflfers  from 
most  known  cocci  which  might  be  mistaken  for  it  in  that  it  is  decolorized  by  the  iodine 
solution  in  the  Gram  method  of  staining.  It  is  well  after  the  decolorization  by  this 
method,  and  before  mounting  in  balsam,  to  make  a  contrast  stain  with  a  dilute  aque- 
ous solution  of  Bismarck  brown.  Then  the  gonococci  will  be  of 
light-brown  color,  while  most  other  germs  will  retain  the  violet 
color. 

The  gonococcus  is  non-motile  and  does  not  grow  at  ordinary 
room  temperatures  nor  on  the  ordinary  solid  or  fluid  culture 
media.     It  may,  however,  be  cultivated  at  the  temperature  of 
Fio.  126.— Micro-     *^®  body  on  human  blood-serum  or  on  a  combination  of  this 
coccus  QoNORRBCBjD     with  agar. 

(Gonococcus).  In  serum-agar  the  surface  growth  of  the  gonococcus  is  in  the 

From  culture.  form  of  small  circular,  sharp-edged,  shghtly  raised,  nearly  trans- 

parent colonies,  coarsely  mottled  in  the  central  portion,  finely 
granular  toward  the  borders.  The  life  of  the  colonies  under  artificial  culture  is 
short,  but  by  frequent  transference  to  fresh  media  it  may  be  maintained  indefinitely 
and  gradually  adapts  itself  to  the  artificial  environment. 

The  gonococcus  is  readily  killed  by  heai  and  light  and  drying  and  is  very  vulnerable 
in  the  presence  of  many  common  disinfectants. 

It  is  probable  that  the  organism  has  no  natural  habitat  outside  the  bodies  of 
human  beings.  The  lower  animals  are  not,  as  a  rule,  susceptible  to  inoculations  of 
the  mucous  membranes  with  the  gonococcus,  but  suppurative  inflammation  has  been 
induced  in  mice  and  guinea-pigs  by  intraperitoneal  injections. 

Inoculations  of  pure  cultures  of  the  gonococcus  upon  the  urethral 
mucous  membranes  of  man  have  been  repeatedly  made  and  were  followed 
by  a  characteristic  catarrhal  inflammation.  Thus  the  evidence  is  com- 
plete that  the  gonococcus  is  an  excitant  of  the  inflammation  with  which 
it  is  so  constantly  associated.  But  in  what  measure  this  germ,  in  what 
measure  others,  are  responsible  for  the  complicating  inflammations 
when  both  germs  occur  together,  is  yet  to  be  determined.  The  gono- 
coccus appears  to  act  rather  through  its  endotoxins  than  by  soluble 
substances  set  free  in  its  growth. 

Inasmuch  as  one  or  more  forms  of  cocci  and  diplococci  occurring  in 
the  normal  and  in  the  inflamed  urethra  are  morphologically  similar  to 
the  gonococcus,  great  caution  should  be  exercised  in  doubtful  cases  in 
deciding  upon  the  nature  of  suspicious  micro-organisms  in  urethral 
discharges  or  other  exudates.  But  the  pronounced  tendency  of  the 
gonococcus  to  gather  within  cells;  the  sometimes  conspicuous  but  often 
ill-defined  flattening  of  the  apposed  sides  of  the  gonococci;  the  decolor- 
ization by  Gram's  method,  which  leaves  most  other  germs  apt  to  be 
associated  with  the  gonococcus  still  stained,  and  whenever  practicable 
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the  artificial -culture  characters — these  all  should  be  considered  in  the 
summary  of  evidence.' 

ACUTE  CEREBRO-SPIHAL  MEIIinGITIS. 

This  is  an  acute  infectious  process  of  which  the  characteristic  lesion 
is  an  exudative  inflammation  of  the  pia  mater  of  the  brain  and  cord. 

As  a  rule  the  inflammation  of  the  pia  mater  results  in  the  production 
of  serum,  fibrin,  and  pus,  which  infiltrate  the  pia  mater  and  accumulate 
in  the  ventricles,  so  that  the  gross  appearance  of  the  brain  is  character- 
istic. The  exudation  is  often  especially  abundant  at  the  base  of  the 
brain  and  over  the  posterior  surfaces  of  the  cord.  In  children  the  dis- 
tention of  the  lateral  ventricles  with  purulent  serum  may  be  a  marked 
feature,  while  in  adults  the  quantity  of  serum  is  apt  to  be  small.  (For 
details  of  the  lesions  in  exudative  meningitis  see  Nervous  System.) 

While  the  above  are  characteristic  lesions  of  this  disease,  there  are  a 
number  of  secondary  or  associated  septicemic  or  toxsemic  lesions  in 
different  parts  of  the  body.  There  may  be  subserous  punctate  hemor- 
rhages in  the  endocardium;  petechia  in  the  skin;  acute  arteritis;  hyaline 
and  granular  degeneration  in  the  voluntary  striated  muscle;  occasional 
multiple  abscesses  in  various  parts  of  the  body;  suppurative  infiamma- 
tion  of  the  joints;  albuminous  degeneration  of  the  heart,  liver,  and 
kidneys;  and  hyperplasia  of  the  gastro-intestinal  lymphatic  apparatus 
and  of  the  spleen. 

Cerebro-spinal  meningitis  may  occur  by  itself  or  in  connection  with 
some  other  acute  infectious  disease,  such  as  acute  lobar  pneumonia, 
mycotic     ulcerative     endocarditis,    pyiemia, 
multiple  suppurative  arthritis,  otitis  media, 
puerperal  fever,  typhoid  fever,  etc. 

It  may  be  epidemic,  the  lesions,  however, 
being  essentially  similar  to  those  in  the  simple 
acute  form. 

The  bacteri(U  excitants  of  simple  sporadic     pio.  127.— diplococcus  ik™*- 
cerebro-spinal  meningitis  are  most  commonly      ci:i.i.di.abis.— mbhinoococcus. 
the   pneumococcus    and  Streptococcus  pyo-     pun"^^"in  'Sse'"^  'Tpidemi'o' 
genes.      Of  less  frequent  occurrence  in   the     oerabro-apinai  meain«itB. 
lesions  are  the  influenza  bacillus,*  the  typhoid 
bacillus,  and  the  gonococcus.     Other  bacteria  have  been  recorded. 

Efridemic  Cerebro-Spinal  Meningltia. — This  form  of  exudative  inflam- 
mation of  the  meninges  of  the  brain  and  cord  is  induced  by  an  organism 
named  by  Weichselbaum  Diplococcus  intracellularis  meningitidis  {menin- 
goaxcus)  because  of  its  form  and  its  frequent  presence  within  cells  of  the 
exudate  (Fig.  127).  While  often  occurring  in  epidemics,  infection 
with  the  meningococcus  may  be  sporadic. 
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The  lesions  are  in  general  aimilar  to  those  above  described  in  exuda- 
tive inflammation  of  the  meninges  with  other  excitants,  but,  in  distri- 
bution and  type,  present  some  moderately  characteristic  appearances. 
The  exudate,  which  is  purulent,  sero-purulent,  or  fibro-purulent,  is 
usually  most  marked  at  the  base  of  the  brain  and  on  the  posterior 
surface  of  the  cord.  In  death  at  an  early  period  there  may  be  simple 
hyperemia  with  little  exudate.  The  purulent  exudate  consists  largely 
of  polymorphonuclear  leucocytes,  but  there  may  be  large  polyhedral 


cells  mingled  with  them.  These  large  cells,  apparently  derivatives  of 
endothelium,  are  phagocytic  and  may  contain  leucocytes,  red  blood 
cells,  etc.  At  later  periods  these  large  cells  may  preponderate  in  the 
exudate.  The  exudate  may  be  present  in  the  superficial  layers  of  the 
brain  and  may  involve  the  cranial  nerves  and  the  spinal  nerve  roots. 
There  may  be  proliferation  of  neuroglia  ceils.'  Acute  arteritis  ^\'ith 
the  accumulation  of  leucocytes  and  the  formation  of  new  cells  beneath 
the  endothelium  of  the  small  arteries  of  the  brain  and  cord  (Figs.  128 
and  129)  is  often  present  in  this  disease. 

In  the  prolonged,  so-called  chronic  cases  there  may  be  oedema  and 
thickening  of  the  pia  mater  and  degeneration  of  the  pus  cells. 

>  Par  an  epitome  of  leaions  net  Cauncitman.  Jour.  Amer,  Med.  Auo..  vol.  xliv..  p.  097.  IMS. 
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Characters  of  Diplococcus  Intracellularis  Heningitidis. 

It  13  a  diplococcus,  considerably  resembling  tht:!  gonococcus,  the 
p&irs  and  tetrads  being  often  flattened  on  the  apposed  sides.  It  is  Don- 
motile,  not  staining  by  Gram's  method.  It  grows  readily  though  not 
voluminously  on  appropriate  culture  media  at  body  temperature.  It 
is  readily  killed  by  exposure  to  sunlight,  and  by  drying  as  well  as  by 
heat,  cold,  and  the  common  disinfectants. 

While  the  meningococcus  is  most  abundant  in  the  meningeal  exudate, 
aod  is  obtained  on  lumbar  puncture,  it  has  been  found  in  the  blood' 


and  in  the  nasal  passages.  Agglutinative  substances  are  formed  during 
the  infection. 

Pathogenicity. — Inoculations  of  cultures  into  various  animals,  mice, 
rabbits,  guinea-pigs,  etc.,  show  that  it  is  moderately  pathogenic,  the 
effects  seeming  to  be  largely  due  to  an  endotoxin.  Flexner  has  induced 
in  monkeys  lesions  almost  identical  with  those  of  man.' 

Source. — The  frequent  occurrence  of  the  meningococcus  in  the 
nasal  passages  both  in  those  suffering  from  epidemic  cerebro -spinal 
meningitis  at  an  early  period  and  in  those  closely  associated  with  them,' 
while  it  is  usually  absent  in  well  persons  not  exposed  to  the  disease, 
leads  to  the  conclusion  that  the  infectious  material  may  be  transmitted 
by  the  nasal  secretion  directly,  or  through  the  air  in  the  spray  caused  by 
sneezing.  There  is  reason  for  believing  that  entrance  is  gained  through 
the  naso-pharyngeal  mucous  membrane,*  and  through  the  pharyngeal 
tonsil.  This  is  obviously  possible  through  the  direct  connections  which 
exist  between  the  meninges  and  the  nasal  mucosa  by  lymphatics  which 
pass  the  cribriform  bone  with  branches  of  the  olfactory  nerve.  But  the 
possibility  of  origin  through  the  blood  is  to  be  held  in  mind.° 

>  BUer  Bud  Hmloon,  Jour.  Uol.  Ra.,  xi.,  37! 

■  Sec  FloTtrr,  Tmu.  A»a.  Am.  Pbyi.,  voL  x 
105  ud  142.  1007. 

■  See  WtidueOKHm  ud  Ghon.  Wiener  klin.  W 
V.  SSaUv.  Jour.  Inf.  DiB.,  Suppl.  No.  2.  Feb.,  1906, 
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Serum  Therapy. — By  the  immunization  of  horses  with  dead  and 
living  cultures  of  meningococcus,  and  with  extracts  of  the  bodies,  cura- 
tive sera  have  been  prepared.^  Such  sera  injected  intraspinously  has 
been  found  after  critical  tests  on  a  large  number  of  cases  to  be  an  ex- 
tremely valuable  curative  agent.' 

Micrococcus  Catarrhalis. 

Diplococci  resembling  the  meningococcus  and  called  M,  calarrhalis  have  been 
found  on  respiratory  mucous  membranes.  Their  cultural  characters  are  quite  similar 
to  those  of  the  meningococcus,  for  which  they  may  be  easily  mistaken.  They  are 
believed  to  be  incitants  of  catarrhal  inflammations.  They  are  often  associated  with 
pneumococcus  and  the  influenza  bacillus. 

6LAin)£RS. 

Glanders  is  an  infectious  disease  incited  by  the  presence  and  growth 
in  the  body  of  the  Bacillus  mallei. 

It  is  most  common  in  the  horse,  affecting  the  mucous  membrane  of 
the  nose  (when  involving  the  skin  the  disease  has  been  called  farcy), 
and  can  be  communicated  to  man  and  to  certain  other  of  the  domestic 
animals  by  direct  or  accidental  inoculations. 

Man  is  quite  susceptible  to  glanders  infection,  and  the  disease  is 
most  frequent  in  those  who  come  much  into  direct  contact  with  horses. 
The  seat  of  primary  local  infection  is  most  often  the  skin,  more  rarely 
the  mucous  membranes  about  the  nose  and  mouth. 

The  local  lesions  are  similar  in  man  and  the  lower  animals.  In  the 
presence  of  the  Bacillus  mallei  there  is  usually  a  circumscribed  or  more 
rarely  a  diffuse  infiltration  of  the  tissue  with  leucocytes  and  young  con- 
nective-tissue cells.  These  whitish  foci  of  cell  accumulation  may  be 
small  and  to  the  naked  eye  resemble  miliary  tubercles,  or  they  may  be 
larger  and  nodular.  The  tissues  about  them  may  be  infiltrated  with 
blood.  But  the  accumulated  cells  are  apt,  in  the  presence  of  the  bacilli, 
to  become  necrotic  and  disintegrate  and  thus  lead  to  smaller  and  larger 
abscesses,  or,  if  near  the  surfaces,  to  ulcers.  If  they  occur  on  mucous 
membranes  these  lesions  are  often  accompanied  by  intense  diffuse 
catarrhal  inflammation. 

As  the  glanders  nodules  soften,  the  bacilli  are  apt  to  diminish  in 
number  or  in  the  capacity  to  stain,  so  that  it  may  be  possible  to  detect 
their  presence  only  by  inoculation  or  culture  methods. 

The  disease  may  begin  at  a  single  point,  so  that  it  may  be  mistaken 
for  a  carbuncle  or  gangrenous  erysipelas.  But  the  infection  is  apt  not 
to  remain  local;  the  bacilli,  finding  their  way  along  the  lymph-channels 
into  various  parts  of  the  body,  set  up  fresh  foci  of  inflammation  and 
necrosis.  Then  the  skin  may  be  covered  with  a  pustular  eruption; 
furuncles,  carbuncles,  and  abscesses  may  form  beneath  the  skin  and  in 
the  muscles.     Nodules  are  found  in  the  nasal  mucous  membrane,  the 

^  KoUe  and  Wassermann,  Deut.  med.  Woch.  1906,  xxii.,  609;  Jochmann.  Deut.  med.  Wodi. 
1906,  xxii.,  788,  who  first  repK>rted  good  results  from  iotraspinous  injections;  Flexner aad  Joblinif,  Jour. 
Exp.  Med.,  X.,  141,  1908. 

«  Flexrmr,  Jour.  Am.  Med.  Assn.,  liii.,  1443,  1909,  ibid.,  1912,  lix.,  1371. 
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lungs,  kidneys,  testes,  spleen,  and  liver.  The  joints  may  be  inflamed, 
and  there  may  be  osteomyelitis.  Leucocytosis  may  accompany  infection 
with  the  B.  mallei. 

The  glanders  infection  may,  however,  pursue  a  more  chronic  course, 
with  hard,  persistent  nodules  and  sluggish  ulcers.  Under  these  condi- 
tions the  detection  of  the  bacillus  in  the  tissue  by  a  simple  morphological 
examination  may  be  difficult. 

While  some  forms  of  glanders  nodules  somewhat  resemble  in  gross 
and  microscopic  appearance  certain  forms  of  miliary  tubercles,  the 
absence  in  the  former  of  coagulation  necrosis  and  of  giant  cells,  and 
the  tendency  to  rapid  disintegration  and  softening  in  the  latter,  will 
usually  suffice  for  the  distinction  between  the  two  sets  of  lesions.  But 
the  demonstration  of  the  bacilli  characteristic  of  each  is  in  all  cases 
decisive. 

Characters  of  the  Bacillus  mallei. — The  Bacillus  mallei  is  a  slender  bacillus  pro- 
portionately thicker  than  the  tubercle  bacillus,  with  rounded  ends,  occurring  singly 
or  in  pairs  (Fig.  130).     It  stains  easily  with  the  anilin  dyes,  but  readily  gives  up  the 
color  in  presence  of  even  feeble  decolorizing  agents  such  as 
dilute  alcohol  or  acids.     It  is  left  decolorized  by  Gram's  method. 

It  is  non-motile,  does  not  form  spores,  and  frequently  shows 
vacuoles  and  various  involution  forms. 

In   the   tissues  th^  bacilli  may  be  stained  with  Ldffler's 
alkaline  methylene  blue. 

The  glanders  bacillus  grows  readily  on  almost  all  of  the 
ordinary  artificial  culture  media,  and  best  at  blood  heat.     The       ^°'  130.— Bacillub 

IwV  ATT  V^T 

growths  on  solid  media  are  apt  to  be  viscid.     On  potatoes  it 

forms  in  two  or  three  days  an  abundant  yellowish  pellicle  which 

in  a  few  days  darkens  and  finally  becomes  brown  in  color.     It  gradually  loses  its 

virulence  in  successive  generations  of  artificial  cultures.     The  germ  is  easily  killed  by 

moist  heat,  by  sunlight,  drying,  and  the  several  germicidal  chemicals.^ 

Field  mice  and  guinea-pigs  are  very  susceptible  to  infection  with  the  Bacillus 
mallei,  and  develop  highly  characteristic  local  and  general  lesions. 

Toxic  Products  and  Immtmity. — The  toxic  product  of  B.  mallei  is  chiefly  stored  in 
the  body  of  the  organism  as  an  endotoxin.  On  extraction  by  methods  similar  to  those 
used  in  the  preparation  of  tuberculin,  (p.  261),  the  product  called  maUein  has  been 
found  useful  as  a  means  of  diagnosis  in  glanders,  affected  animals  showing  local  re- 
actions and  a  sharp  rise  of  temperature,  and  marks  of  toxsemia. 

Immunity  is  not  apparently  secured  by  glanders  infection  and  while  antibodies — 
agglutinins — are  formed,  effective  curative  sera  have  not  been  prepared. 

Diagnosis. — In  cases  in  which  an  early  diagnosis  is  imperative  it  is  well,  in 
addition  to  the  morphological  examination  and  cultures  of  the  suspected  exudate,  to 
inject  a  small  amount  into  the  peritoneal  cavity  of  a  male  guinea-pig.  If  the  virulent 
glanders  bacilli  be  present,  within  two  or  three  days  the  testicles  will  swell  and 
develop  an  intense  suppurative  inflammation. 

Other  Bacilli  Related  to  Bacillus  Mallei. 

Several  bacilli,  apparently  related  to  the  B.  mallei,  have  been  foimd  in  various 
lesions  in  men  and  lower  animals.  Thus  an  organism  called  Bacillus  psetidotuberculo- 
sis  has  been  found  in  certain  nodular  lesions  somewhat  resembling  tubercles  which  are 
especially  frequent  in  rodents.  B.  pseudotuberculosis  liquefaciens  has  been  described 
in  a  series  of  cheesy  nodules  of  the  peritoneum,  pancreas,  and  liver  in  man.  In  this 
group  also  belong  organisms  which  have  been  found  in  noma. 

>  For  a  rdntnU  of  charactera  of  the  glanders  bacillus  see  Wladimiroff  in  KoUe  and  Wassermann's 
"Handbucb  der  MikrooiipuuBmen,"  2d  edition,  Bd.  iv.,  p.  1063. 
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Chancroid  (Soft  Chancre), 

Soft  chancre  or  chancroid  is  an  acute  inflammatory  lesion  usually  of  the  genital 
regions,  at  first  pustular,  then  ulcerative.  The  infective  agent  is  communicated  by 
contact.  Neighboring  lymph-nodes  are  apt  to  suffer  an  acute  hyperplasia  passing  into 
abscess. 

In  the  lesion  of  eoft  chancre  and  the  discharge  from  it  a  small  oval  bacillus  ("  Du- 
crey's  bacillus")  has  been  frequently  found  either  clustered  or  in  chains.  It  stains 
readily  with  methylene  blue,  although  it  easily  loses  the  color.  It  usually  occun 
with  other  micro-organisms,  and  has  been  found,  though  Dot  commonly,  in  the  buboes. 
It  has  been  obtained  in  pure  culture,  in  rabbit-blood  agar  and  in  human  blood,  and 
inoculation  experiments  in  man  and  in  monkeys  indicate  its  pathogenicity.' 

AHTHRAX.     (Splenic  Ferer;  Malignant  Pustule ;  Cbarbon;  Carbuncle.) 

This  disease,  which  is  much  more  common  in  the  lower  animals, 
especially  the  herbivora,  than  in  man,  is  widely  prevalent  in  Europe. 
It  is  comparatively  rare  in  the  United  States,  but  in  certain  regions  is 
more  common  than  formerly. 

It  is  induced  in  man  by  accidental  inoculation  with  the  Bacillus 
anthracis,  which  also  incites  the  disease  in  the  lower  animals.  Inocu- 
lation may  occur  through  the  skin  by  the  agency  of  flies  and  other 


insects  which  have  been  feeding  on  animals  infected  with  this  disease, 
through  abrasions  or  slight  wounds  on  the  hands  of  those  handling 
their  carcasses  or  hides,  or  in  other  ways.  Following  this  skin  inocula- 
tion a  pustule  is  apt  to  develop — "malignant  pustule" — and  varying 
phases  of  an  acute  exudative  inflammation,  which  may  be  hiemorrhagic, 
sero-fibrinous,  purulent,  or  necrotic,  accompany  the  local  proliferation 
of  the  germs  (Fig.  131).  Anthrax  bacilli  in  large  numbers  may  be  pres- 
ent in  the  local  lesion.  From  this  local  source  a  general  infection  may 
ensue.     General  infection  may  occur  without  evident  external  lesion. 

Infection  with  anthrax  may  occur  through  the  lungs,  most  often 
among  those  who  handle  infected  wool  or  hides,  the  dust  from  which  is 
inhaled  ("wool-sorter's  disease").     Under  these  conditions  there  may 

1  See  Davit,  JoursKl  of  MedicaJ  Besesreh,  vol.  ix.,  1903.  p.  401,  bibl. 
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be  oedema,  lobular  pneumoiiia  with  involvement  of  the  pleura,  medias- 
tinum, and  other  adjacent  structures.  Infection  through  the  gastro- 
intestinal canal  takes  place  by  the  ingestion  of  food  containing  anthrax 
spores,  and  is  apt  to  be  accompanied  with  inflammatory  and  necrotic 
changes,  which  are  described  in  detail  among  lesions  of  the  intestine. 
This  is  a  common  mode  of  infection  in  animals. 

When  general  anthrax  infection  occurs  the  post-mortem  appearances 
vary.  Decomposition,  as  in  other  acute  infections,  generally  sets  in 
early.  The  blood  is  frequently  not  much  coagulated  and  dark  in  color. 
HEemorrhages  and  ecchymoses  are  frequently  found  in  the  serous  and 
mucous  membranes  and  in  various  other  parts  of  the  body. 


Fki-  132. — BaclLLlJa  Ahthh 


The  lungs  may  show  small  haemorrhages  and  cedema,  and  the  bron- 
chi may  be  deeply  congested.  The  pleural  cavities  may  contain  serum. 
The  intestines  may  exhibit  the  lesions  of  the  so-called  intestinal  mycosis. 
The  bronchial  and  other  lymph-nodes  may  be  swollen.  The  spleen  may 
be  swollen,  very  dark  in  color,  and  soft,  sometimes  almost  diffluent. 

The  bacillus  may  be  found,  usually  in  targe  numbers,  in  the  spleen 
and  in  the  capillary  blood-vessels,  especially  in  the  liver  (see  Fig,  132), 
lungs,  kidneys,  and  intestine.' 

Cbamcters  of  tbe  BaciUns  Antfaracis. 

The  Bacillus  a nthracis  is  from  5  to  20 /i  long  and  about  1  to  3^  broad,  and  is  often 
uneven  along  tbe  sides.  The  ends  of  the  bacilli  are  square  or  slightly  concave,  and 
the  bacilli  often  hang  together  eod  to  end,  forming  thread-like  structures  (Fig.  133). 
While  the  bacilli  in  the  vegetative  condition  are  easily  killed,  they  develop  spores 
outaide  the  body  only,  and  these  are  very  invulnerable  to  the  ordinary  germicidal 
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agents  and  to  heat,  resisting  often  for  many  days  the  action  of  from  2-  to  5-per-eent. 
carbolic  acid  and  defying  for  some  minutes  the  action  of  live  steam.  Anthrax  bacilli 
are  immobile,  sometimes  capsulated,  and  are  easily  stained  by  the  aniUn  dyes.  They 
grow  readily  on  artificial  culture  media  at  ordinary  room  temperatures,  fluidifying 
gelatin. 

Subcutaneous  inoculation  of  cultures  of  the  anthrax  bacillus  into  various  species  of 
animals  induces  characteristic  lesions.  White  mice  and  guinea-pigs  are  especially 
susceptible,  usually  succumbing  to  the  anthrax  septicaemia  in  from  two  to  four  days. 
Serous  exudations,  often  bloody  and  with  many  bacilU,  develop  at  the  seat  of  inocula- 
tion, while  in  the  blood  multitudes  of  the  bacilli  are  found. 

Immunization. — If  cultures  of  the  anthrax  bacillus  be  made  at  a  temperature  of 
about  42**  C,  growth  occurs,  but  it  is  meagre.     Spores  are  not  formed  as  they  are  at 

body  temperature,  and  the  virulence  of  the  germ  dimin- 
ishes day  by  day,  so  that  at  last  the  most  susceptible 
animals  are  not  affected  by  large  inoculations  of  the 
living  organisms.  If  fresh  cultures  of  these  organisms 
be  made  in  various  stages  of  their  diminishing  virulence 
and  maintained  at  their  optimum  temperature,  spores 
will  again  form,  the  growth  will  become  vigorous,  and 
in  morphology  quite  characteristic ;  but  the  physiolog- 
ical quaUties  which  determine  virulence  will  remain 
Fia.  133.— Bacillus  Anthracis     more  or  less  in  abeyance. 

Containing  Spores.  By  inoculation  of  animals  with  anthrax  cultures. 

From  a  culture.  first  with  those  which  had  been  kept  at  42°  C.  for  from 

fifteen  to  twenty  days,  and  thus  had  but  feeble  virulence, 
and  passing  to  those  cultivated  at  42°  C.  for  a  shorter  time  and  which  were  thus  more 
virulent,  Pasteur  secured  immunity  from  anthrax  in  a  series  of  the  lower  animals  (see 
p.  162) .  Based  upon  these  experiments  a  method  of  protective  inoculation  has  been 
practised  on  a  large  scale  among  sheep  and  other  animals  in  some  parts  of  Europe 
which  has  been  of  great  economic  value.  The  death  rate  from  anthrax  has  by  these 
methods  been  reduced  in  sheep  from  10  per  cent,  to  about  nine-tenths  of  1  per  cent., 
and  in  cattle  from  5  per  cent,  to  less  than  four-tenths  of  1  per  cent.* 

Little  is  known  of  soluble  toxins  or  endotoxins  of  the  anthrax  bacillis. 

ACTINOMYCOSIS. 

This  disease,  which  is  of  occasional  occurrence  in  man,  but  is  more 
common  in  the  domestic  animals,  especially  in  cattle  and  in  horses,  is 
most  frequently  characterized  by  a  slow  suppurative  and  proliferative 
process,  often  leading  to  the  formation  of  large  fungous  masses  which 
may  become  calcareous. 

In  cattle,  the  new-formed  tissue,  which  develops  with  especial  fre- 
quency in  the  jaw,  is  apt  to  extend  beyond  the  original  site  and  to  slough, 
so  that  not  only  may  the  tissues  of  the  tongue,  pharynx,  larynx,  etc., 
be  involved,  but  secondary  nodules  of  similar  character  may  form  in  the 
lungs,  gastro-intestinal  tract,  and  skin. 

In  man,  suppuration  with  necrosis  and  the  formation  of  abscesses, 
ulcers,  and  fistulae,  are  the  most  marked  lesions  in  parts  near  the  surface 
of  the  body.  In  the  lungs  the  lesions  may  be  essentially  those  of  an 
acute  general  bronchitis  or  in  the  form  of  broncho-pneumonia  (Fig.  134), 
with  the  formation  of  new  tissue.' 

1  For  a  study  of  opsonic  substances  in  dog  serum  favoring  phagocytosis  of  anthrax  baciUi  see 
Hektoen,  Jour.  Inf.  Dis..  vol.  iii.,  p.  102,  1906. 

'  For  a  detailed  description  of  the  lung  lesions  in  actinomycosis,  with  general  bibliography,  see 
Hodenpylt  '*  Actinomycosis  of  the  Lung,"  New  York  Medical  Record.  Dec.  13th,  1800. 
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Abscesses  and  cavities  may  form  which  extend  into  adjacent  parts. 
In  intestinal  actinomycosis  nodular  masses  of  new  tissue  with  ulceration 
may  develop  in  the  mucosa  and  submucosa.  Metastases  have  been 
described.  The  excitant  of  this  disease — now  most  commonly  called 
Actinomyces  bovis — is  a  micro-organism  which  seems  to  be  more  closely 
related  to  the  moulds  than  to  the  bacteria.  It  is,  however,  considered 
here  because  its  botanical  position  is  not  yet  clearly  established,  and  it 
may  be  one  of  the  so-called  pleomorphous  bacteria  (see  p.  135). 


*   HuHtH    Bhonchc 


The  organism  often  grows  in  the  tissues  in  the  form  of  little  rounded 
masses  from  a  size  so  small  as  to  be  invisible  to  that  of  a  pin 's  head. 
They  may  be  transparent  or  grayish  white  or  yellow  or  dark  in  color. 
Under  the  microscope  these  masses  often  appear  in  the  form  of  a  dense 
group  of  radiating  ^laments  with  more  or  less  bulbous  ends;  hence  the 
common  name  "ray  fungus." 

Characters  of  ActinomyceB. 

The  organism  when  freed  from  other  bacteria  is  readily  cultivated  at  37°  C.  It 
irows  in  delicate  brancluDg  threads  which  show  segments  resembhng  bacilli  and  cocci 
besides  bulbous  or  club-shaped  forms,  probably  "involution  forms."  Successful 
inoculations  of  cultures  have  been  made  in  animals. 

The  organism  is  usually  conveyed  from  one  animal  to  another  by  inoculation  or  by 
contact  of  the  growth  with  a  wound  or  an  abrasion  of  the  mucous  membrane. 
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In  the  examination  of  sputum,  fseces,  pus,  etc.,  for  the  presence  of  actinomyces 
the  naked-eye  appearances  may  be  of  value,  since  the  yellowish  white  granules  are 
often  quite  visible,  especially  on  a  black  background.  Suspicious  masses  may  be 
teased  and  studied  unstained,  or  stained  by  Gram's  method.  Sections  of  tissue  may 
be  hardened  in  alcohol,  and  sections  stained  by  Gram's  method  with  contrast  eosin 
stain. 

Other  Organisms  Resembling  Actinomyces. 

Many  forms  of  micro-organisms  of  similar  general  characters  to  actinomyces  have 
been  described,  some  occurring  in  connection  with  infective  processes  in  man  and  the 
lower  animals  of  which  they  seem  to  be  the  excitants,  others  living  as  saprophytes  in 
various  situations.  Among  the  apparently  pathogenic  forms  we  may  mention  the 
following: 

An  organism  somewhat  resembling  actinomyces  and  found  in  connection  with  a 
disease  commonly  called  mycetoma  or  "  Madura  foot,"  frequent  in  the  tropics  and 
characterized  by  new  nodular  growths  associated  with  suppuration  and  necrosis 
most  often  affecting  the  foot.^ 

Another  form  has  been  described  in  connection  with  a  peculiar  form  of  erysipela- 
tous inflammation  of  the  skin;  another  in  the  so-called  farcin  de  boeuf,  a  disease  of 
cattle  in  Guadeloupe;  this  has  been  called  Streptothrix  and  now  Nocardia. 

Several  times  organisms  of  this  general  character,  but  differing  considerably  from 
actinomyces,  have  been  found  in  inflammatory  and  necrotic  lesions  of  the  lungs. 
Whether  these  are  variants  of  that  species  or  independent  species,  and  how  many  such 
there  are  it  is  impossible  at  present  to  say.*  Many  attempts  have  been  made  to 
classify  these  organisms  but  knowledge  of  them  is  still  too  incomplete  to  permit 
accurate  distinctions. 

Sporotrichosis. 

In  the  last  few  years  a  considerable  number  of  cases  of  a  chronic  fungoid  process 
involving  the  skin  and  mucous  membranes,  and  occasionally  resulting  fatally,  have 
been  described.  Several  types  of  organism,  growing  on  ordinary  media,  have  been 
isolated.     The  condition  is  known  as  sporotrichosis.'     (See  also   p.  149.) 

Pharyngo-Mycosis  Leptothrica. 

Certain  filamentous  micro-organisms  called  LeptothriXj  whose  botanical  affiliations 
are  not  yet  clear,  are  of  common  occurrence  in  the  mouths  of  healthy  persons.  Occa- 
sionally, however,  a  persistently  recurrent  attack  of  "sore  throat,"  with  local  tender- 
ness and  sometimes  cough  and  fever,  is  associated  with  the  growth  of  masses  of  lepto- 
thrix  in  the  crypts  of  the  tonsils,  at  the  base  of  the  tongue,  on  the  walb  of  the  pharynx, 
or  in  the  nose  or  superior  portion  of  the  oesophagus.  The  leptothrix  masses  or  colonies 
form  thick  whitish  pellicles  or  patches  which  may  be  superficial,  or  in  tonsils  may 
extend  deep  into  the  crypts.  These  masses  are  usually  firmly  adherent,  often  leave 
bleeding  surfaces  when  removed,  and  the  growth  is  apt  persistently  to  recur. 

Microscopic  examination  of  removed  portions  of  the  growth  show  tufts  and  bun- 
dles of  the  thread-like  micro-organisms,  growing  among  or  directly  out  from  flat  epi- 
thelial cell  masses  and  mingled  xwith  various  other  forms  of  micro-organisms,  mostly 
cocci  and  short  bacilli.  There  may  be  overgrowth  of  epithelium  and  collections  of 
leucocytes  in  and  about  the  leptothrix  masses.* 

*  Consult  Wright^  Joum.  Exp.  Med.,  vol.  iii.,  p.  421,  1808,  bibl.;  also  in  Jour.  Med.  Res.,  viii.,  349. 
1905  and  Osier's,  "Modern  Medicine.  I.,  327,  1907. 

*  For  a  description  of  two  such  cases,  with  a  selected  bibliography,  see  Norria  and  Larkin,  Joum. 
Exp.  Med.,  vol.  v.,  p.  155,  1900;  also  case  by  TuUU,  Med.  and  Surg.  Rep.,  Presby.  Hosp.,  N.  Y.,  voL 
vL,  p.  147,  1904. 

For  a  critical  summary  of  this  group  of  organisms,  with  a  full  bibliography,  see  monograph  by 
Lachner-Sandoval,  "Ueber  Strahlenpilze,"  Strasburg,  1898;  see  also  KoUe  and  Wassermann's  "Hand- 
buch  der  Mirkoorganismen,"  2d  edition,  Bd.  v.,  p.  267  and  365 

For  a  full  treatment  and  bibliography  consult  the  monograph  on  "Aktinomykose**  by  Sehlegel 
in  KoUe  and  Wassermann's  "Handbuch  der  Mikroorganismen,'*  Bd.  v  ,  p.  301;  see  also  Muasert  Pearee^ 
and  Owyn,  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  208,  1001. 

*  For  further  details  and  bibliography  see  de  Bettrmann  and  Oougerot,  Traits  des  sporoUichoses, 
Pans.  1912. 

*  For  further  details  and  bibliography  consult  Campbell,  Medical  News.  Apr.  4th,  1896;  also  Ptarct^ 
Bull,  Univ.  Penn.,  vol.  xiv.,  1901,  p.  217;  also  Davis,  Jour.  Infect.  Dis.,  1914,  xiv.,  144. 
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HfFLUENZA.     Epidemic  Catarrhal  Fever;  La  Grippe. 

This  is  an  infectious  disease  characterized  by  fever,  physical  and 
mental  prostration,  and  exudative  inflammations  in  different  parts  of 
the  body.  Thus  there  may  be  exudative  inflammation  in  the  respiratory, 
digestive,  and  nervous  systems,  either  singly  or  together.  Sometimes, 
however,  these  local  inflammations  may  be  absent,  when  the  disease  may 
be  marked  by  the  characteristic  prostration  and  symptoms  of  toxaemia. 
None  of  the  lesions  appear  to  be  characteristic.  The  lesion  of  the 
lungs  is  usually  of  the  broncho-pneumonic  type  and  is  apt  to  involve  the 
interstitial  tissue.  The  cut  surface  is  smooth,  the  exudate  is  soft  and 
contains  relatively  little  fibrin.  The  lung  resembles  that  of  "purulent 
infiltration." 

The  numerous  bacterial  studies  which  up  to  1892  had  been  made  on 
epidemic  influenza  had  failed  to  reveal  any  micro-organism  which  could 
fairly  be  regarded  as  of  etiological  significance,  although  some  of  the 
complicating  inflammations  of  the  lungs  had  been  shown  to  be  very 
frequently  associated  with  the  pyogenic  cocci — Staphylococcus  pyogenes 
and  Streptococcus  pyogenes  and  the  Diplococcus  pneumoniae. 

Early  in  1892,  Pfeiffer,  Kitasato,  and  Canon  described  the  occurrence 
in  the  bronchial  exudate  and  in  the  blood  of  influenza  patients  of  a  very 
small  bacillus,  hitherto  unknown  or  possibly  noted  earlier  by  Babes. 
This  bacillus — B.  influemce — was  sometimes  present  in  the  bronchial 
exudate  in  enormous  numbers,  and  often  with  little  or  no  contamina- 
tion with  other  germs.  It  was  found  at  the  seat  of  other  local  lesions, 
and  the  pus  cells  often  contained  many  bacilli.  It  has  been  found  to 
persist  in  the  body  long  after  the  active  processes  have  ceased.^ 

Characters  of  the  Influenza  Bacillus. 

The  influenza  bacillus  is  very  small — about  0.5  fi  long  by  0.2  by  0.3  /*  in  width — 
with  rounded  ends,  non-motile  and  does  not  form  spores.  It  stains  with  some 
difficulty  with  simple  anilin  dyes;  but  by  Ziehrs  solution  (p.  258),  or  by  warmed 
L6ffler's  methylene  blue  (p.  145),  it  is  readily  colored.  It  does  not  retain  the  stain 
well  by  Gram's  method.  The  organism  apparently  dies  after  a  few  hours'  drying  in 
the  air  and  soon  in  water  and  is  readily  killed  by  heat  or  cold  or  chemical  germicides. 

This  bacillus  grows  best  at  body  temperature,  on  glycerin-agar  whose  surface  has 
been  smeared  with  blood — human,  rabbit,  or  pigeon.  It  forms  very  small,  scarcely 
visible,  dewdrop-like  colonies,  which,  although  growing  close  together,  do  not  tend  to 
coalesce,  as  many  micro-organisms  do.  It  has  been  cultivated  through  several  gene> 
rations,  but  usually  dies  soon. 

Animal  inoculations  have  given  diverse  and  not  very  marked  results,  most  of  the 
lower  animals  being  apparently  quite  insusceptible  except  to  very  large  doses  of 
cultures  which  may  have  a  toxic  action  upon  them.  In  monkeys,  however,  influenza- 
like symptoms  have  been  induced  by  application  of  cultures  to  the  nasal  mucosa. 

The  evidence  that  the  organism  described  above  is  the  excitant  of 
epidemic  influenza  rests  largely  upon  its  apparently  constant  presence, 
especially  in  the  exudates  of  the  nasal  and  bronchial  mucous  membranes, 

1  For  a  full  risunU  of  the  characters  of  the  influenza  bacillus  and  its  relation  to  various  forms  of  the 
disease,  with  bibliography,  see  the  articles  by  Scheller  in  Kolle  and  Wassermann's  "Handbuch  der 
MikroorganiBmen,"  2d  edition,  1913,  Bd.  v.,  p.  1257. 
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where  it  may  be  present  in  enormous  numbers  and  almost  free  from 
admixture  with  other  germs. 

Cases  of  sporadic  influenza  are  of  frequent  occurrence,  especially  in 
towns.  These  are  often  mixed  infections,  the  influenza  bacillus  being 
associated  with  pneumococcus,  streptococcus,  etc. 

That  the  organism  should  have  been  occasionally  found  under  other 
conditions,*  as  in  chronic  pulmonary  tuberculosis,  does  not  at  all  militate 
against  its  significance  in  inciting  the  manifestations  of  influenza,  since 
many  parallel  instances  are  known  in  other  infectious  diseases.  The 
frequent  discrepancy  between  the  clinical  and  bacterial  diagnosis  in 
influenza  is  largely  due  to  its  varying  and  often  obscure  clinical  manifes- 
tations which  render  possible  and  convenient  the  use  of  the  name  for 
many  phases  of  catarrhal  and  other  forms  of  inflammation. 

Immunity  in  any  marked  degree  does  not  appear  to  be  conferred  by 
influenza. 

Source. — Material  containing  the  influenza  bacillus  is  readily  and 
doubtless  frequently  conveyed  from  the  victims  of  influenza  or  from 
those  harboring  the  organism  to  the  well  in  droplets  and  spray  dispersed 
through  the  air  by  unguarded  coughing  and  sneezing,  as  well  as  by 
direct  personal  contact  and  the  use  of  contaminated  utensils  for  food 
and  drink. 

Other  Organisms  of  the  Influenza  Bacillus  Group. 

There  are  several  organisms  in  the  influenza  bacillus  group  which  considerably 
resemble  it,  some  of  which  appear  to  be  pathogenic,  others  not  so.  Thus  several 
observers  have  found  in  exudates  from  various  sources,  but  especially  in  the  respira- 
tory passages,  small  immobile  asporogenous  bacilU  growing  best  under  conditions 
similar  to  those  favorable  to  the  influenza  germ,  the  colonies  being  similar.  They  are 
somewhat  larger  than  the  influenza  bacillus,  and  tend  to  form  threads.  This  organism 
has  been  called  the  pseudo-influenza  bacillus — B.  pseudo-influemce.  Its  pathogenic 
capacities  are  not  clear,  but  it  evidently  differs  in  this  respect  from  the  genuine  influ- 
enza bacillus.  In  stained  specimens  of  exudate  the  pseudo-bacillus  may  be  mistaken 
for  its  relative.  It  seems  probable  that  there  may  be  several  forms  of  organisms  not 
distinguishable  at  present  from  each  other  and  from  the  influenza  bacillus,  which 
have  been  grouped  under  the  name  B.  pseudo-influenzse,  so  that  the  use  of  the  name 
is  of  doubtful  value.' 

Another  bacillus  of  this  group,  B.  conjunctivitidis — Koch- Weeks  bacillus — has 
been  found  in  conjunctival  catarrh  by  several  observers  in  various  countries  and  is 
doubtless  the  inciting  factor  in  a  readily  communicable  form  of  conjunctival  inflam- 
mation. This  bacillus,  resembling  the  influenza  bacillus,  is  somewhat  longer  and 
grows  on  blood-free  media.  It  may  be  differentiated  by  cultural  characters.  Animal 
inoculations  have  been  negative. 

TYPHOID  FEVER. 

Typhoid  fever  is  an  acute  infectious  disease  incited  by  the  Bacillus 
typhosiLS.  The  reaction  of  the  body  to  this  bacillus  is  usually  mani- 
fested by  characteristic  lesions,  especially  by  hyperplasia  and  necrosis 

^  See  Park,  "Pathogenic  Bacteria  and  Protozoa,"  4th  edition,  1910,  p.  353;  see  also  for  studies  of 
this  organism  Lord,  Boat.  Med.  and  Sung.  Jour.,  vol.  clii.,  pp.  537  and  574,  1905,  also  Auerbach^  Zeiti. 
f.  Hygiene  u.  Infkr.,  Bd.  xlvii.,  p.  259,  1904;  also  Davis,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  1,  1906. 

For  a  study  of  the  influenza  bacillus  in  inflammations  of  the  respiratory  tract  in  infants  see  IFoQ- 
stein.  Jour.  Exp.  Med.,  vol.  viii.,  p.  681,  1906. 

'  See  ref .  WolUtein  above. 
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in  the  lymphatic  structures  of  the  intestines  and  the  mesenteric  lymph- 
nodea,  and  in  the  spleen,  aa  well  as  by  the  more  general  alterations 
incident  to  toxcemia  and  septicEemia;  but  the  infection  is  occasionally 
of  the  septiciemic  type  without  characteristic  local  lesions  in  the  intes- 
tines, or  meaenteric  nodes,  or  other  viscera. 

The  Bacillus  of  Typhoid  Fever. 

The  presence  of  a  bacillus,  called  Bacillus  typhosus,  in  various  parts 
of  the  body  in  typhoid  fever,  in  a  considerable  proportion  of  the  cases 
examined,  has  been  well  established.  This  bacillus  does  not  occur  in 
the  body,  so  far  as  is  known,  except  in  connection  with  this  disease. 

Characters  of  the  Bacillus  Typhosus. 

The  typhoid  bacillus  ia  usually  about  three  times  as  long  as  broad,  being  about  one- 
third  as  long  as  the  diameter  of  a  red  blood  cell.  It  ia  rounded  at  the  ends,  motile, 
aerobic,  facultative  anaerobic,  and  aeporogenous. 
It  grows  readily  at  room  temperature  on  the  ordi- 
nary media.  In  cultures  the  bacilli  often  cling 
tt^ether  end  to  end,  forming  threads  {Fig.  135). 
It  ia  readily  killed  by  heat,  is  fairly  resistant  to 
chemical  germicides,  and  remaina  alive  for  some 
time  frocen  in  ice. 

The  inoculation  of  lower  animals  with  the 
typhoid  bacillus  may  result  in  various  lesions,  and 
prove  fata],  but  typical  typhoid  fever  is  not 
induced.'  P^^   13S— Bacilldb  Tifbo*™ 

The  typhoid  bacillus  in  its  growth  in  cultures 
does    not   seem   to   produce    soluble    toxins    of 

marked  potency  in  very  considerable  amount  though  there  is  evidence  that  some 
such  poison  is  formed.'  On  the  other  hand,  there  is  stored  up  in  the  bodies  of  the 
bacilli  a  virulent  endotoxin  which  has  been  largely  used  in  artificial  immunization. 

It  is  probable  that  the  more  characteristic  symptoms  and  lesions  of 
typhoid  fever  are  largely  due  to  the  absorption  of  toxic  substances  which 
are  produced  as  the  result  of  the  life  procesaes  of  the  bacteria  at  the 
point  of  their  greatest  accumulation  and  activity.  It  should  be  borne 
in  mind  that  the  typhoid  bacillus,  as  is  the  case  with  many  other  bac- 
teria, may  induce  local  changes  by  means  of  its  endotoxins,  which  are 
set  free  as  the  organisms  disintegrate  after  their  death  in  the  body.* 

Phimary  Characteristic  Lesions. 

We  shall  first  consider  the  lesions  which  are  most  common  and  char- 
acteristic of  typhoid  fever. 

The  lotesttnes. — The  lesions  of  the  intestines  consist  of  an  inflamma- 
tory enlargement  (hyperplasia)  of  the  solitary  lymph-nodules  and  of 
the  agminated  lymph-nodules  (Pcyer'a  patches).  Necrosis  of  the  nod- 
ules with  ulceration  frequently  follows  the  hyperplasia. 

■ForBitudvofexperimenUI  typhoid  see  AIIaa»f.  Ann.  lost.  Pasteur,  t.  xviii.,  p.  701.  ID04.  bibL 
■  For  ■  itudy  of  the  soluble  poisonB  o  the  typhoid  bsciliua  see  Rodet.  LatriffotU.  sad  Al]/  Wakbg, 
Aicb.  de  mU.  exp..  t.  xvi..  p.  367.  1904. 

I  study  of  the  typhoid  baeillua,  with  reference  to  (he  psthology,  diagnogii,  snd  hygjeae  of  Oit 
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The  process  appears  to  begin  with  a  catarrhal  inflammation  of  the 
mucous  membrane,  accompanied  or  immediately  followed  by  changes  in 
the  lymph-nodiiles.  The  lesions  in  the  lymph-nodules  begin  early; 
they  have  been  observed  in  persons  who  have  died  forty-seven  hours 
after  the  commencement  of  the  disease.  The  increase  in  size  of  the 
agminated  and  solitary  nodules  may  be  rapid  or  gradual.  The  nodules 
may  be  only  slightly  enlarged,  or  may  project  far  into  the  lumen  of  the 
intestine.  The  enlargement  is  usually  more  marked  in  the  agminated 
than  in  the  solitary  nodules.  Usually  the  whole  of  a  Peyer's  patch  is 
enlarged,  but  sometimes  only  a  part  of  it.  If  the  enlargement  be 
gradual  the  difTerent  nodules  which  make  up  a  Foyer's  patch  may 
enlarge,  while  the  septa  between  them  remain  but  little  changed,  thus 
giving  the  patch  an  uneven  appearance. 


The  patches  which  are  only  moderately  enlarged  are  of  reddish  or 
reddish  gray  color,  and  soft  and  spongy,  and  their  edges  blend  gradually 
with  the  adjoining  mucous  membrane.  The  patches  which  are  more 
markedly  affected  are  of  grayish  color,  of  firm  consistence,  and  rise 
abruptly  from  the  surrounding  mucous  membrane  (Fig.  136)  or  even 
overhang  it  like  a  mushroom.  The  largest  patches  are  sometimes 
more  than  three-eighths  of  an  inch  thick. 

The  enlargement  and  infiltration  may  spread  from  the  patches  to 
the  surrounding  mucous  membrane,  so  that  the  patches  appear  very 
large;  a  number  of  them  may  become  fused  together,  and  there  may 
even  be  an  annular  infiltration  entirely  around  the  lower  end  of  the 
ileum.  The  infiltration,  limited  at  first  to  Peyer's  patches,  may  extend 
outward  into  the  muscular  coat,  and  appear  in  the  peritoneal  coat  as 
small,  gray,  rounded  nodules.  This  condition  is  usually  found  only 
with  a  few  patches  in  the  lower  end  of  the  ileum;  sometimes  in  the 
csecum  and  appendix  vcrmiformis. 

The  solitary  nodules  are  affected  in  the  same  way  as  Peyer's  patches. 
They  may  be  hardly  enlarged  at  all,  or  be  quite  prominent,  or  may  be 
affected  over  a  larger  portion  of  the  intestine  than  are  the  patches. 
Very  rarely  the  solitary  nodules  are  enlarged,  while  the  patches  are  not 
at  aJl  or  but  slightly  affected. 
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The  inflammation  and  enlargement  of  the  agminated  and  solitary 
nodules  may  be  followed  by  a  healing  process.  The  character  of  this 
process  varies  according  to  the  intensity  of  the  previous  inflammation. 

If  the  reaction  be  slight  and  the  enlargement  of  the  nodules  moderate, 
the  enlargement  gradually  disappears,  and  they  resume  their  normal 
appearance  (resolution).     In  moderate  enlargements  of  Peyer's  patches 
resolution  proceeds  first  in  the  nodules,  leaving  the  septa  between  them 
for  a  time  still  swollen  and  prominent.     This  gives  to  the  surface  of  a 
patch    a  reticulated   appearance.     After  a   time,   however,   the  entire 
patch  becomes  flattened  and  uniform.     On  the  other  hand,  the  solitary 
nodules  or  the  separate  nodules  of  a  patch  may  soften,  break  down,  and 
their    contents   be   discharged   with 
some  attendant  luemorrhage.     This 
leaves  a  bluish  gray  pigmentation, 
due    to   altered   hfemoglobin,  in  the 
situation  of  each   nodule,  and  this 
may  remain  for  years. 

In  more  severe  types  of  the 
disease  the  enlargement  of  the 
nodules  and  Peyer's  patches  ends  in 
ulceration.     This  takes  place  in  two       ^',°  t^phI."  F™.'^'*ra  s^^ut^lj™ 

^^yB :  The  sepaista  smsll  ulcen  are  exUndiii«  ud 

(a)    The    enlarged     nodules    or  '«"'« i"  p"^  amiesced. 

patches     become     necrotic,    soften, 

break  down,  and  discharge  into  the  intestine.  In  this  way  are  formed 
small  ulcers  (Fig.  137).  These  ulcers  increase  in  size  by  the  same 
softening  process,  which  gradually  extends  at  their  edges,  and  in  this 
way  ulcers  of  large  size  may  be  formed. '  The  ulcers  may  extend  out- 
ward to  the  muscularis  or  to  the  peritoneal  coat,  or  they  may  involve 
the  peritoneal  coat  also  and  perforate. 

(6)  In  the  severest  forms  of  the  disease  considerable  portions  of  the 
enlarged  patches  may  slough  and  become  detached,  leaving  large  ulcers 
with  thick,  overhanging  edges  (Fig.  138).  The  slough  may  involve 
only  the  nodules,  or  it  may  involve  also  the  muscular  and  peritoneal 
coats,  and  perforation  may  occur.  These  ulcers  also  may  afterward 
increase  in  size,  and  several  of  them  may  be  joined  together.  When 
the  ulceration  leads  to  perforation,  peritonitis  and  death  are  the  usual 
result.  In  rare  cases,  however,  the  patient  recovers  and  the  perforation 
is  closed  by  adhesions. 

If  the  patient  recover,  the  ulcers  are  covered  by  granulation  tissue, 
their  edges  become  flattened,  the  granulation  tissue  becomes  firmer  and 
denser,  and  this  new  connective  tissue  is  gradually  covered  with  cylin- 
drical epithelium. 

The  minute  changes  which  take  place  in  the  development  of  the 
iotestinal  lesion  are  as  follows: 

■Owinc  to  the  fnqueot  involvsmeDt  of  Peyer'a  patches,  the  laixer  inteatiniil  ulcen  in  typhoid 
feT«r  m  apt  to  have  their  hnweat  diameter  1en«thwiie  of  the  gut  in  eontraat  to  spreadinB  tuberculoue 
ohm.  which,  owinc  to  the  exleniioa  of  the  local  inflammation  along  the  encircling  lymph  channels, 
are  apt  to  haTo  the  loDgeat  diameter  croosiuc  the  (ut.     But  ciceptionB  to  this  general  rule  are  common 
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At  first  the  blood-vessels  aroutid  the  nodules  are  dilated  and  con- 
gested, while  the  nodules  are  swollen  and  the  epithelium  may  fall  off. 
Then  the  nodules  increase  in  size,  largely  from  a  growth  of  new  cells. 

This  cell  growth  is  essentially  a  hyperplasia  of  normal  elements  of 


r  Peteb's  Patches  * 


the  lymphatic  tissue,  namely,  the  lymph  cells  and  the  endothelium  of 
the  trabecule  and  sinuses.  There  arc  thus  two  main  types  among  the 
new-formed  cells;  first,  small  cells  with  relatively  large  and  deeply  stain- 
ing nuclei;  and  second,  larger  polyhedral  or  rounded  cells  with  more 
or  leas  vesicular  nuclei.     The  larger  cells  may  contain  foreign  substances 


FlQ.    139,— ENDOTt 

These  exfoliated  ai 
Md  Bells.  fn«meaU  of 


such  as  red  blood  cells  or  leucocytes  (Fig.  139).  The  occurrence  of 
mitotic  figures  in  the  endothelial  cells  while  these  are  in  ntu,  and  the 
position  and  grouping  of  the  large  cells,  appear  to  prove  their  endothelial 
origin.     The  production  of  new  cells  is  not  confined  to  the  nodules,  but 
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extends  also  to  the  adjacent  mucous  membrane  and  underlying  tiesue. 
In  many  cases  also  little  foci  of  similar  new-formed  cells  are  found  in 
the  muscular,  subserous,  and  serous  coats. 

In  this  stage  resolution  may  take  place;  then  the  new-formed  cells 
degenerate  and  gradually  disappear.  In  severer  forms  of  the  disease 
necrotic  changes  are  apt  to  supervene,  leading  to  the  larger  and  small 
ulcers  above  described.  The  factors  which  determine  the  death  of  the 
hyperplastic  tissues  are  not  yet  fully  understood.  It  is  believed  by  some 
to  be  directly  due  to  toxic  substances  formed  by  the  typhoid  bacilli 
which  kill  the  tissue  cells;  others  are  inclined  to  attribute  it  to  the  pres- 
sure which  the  new-formed  cells  exert  on  the  nutritive  blood-vessels. 


Fis.  110. — Pbaoocttkb  m  tbe  pKiuroLucuuR  Sihdbbi  or  a  Mebkmteiuc  Lihph-hooi  in 
The  IsTge  celb  in  the  ainuses  contain  red  blood  e«lla  find  blood  pisment. 

The  conclusions  on  this  point  which  Mallory  draws  from  a  long  and 
interesting  series  of  studies  would  indicate  that  a  proliferation  of  the 
endothelial  cells  of  the  blood-vessels  may  lead  to  their  occlusion.  This 
observer  describes  the  formation  of  occluding  thrombi  in  the  lymph- 
vessela  and  smaller  veins.  These  are  composed  of  the  proliferated 
endothelial  cells  which  have  degenerated,  together  with  fibrin  whose 
formation  these  degenerating  cells  induce.  The  accumulation  of  serous 
and  fibrinous  exudate  about  these  thrombi,  and  the  necrosis  of  tissue 
which  may  now  ensue  may  soon  be  followed  by  necrosis  of  the  super- 
ficial epithelium  and  the  development  of  ulcers.  The  accumulation  of 
polymorphonuclear  leucocytes  may,  according  to  Mallory,  now  occur, 
and,  in  cases  which  go  on  to  recovery,  healing  follows  by  the  formation 
in  the  usual  way  of  granulation  tissue  with  the  ultimate  restitution  of 
the  surface  epithelium.  Mallory  lays  great  stress  upon  the  phagocytic 
nature  of  the  new-formed  cells  of  the  veins  and  lymph-vessels  (Fig.  140 
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and  Fig.  141).     For  the  significance  of  this  process  and  other  interesting 
details  we  refer  to  the  original  paper.' 

The  lesions  which  we  have  described  are  found  most  frequently  and 
are  most  pronounced  in  the  lower  part  of  the  ileum.  They  are  not 
always,  however,  confined  to  this  situation.  Enlarged  and  ulcerated 
nodules  may  be  found  over  the  entire  length  of  the  ileum  and  even  in 
the  jejunum.  They  may  also  extend  downward  and  be  found  in  the 
colon,  even  as  far  down  as  the  rectum.  Similar  changes  may  take 
place  in  the  appendix  vermiformis.'  A  few  cases  arc  recorded  in  which 
local  nodular  foci  of  new  cell  production,  necrosis,  and  ulceration  are 
limited  to  the  colon.  Clusters  of  typhoid  bacilli  may  be  found  in  these 
nodules.  These  are  usually  irregularly  scattered,  are  not  limited  to  a 
hyperplasia  of  the  lymph-nodules,  and  should  be  dbtinguished  from 
simple  nodular  hyperplasia  with  ulceration.' 


B  Patch  in  thb  Vau 


Mesenteric  Lymph-nodes. — The  mesenteric  nodes  undergo  changes 
similar  to  those  in  the  nodules  of  the  intestines,  and  are  usually  affected 
in  a  degree  corresponding  to  the  intensity  of  the  intestinal  lesion. 

The  nodes  are  at  first  congested  and  succulent;  then  there  is  a  pro- 
duction of  lymphoid  cells  and  large  cells  as  in  the  intestinal  nodules, 
and  the  node  becomes  enlarged.  When  the  enlargement  has  reached 
its  full  extent,  congestion  diminishes,  and  the  cells  begin  to  degenerate. 
The  degeneration  may  take  place  slowly,  and  then  the  node  gradually 
returns  to  its  normal  condition;  or  more  rapidly,  and  then  little  foci  of 
necrotic,  purulent  material  are  formed.  If  the  patient  recover  the 
small  foci  are  absorbed,  leaving  a  fibrous  cicatrix;  the  larger  foci  may 
become  dry,  necrotic,  and  enclosed  in  a  fibrous  capsule.  Intense  exu- 
dative inflammation  may  occur  in  the  nodes,  which  may  be  densely 
infiltrated  with  serum,  fibrin,  and  pus. 

The  Spleen. — In  nearly  every  case  of  typhoid  fever  the  spleen  is 
enlarged.  This  enlargement  begins,  as  a  rule,  soon  after  the  commence- 
ment of  the  disease,  increases  rapidly  until  the  third  week,  remains 
stationary  for  a  few  days,  and  then  diminishes.     The  organ  is  congested, 

I  Molbrrv.Jounuil  at  EiperimenUl  Medicine,  vol.  iii..  p  Sll.  1S9S. 

■  For  a  Btudy  of  the  distribution  of  typhoid  ulcera  see  Baer,  Am.  Jour.  Med.  ScL,  Tol  cnvii.,  p- 
787,  1904. 

>Sea  Whipple,  Johni  Hopkiiu  Hasp.  Bull.,  voL  ivji.,  p,  281,  1906. 
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of  dark  red  color,  and  of  firm  consistence  while  it  ia  increasiog  in  size. 
After  it  has  reached  its  maximum  size,  its  consistence  becomes  soft,  and 
there  is  a  considerable  deposit  of  brown  pigment.  The  enlargement 
appears  to  be  due  to  congestion  and  hyperplasia. 

Mallory  describes  proliferation  of  endothelial  cells,  especially  in  the 
blood-vessels  and  pulp  spaces,  and  the  formation  of  venous  thrombi. 

In  rare  cases  the  softened  spleen  ruptures,  with  an  extravasation  of 
blood  into  the  peritoneal  cavity.  There  may  be  infarctions  of  the 
spleen,  which  sometimes  soften  and  may  apparently  lead  to  peritonitis. 

The  Liver. — The  liver  may  present  no  apparent  lesion.     It  is,  how- 
ever, frequently  targe,  pale  and  flabby,  and  in  this  condition  the  liver 
cells  may  be  the  seat  of  simple  albu- 
minous degeneration. 

Less  frequently  there  are  present 
in  the  liver  very  small,  soft,  grayish 
nodules  (Fig.  142).  These  focal 
lesions  are  sometimes  too  small  to  be 
distinguished  by  the  naked  eye. 
They  may  be  situated  about  the 
branches  of  the  portal  vein  or  within 
the  lobule.  Some  of  these  nodules 
consist  of  masses  of  small  spheroidal 
cells,  which  may  form  a  diffuse  in- 
filtration along  the  small  veins.  Fia.  142.— Foc«l  area  or  Endothiuai^ 
Hallory  distinguishes  two  distinct  ■^PBoio'Fii'v'H*^'"''  '"  ™'  ^"'^  "> 
varieties   of  these  focal  lesions:  one 

formed  in  the  lymph  spaces  and  vessels  in  the  capsule  of  GlisBon  by 
a  proliferation  of  the  endothelium  (Fig.  143);  the  other  due  to  obstruc- 
tion of  liver  capillaries,  in  part  by  the  proliferation  of  endothelium 
on  the  spot,  ia  part  by  emboli  of  endothelial- cell  origin,  which  are 
derived  through  the  portal  circulation  from  the  vessels  of  the  spleen 
and  intestine.  Necrotic  changes  may  develop  in  and  about  these  focal 
cell  accumulations. 

Simple  focal  necroses  of  the  liver  and  of  other  viscera,  due  to  the 
action  of  toxic  substances  in  the  body  fluids,  may  occur  in  typhoid  fever 
as  in  many  other  infectious  diseases.' 

While  small  foci  of  cell  proliferation  may  be  present  in  the  kidneys 
as  well  as  in  other  viscera,  their  occurrence  is  neither  so  frequent  nor  so 
characteristic  as  in  the  liver. 

In  typhoid  fever  as  in  other  infectious  diseases  toxsemia  may  be  mani- 
fested by  disturbances  in  the  circulatory,  respiratory,  and  heat-regu- 
lating mechanism,  and  in  general  metabolism,  as  well  as  by  manifest 
lesions,  such  as  albuminous  or  other  degeneration  of  parenchyma  cells 
throughout  the  body,  and  alterations  leading  to  leucocytosis. 
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Secondary  Leuons. 


In  addition  to  Ihe  more  characteriatie  leaions  of  typhoid  fever  which  we  have 
described,  there  are  several  of  secondary  or  complicating  nature.  These  ar«  of  suffi- 
ciently frequent  occurrence  in  the  disease  to  require  brief  mention.  They  are  in  part 
due  to  the  direct  action  of  tlie  typhoid  bacillus  or  its  soluble  poisons;  in  part,  how- 
ever, are  brought  about  by  eecondary  bacterial  infections,' 

The  Diqestive  Orqanb,— In  the  inleetiiie  there  may  be  gangrene,  sometunes 
involving  the  tissues  about  the  ulcers,  sometimea  apart  from  these.  There  inay  be 
croupous  inflammation  of  the  intestinal  mucous  membraneof  either  the  large  or  small 
intestine.  A  slight  peritonitis  sometimes  accompanies  the  intestinal  lesion.  A  severe 
peritonitis  is  usually  due  to  perforation,  less  frequently  to  ulcers  which  reach  lie 
serous  coat,  but  do  not  perforate.  When  there  is  infiltration  of  the  serous  coat  with 
(he  new  cell  growth,  described  above,  peritonitis  may  be  associated  with  a  produc- 
tion of  little  gray  nodules  of  the  same  character  throughout  the  peritoneum.      In- 


ThtB  cut  Bhom  a  more  highly  magnified  poll 

farctions  of  the  spleen,  inflammation  of  the  ovaries,  and  perforation  of  the  gall- 
bladder are  sometimes  the  Inciting  factors  in  peritonitis. 

Hemorrhage  from  the  intestines  may  be  slight  and  due  to  the  inflammatory 
swelling  and  congestion  of  the  mucous  membrane;  or  it  may  be  due  to  the  ulceration 
ofthe  follicles  and  opening  of  the  blood-vessels,  and  is  then  often  profuse. 

There  may  be  hyperplasia  of  the  tonsils  and  of  the  lymphoid  tissue  at  the  base  of 
the  tongue.  Gangrenous  ulcers  of  the  sides  and  floor  of  the  mouth  may  be  present. 
Catarrhal  and  croupous  inflammation  of  the  pharynx  may  be  associated  with  super- 
ficial or  deep  ulceration.  Inflammation  of  the  parotid  leading  to  suppuration  is  not 
infrequent.  The  submaxillary  gland  may  be  similarly  affected.  Enlai^ement  and 
induration  of  the  salivary  glands  and  of  the  pancreas  in  typhoid  fever  have  been 
described  and  are  believed  to  be  due  to  hyperplasia  of  the  gland  cells  with  accumula- 
tion of  their  secretion.     This  may  be  followed  by  degeneration. 

The  CiRCULATORr  Organs. — The  heart  in  many  cases  is  the  seat  of  albuminous, 
fatty,  or  hyaline  degeneration,  or  of  pigmentation.  Myocarditis,  endocarditis,  and 
pericarditis  are  of  occasional  occurrence.    Thrombi  may  form  upon  the  valvesorin the 

'For  bibliography  of  the  Filts-mtcalmal  Inioiu  induced  by   the  typhoid  bacillua,  »a  BolnirA 

Phibdelphis  Monthly  Med.  Jour.  vol.  i..  No.  7.  p,  402,  1899. 
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heart  cavities,  and  detached  fragments  of  these  may  be  lodged  as  emboli  in  various 
parts  of  the  body.  The  arteries  may  be  the  seat  of  acute  inflammation.  If  this  in- 
volve the  intima,  an  occluding  thrombus  may  be  formed  which  may  lead  to  gangrene 
of  the  pmrt  supplied  by  the  vessel,  Thrombosis  of  the  veins  is  common,  and  especially 
frequent  in  the  femoral  vein  late  in  the  disease.^ 

The  Respiratory  Organs. — The  larynx  is  frequently  the  seat  of  catarrhal 
inflammation,  with  or  without  superficial  erosions.  Less  frequently  there  is  croupous 
inflammation,  followed  in  some  cases  by  destructive  ulceration;  oedema  of  the  glottis 
occasionally  occurs. 

Tfie  Lungs. — Catarrhal  inflammation  of  the  large  bronchi  is  very  common.  Bron- 
cho-pneumonia occurs  in  two  forms.  There  may  be  a  severe  inflammation  of  most  of 
the  bronchi  of  both  lungs,  with  cellular  infiltration  of  the  walls  of  the  bronchi  and 
zones  of  peribronchitic  pneumonia;  or  there  may  be  an  intense  general  bronchitis, 
with  lobules  of  the  lung  corresponding  to  obstructed  bronchi,  either  collapsed  or  in- 
flamed, or  both. 

From  the  long-continued  recumbent  position  of  the  patients,  the  posterior  por- 
tions of  the  lungs  become  congested,  dense,  and  unaSrated.  Sometimes,  in  addition 
to  this,  irregular  portions  of  the  lungs  become  hepatized.  Less  frequently  there  is 
acute  lobar  pneumonia.  Infarctions  are  not  uncommon,  and  gangrene  occasionally 
occurs,  either  associated  with  lobular  pneumonia  or  with  infarctions,  or  as  an  indepen- 
dent condition.    Fibrinous  pleurisy  and  empyema  are  not  infrequent.* 

The  Genito-urinart  Organs. — The  kidneys  are  occasionally  the  seat  of  an  acute 
inflammation.  Catarrhal  and  croupous  and  nodular  inflammation  of  the  bladder  may 
occur.  Hsemorrhage  and  gangrenous  inflammation  in  the  ovaries  have  been  recorded; 
the  uterus  may  be  involved.'  Orchitis  and  epididymitis  may  develop  during  conva- 
lescence.* 

The  Nervous  System. — In  addition  to  chromatolytic  changes  in  the  ganglion 
cells  which  are  common  to  many  infectious  diseases,'  there  may  be  thrombosis  of  the 
venous  sinuses  and  obliterating  endarteritis.  Acute  meningitis  is  rare.*  Degenera- 
tion and  inflammation  of  the  peripheral  nerves  may  occur. 

Suppurative  inflammation  may  occur  in  almost  any  part  of  the  body  in  typhoid 
fever.  This  may  be  in  the  form  of  boils  or  of  deep  abscesses.  Post-pharjmgeal  sup- 
puration is  often  one  of  the  most  serious  of  these  complications.  Post-typhoid  bone 
lesions  are  often  important.' 

SEPTiCiEMic    Forms    of    Typhoid    Fever    Without    Characteristic 

Local  Lesions. 

Typhoid  fever  may  occur  without  the  characteristic  intestinal  and 
associated  lesions.  In  this  septicaemic  type  of  the  disease  there  may  be 
no  demonstrable  lesions  other  than  those  which  are  due  to  the  toxaemia.' 
On  the  other  hand,  inflammatory  processes  in  the  viscera — lungs,  kid- 
ney, spleen,  etc. — may  be  dependent  on  the  presence  of  the  typhoid 
bacillus.     The  lesions  in  such  cases  are  not,  so  far  as  we  yet  know, 

I  See  an  analysis  of  forty-two  cases  of  venous  thrombosis  in  typhoid  fever,  Thayer^  Trans.  Assn. 
Ain.  Phyv.,  voL    ix.,  p.  164,  1904. 

'  For  pulmonary  complications  see  Robinson^  Proc.  Phila.  Path.  Soc.,  vol.  viii.,  p.  141,  1905. 
'  Lartigau^  New  York  Med  Jour.,  vol.  IxxL,  p.  944,  1900,  bibL 

*  See  KinnicttU,  Trans.  Assn.  Amer.  Ph3r8.,  voL  xvi.,  p.  145,  1901. 

*For  a  study  of  ganglion  cells  in  cases  of  typhoid  fever  see  NtchoU,  Jour,  of  Exp.  Med.,  vol.  iv., 
p.  189,  1S99,  bibL  See  also  Ewing,  "Studies  on  Ganglion  Cells,"  Archives  of  Neurology  and  Psycho- 
patbolocy.  voL  i..  p.  263,  1898. 

*  For  study  of  typhoid  meningitis  see  Cole,  Johns  Hopkins  Hosp.  Reports,  vol.  xii.,  p.  379,  1904. 
'  PoraofM,  Johns  Hopkins  Hosp.  Rep.,  vol.  v.,  p.  417,  1895.     For  a  study  of  bone-marrow  in 

tgrphoid  and  other  infections  see  Longcope,  Proc.  Phila.  Path.  Soc,  vol.  viii.,  p.  49,  1905. 

*C<mati\t  in  this  connection,  for  cases  and  bibl.,  Chiari,  Zeitschrift  f.  Heilkunde,  1897;  LartigaUf 
New  York  Med.  Jour.,  vol.  Ixx.,  p.  158,  1899;  also  Johns  Hopkins  Hosp.  Bull.,  April,  1899;  OphitU, 
N.  Y.  Med.  Jour.,  May  12th.  1900. 
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characteristic,  and  the  post-mortem  diagnosis  depends  largely  upon  the 
identification  of  the  bacillus. ' 

DiSTHIBUTION    OF    THE    TYPHOID    BaCILLUS    IN    THE    BODY    IN    TyPHOID 

Fever. 

In  the  early  stages  of  the  disease  the  bacillus  may  be  found  in  the 
lymphatic  structures  of  the  intestines  and  in  the  mesenteric  lymph- 
nodes  and  the  spleen.     It  may  be  present  in  lesions  involving  the  bone- 
marrow,  kidney,  liver,  lungs,  pleura,  uterus, 
testicle,  and  in  the  rose  spots  of  the  skin,' 
as  well  as  in  the  blood,  where  it  may  be 
found    in   a   large   proportion    of    cases.' 
Typhoid   bacilli   have   been  found   in  the 
urine  in  about  20  per  cent,  of  cases  in  the 
third  and  fourth  weeks,  and  in  the  bile, 
and  may  persist  in  both  of  these  and  in  the 
fEEces  long  after  the  establishment  of  con- 
valescence.'    They  may  be  found,  though 
not  in  such   abundance   as  was  formerly 
assumed,  in  the  intestinal  contents   after 
the  disease  has  become  well  established.' 
Fio  i«— Clobiiib  OF  ttphoid       Their  abundance  here  appears  to  depend 
Bacilli  in  imi  Splmh.  somewhat   upon   the  degree  of   intestinal 

ulceration.  In  the  viscera  they  are  apt 
to  occur  in  larger  and  smaller  masses  or  clusters  (see  Fig.  144).  The 
typhoid  bacillus  may  be  transmitted  through  the  placenta  to  the  fcetus.* 
Typhoid  bacilli  may  be  present  alone  or  in  association  with  other 
germs  in  the  foci  of  suppuration  which  so  frequently  complicate  typhoid 
fever,  also  in  the  exudate  in  inflammations  of  the  serous  membranes 
and  in  the  endocardial  vegetations.' 

Ifized  Infection.— Some  of  the  inflammatory  complications  which 
occur  in  typhoid  fever  are  due  to  the  growth  of  the  bacillus  in  unusual 
places  in  the  body;  but  many  of  them  are  due  to  a  secondary  infection 
with  other  germs,  notably  with  the  pyogenic  cocci,*  also  with  the  colon 
bacillus  and  the  pneumococcus.* 


'  See  Praa,  Jour.  Boat,  ^c,  Med.  Sc[..  vol.  iii.,  p.  170.  ISDfi. 

■  See  Coltman  and  Butlon,  Jour.  Med.  R«.,  ivi..  S3,  1W9. 

'  O^un.  Johns  HopkLog  Hosp.  Bull.,  vol.  X..  p.  100.  1890;  abo  CurKAmann,  an  typht 
insbener  med.  Wochecachr..  October  leth,  1900. 

'  Hiim.  Med.  News,  U^.  1901. 

•  Ref.  Lartiffau.  New  York  Med.  Jour.,  vol.  kxi..  p.  91i.  1900. 

^  See  Fiona;  Jour,  of  Path,  and  Bact..  vol.  iii..  p.  202,  ISOS,  and  Jobna  Hopkins  Hos| 
I  v..  p.  343:  aUo  Mat^,  "  Traits  de  Bei^Uriologie."  1001. 

■For  full  consideration  of  the  pyogenic  powera  of  the  typhoid  baoiUua,  cor 
noaiki.  Ziogler's  Beitr.  i.  path.  Anat.,  etc.,  Bd.  nvii.,  p.  Z21,  1895. 

•Ke™,  "Surgical  ComplicalioM  of  Typhoid  Fever,"  1898.     Sort,  " The  Medical  Complicalieo' <>' 
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Modes  of  Infection  with  the  Typhoid  Bacillus. 

Infection  with  the  typhoid  bacillus  seems  usually  to  occur  through  the 
gastro-intestinal  canal.  In  very  many  cases  the  bacilli  are  conveyed  by 
means  of  food,  especially  of  milk  and  drinking-water,  which  have  been 
polluted  with  the  excretions — ^faeces  and  urine — of  persons  suffering  or 
convalescent  from  the  disease.  Many  serious  epidemics  of  typhoid  fever 
have  been  traced  to  pollutions  of  milk  and  drinking-water  from  such 
sources.^ 

Oysters  which  have  been  taken  from  grossly  polluted  waters,  as  near 
sewer  openings,  have  been  the  means  of  conveying  the  germs.'  There 
is  abundant  evidence  that  flies  convey  the  infectious  material  from 
undisinfected  discharges.' 

In  milk  the  typhoid  bacillus  not  only  remains  alive  for  long  periods, 
but  undergoes  active  multiplication.  It  may  remain  long  alive  in  water 
but  in  steadily  diminishing  numbers.*  In  the  soil  and  when  dried  it 
may  remain  alive  for  months.  Frozen  in  ice  it  has  been  found  alive  after 
more  than  three  months,  but  here  also  the  bacilli  are  gradually  reduced 
in  number  and  finally  die  out.  It  is  readily  killed  by  exposure  to  strong 
sunlight. 

Typhoid  Carriers. — While  the  presence  of  typhoid  bacilli  in  the  bile 
and  gall-bladder  has  been  recognized  for  some  time,  it  is  only  compar- 
atively recently  that  it  has  become  definitely  and  widely  known  that  the 
typhoid  bacilli  may  remain  in  the  gall-bladder  for  many  years.  Park 
states  that  from  1  to  5  per  cent,  of  typhoid  convalescents  may  continue 
to  pass  typhoid  bacilli  for  years.*  In  these  cases  the  bacilli  may  be 
continually  discharged  in  the  faeces.  Such  persons  are  called  "typhoid 
carriers"  and  if  they  are  of  uncleanly  habits  or  are  engaged  in  handling 
foods  as  cooks,  milkmen,  etc.,  may  lead  to  the  infection  of  many  persons. 

Immunity  and  Preventive  Inoculations. 

One  attack  of  typhoid  successfully  overcome  gives  a  certain  measure  of  protection, 
though  this  is  not  absolute,  against  another.  Animal  experiments  have  shown  that 
it  is  possible  to  secure  immunity  against  deadly  doses  of  typhoid  bacilli,  either  by  the 
inoculation  in  increasing  amounts  with  sensitized  living  typhoid-bacillus  cultures,  or 
by  the  injection  of  suspensions  of  the  bodies  of  the  dead  bacilli. 

Preventive  inoculaliana  have  been  practised  on  a  large  scale  in  man  by  the  method 
of  Hafifkine  with  apparently  favorable  results.  In  this  method  cultures  of  the  bacillus 
are  killed  by  heat  and  an  emulsion  in  salt  solution  is  injected  subcutaneously.* 

1  Freeman^  New  York  Med.  Rec.,  Mar.  28th,  1896,  bibl.;  abo  Vaughan,  Jour.  Amer.  Med.  Assn., 
Apr.  19th,  1902,  p.  979.  For  rdsumi  with  bibl.  of  viability  of  typhoid  bacillus  under  various  conditions 
•ee  Wheder,  Jour.  Med.  Res.,  vol.  xv.,  p.  269,  1906. 

*  Freeman^  Albany  Med.  Annals,  vol.  xviii.,  1897,  bibl. 

'  See  reference,  p.  151;  also  report  on  typhoid  fever  in  U.  S.  Military  Camps  during  Spanish  War 
of  1898.  by  Aeed,  Vaughan^  and  Shakespeare,  1900;  also  experimental  study  by  Picker,  Arch.  f.  Hygiene, 
B<L  xlvi,  1903.  p.  274. 

*Soe  Jordan,  Rtusell,  and  Zeit,  Jour.  Inf.  Dis.,  voL  i.,  p.  641,  1904;  also  Russell  and  Fuller,  ibid., 
SappL  No.  2.  Feb.,  1906.  p.  40. 

*  For  tsrphoid  carriers,  see  Park  and  Williams,  Pathogenic  Bacteria."  p.  287,  1910;  also  Ledingham, 
Carrier  Problem  in  Infect.  Diseases,  1912,  bibl.;  Chapin,  Sources  and  Modes  of  Infection,  New  York, 
1912;  and  Oraham  Smith,  Flies  in  Relation  to  Disease,  Cambridge,  1913. 

*  See  for  a  review  of  this  method,  Wright,  Practitioner,  Mar.,  1904,  and  Brit.  Med.  Jour.,  Nov.  12th, 
p.  1433.  1904. 
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There  is  a  slight  and  temporary  local  and  general  reaction  which  may  be  mane- 
fested  with  diminished  intensity  on  the  subsequent  injections  made  after  a  few  days' 
interval. 

As  the  result  of  this  method  it  has  been  found  both  by  the  English  and  by  the 
German  observers  of  the  effects  in  the  army  and  among  attendants  upon  typhoid 
cases,  that  considered  in  a  large  way  and  comparing  over  a  hundred  thousand  cases 
injected  with  dead  bacilli  with  equal  numbers  not  injected  and  exposed  to  similar 
conditions,  there  were  fewer  cases  of  typhoid  among  the  inoculated  than  in  the  other 
group,  and  the  disease  when  occurring  in  an  inoculated  subject  was  likely  to  be  less 
severe  in  type  than  among  the  others. 

In  the  United  States  more  recently  this  method  of  preventive  inoculation  has  been 
practised  on  a  large  scale  in  the  army  with  favorable  results.* 

Agglutinins,  Precipitins,  and  Opsonins. 

We  have  seen  in  an  earlier  section  of  this  book  (p.  179)  that  in  the  adaptation 
of  a  living  body  to  certain  alien  organic  substances,  among  which  are  bacteria  and  their 
toxins,  the  serum  of  the  adapted — or  in  the  case  of  micro-organisms,  of  the  immunized 
— ^individual  may  contain  substances  which  are  agglutinative  for  the  particular  species 
of  micro-organism  involved.  By  the  use  of  this  phenomenon  of  agglutination,  a 
method  of  clinical  diagnosis  of  considerable  value  has  been  devised  and  much  employed 
especially  in  typhoid  fever.' 

Specific  precipitins  also  are  formed  in  the  adaptation  of  the  organism  to  the  typhoid 
bacillus.' 

Opsonins  are  formed  in  animals  artificially  immunized  to  the  typhoid  bacillus  and 
also  in  man  during  typhoid  fever..  But  determination  of  the  opsonic  index  is  diflBcult 
owing  to  the  rapid  lysis  of  the  bacilli  in  the  serum  and  in  the  phagocytes. 

The  Typhoid  and  Colon  Bacillus. 

Much  difficulty  has  been  encountered  in  distinguishing  between  the  typhoid 
bacillus  and  various  forms  of  the  colon  bacillus  when  they  occur  together,  as  may  be 
the  case  in  contaminated  water  or  in  the  dejecta  of  persons  suffering  from  typhoid 
fever.  As  a  result  of  this  difficulty  a  very  close  relationship  has  been  assumed  between 
typhoid  and  colon  bacilli.  This  assumption  is  not  wholly  justified  by  the  facts,  since 
many  of  the  biological  as  well  as  some  of  the  morphological  characters  of  the  two  are 
quite  dissimilar. 

The  difficulty  in  distinction  is  largely  limited  to  the  identification  of  colonies  on 
the  common  media  usually  employed  in  the  gelatin  and  agar  plates.  Hiss  has  shown 
how  by  a  slight  modification  of  the  common  methods  the  growth  of  each  form  is  quite 
characteristic,  so  much  so  that  pure  cultures  may  be  made  from  the  first  mixed  plates 
without  difficulty.*  When  once  the  two  forms  are  separated,  distinguishing  characters 
are  readily  demonstrable.* 

Method  of  Staining  the  Typhoid  Bacillus. 

The  bacilli  from  artificial  cultures  stain  readily  with  the  ordinary  anilin  dyes,  such 
as  fuchsin  and  methylene  blue.     In  sections,  however,  they  do  not  stain  so  readily. 

» See  Russell,  The  Harvey  Lectures,  Philadelphia,  1912-1913.  also  Am.  Joum.  Med.  Sd.,  1913. 
cxlvi,  803. 

2  For  further  details  of  agglutination  we  refer  to  the  works  on  clinical  pathology,  and  for  biblioc* 
raphy  to  Craw,  Jour.,  of  Hygiene,  vol.  v.,  p.  113,  1905. 

»  Norris,  Jour.  Inf.  Dis.,  I.,  463,  1904. 

*  Hiss,  Jour.  Exp.  Med.,  vol.  il.,  p.  677,  1897;  Jour.  Med.  Research.,  vol.  viii.,  9102,  p.  148:  also 
Hiss  and  Russell,  Med.  News,  Feb.  14th,  1903. 

*  For  a  study  of  agglutinative  reactions  of  the  colon- typhoid  group  see  Bruns  and  Kayser  Zeitscb' 
f.  Hyg.  u.  Infkr.,  vol.  xliii.,  1903,  p.  401,  bibl. 
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They  are  decolorized  by  Gram.  They  may  be  stained  by  ZiehVs  soliUion  (see  p.  258). 
Stain  for  half  an  hour,  decolorize  in  alcohol,  clear  in  oil  of  cedar,  mount  in  balsam. 
The  decolorization  in  alcohol  should  be  carefully  done  to  avoid  the  rempval  of  too 
much  color.  Flexner  recommends  the  staining  in  Ldffler*s  methylene-blue  solution  for 
t^ro  hours;  then  put  in  acetic-acid  solution  1:1,000  for  several  minutes;  dehydrate  in 
absolute  alcohol;  clear  and  differentiate  in  oil  of  cloves;  mount  in  balsam.  The  aim 
in  both  of  these  methods  is  to  leave  the  nuclei  faintly  colored,  but  not  so  much  so 
as  to  conceal  the  clusters  of  more  deeply  stained  bacilli. 

Bibliography  of  Typhoid. — ^For  a  rSsumi  of  the  studies  on  the  typhoid  bacillus 
and  its  relationship  to  this  disease  see  KvtscheTj  Kolle  and  Wassermann's  "  Handbuch 
der  Mikrooorganismen,"  2d  edition,  1913,  Bd.  iii.,  p.  717.  For  studies  on  various 
phases  of  typhoid  infection  see  Johns  Hopkins  Hosp.  Rep.,  vol.  viii.,  1900. 

Paratyphoid. 

Recently  a  group  of  cases  of  continued  fever  has  been  recognized  which  gives  the 
general  clinical  picture  of  typhoid  fever,  but  in  which  the  serum  does  not  agglutinate 
the  typhoid  bacillus,  and  cultures  reveal  a  bacillus  in  some  respects  resembling  but  not 
identical  with  the  typhoid  bacillus,  and  apparently  intermediate  between  this  and  the 
B.  coli  communis.  This  bacillus  has  been  called  the  paratyphoid  bacillus,  and  it  is 
agglutinated  by  the  serum  of  the  cases  in  which  it  occurs.  The  intestinal  and  other 
lesions  of  this  disease,  which  is  called  parat3rphoid,  so  far  as  they  are  known,  are  not 
those  characteristic  of  typhoid  fever.  The  reports  of  autopsies  are  not  yet  numerous 
enough  to  furnish  reliable  data  as  to  lesions  which  thus  far  have  been  slight  and  appa- 
rently insignificant.'  The  limitations  of  this  book  do  not  permit  us  to  enter  in 
detail  into  the  subject  of  paratyphoid  and  its  bacillus,  in  which  considerable  uncer- 
tainty still  prevails.'  Regarding  the  value  and  significance  of  the  agglutination  test 
the  reader  should  consult  works  on  clinical  diagnosis. 

DYSENTERY. 

This  form  of  infectious  colitis  is  regularly  associated  with  and  doubt- 
less incited  by  bacilli  of  the  colon-typhoid  group,  Bacillus  dysenteric 
or  Shiga's  bacillus.  It  is  a  short  rod,  rounded  at  the  ends,  staining  easily, 
decolorized  by  Gram's  method,  growing  readily  in  cultures.  There  are 
several  types  of  dysentery  bacilli  having  somewhat  different  biological 
characters.* 

For  the  lesions  of  this  disease  see  page  677. 

ASIATIC  CHOLERA. 

Asiatic  cholera  is  a  disease  incited  by  the  growth  and  proliferation 
in  the  intestines  of  a  slightly  curved  or  spiral-shaped  bacterium,  which 
is  called  the  cholera  spirillum — Spirillum  cholerce  Asiaticce  (Vibrio 
cholerae  Asiatic«).  This  organism  in  the  early  and  active  stages  of  the 
disease  may  be  present  in  enormous  numbers  in  the  contents  of  the 
small  intestine,  often  penetrating  the  mucosa.  It  is  usually  confined 
to  this  situation.  Its  deleterious  effects  upon  the  body  appear  to  be 
largely  due  to  the  production  of  toxic  substances,  which  in  addition  to 

^  See  WtiU  and  Scott,  Jour,  of  Infec.  Dis.,  vol.  i.,  1904,  p.  72;  also  Pratt,  Bost.  Med.  and  Surs. 
Jour.,  voL  cxlviii.,  p.  137,  1903. 

*  For  a  risumi  of  this  subject,  see  Libman,  Jour,  of  Med.  Research,  vol.  viii.,  1902,  p.  168;  also 
Fox,  ButL  Univ.  Penn.,  vol.  xviii.,  p.  52,  1905,  and  Proescher  and  Reddy,  Arch.  Int.  Med.,  v.,  263,  1910, 
bibl;  abo  Kolle  and  Wasaermann,  2d  edition,  1913,  iii.,  1005. 

'  See  Hits  and  Zinaur,  Text-book  of  Bacteriology,  2d  edition.  New  York  1914. 
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serious  intestinal  irritation  or  lesion  may  on  absorption  incite  those 
systemic  disturbances  which  characterize  profound  toxaemia. 

Lesions  of  Asiatic  Cholera. 

In  some  cases  of  cholera  there  are  no  marked  changes  to  be  found 
after  death,  and  in  no  case  are  the  lesions  distinctive  of  this  disease. 

If  death  occur  during  the  invasion  of  the  disease  or  in  the  stage  of 
collapse,  the  appearances  in  the  more  marked  cases  may  be  summarized 
as  follows: 

The  bodies  may  remain  warm  for  some  time,  and  the  temperature 
may  rise  for  a  short  time  after  death.  The  rigor  mortis  usually  begins 
early  and  lasts  for  an  exceptionally  long  time.  The  muscles  sometimes 
exhibit  a  peculiar  spasmodic  twitching  before  the  rigor  mortis  sets  in, 
especially  the  muscles  of  the  hand  and  arm. 

The  skin  is  of  a  dusky  gray  color;  the  lips,  eyelids,  fingers,  and  toes 
are  of  a  livid  purple.  The  ends  of  the  fingers  are  shrivelled,  and 
the  cheeks  and  eyes  sunken. 

The  Brain. — The  sinuses  of  the  dura  mater  are  filled  with  dark,  thick 
blood.  The  pia  mater  may  be  normal,  or  oedematous,  or  ecchymotic, 
or  infiltrated  with  fibrin.  The  brain  is  usually  normal,  but  may  be  dry 
and  firmer  than  usual. 

The  lungs  are  retracted  and  anaemic,  the  pleura  may  be  dry  or  coated 
with  fibrin.  The  heart  is  normal.  The  peritoneum  may  be  dry  or  coated 
with  a  layer  of  fibrin. 

The  stomach  is  usually  unchanged,  but  may  be  the  seat  of  catarrhal 
inflammation.  The  Small  Intestine. — There  may  be  ecchymoses  in  the 
mucous  membrane;  the  mucous  membrane  may  be  soft  and  oedematous; 
there  may  be  general  congestion,  or  the  congestion  may  be  confined  to 
the  peripheries  of  the  solitary  and  agminated  nodules,  and  these  nodules 
may  be  swollen;  or  there  may  be  croupous  inflammation  and  superficial 
necrosis.  All  these  changes  are  usually  most  marked  at  the  lower  end 
of  the  small  intestine.  There  is  apt  to  be  post-mortem  desquamation  of 
the  epithelium.  The  characteristic  rice-water  fluid  may  be  found  in  the 
intestines  after  death,  or,  instead  of  this,  dark-colored,  bloody  fluid. 
The  large  intestine  is  usually  normal,  but  in  some  epidemics  croupous 
inflammation  occurs  in  a  considerable  number  o:  cases. 

The  spleen  may  be  soft.  The  Uver  may  show  small  areas  of  granu- 
lar or  fatty  or  hyal  ne  degeneration. 

The  kidneys  are  often  increased  in  size,  with  white  and  thickened 
cortex  and  congested  pyramids.  The  epithelium  of  the  cortical  tubes 
may  contain  coarse  granules  and  fat  globules,  or  be  necrotic.  The  tubes 
may  contain  casts  and  disintegrated  epithelium.  The  uterus  and  ovaries 
may  be  congested  and  contain  extravasated  blood. 

If  the  patient  do  not  die  until  the  stage  of  reaction,  the  body  does 
not  present  the  same  collapsed  appearance,  and  there  are  often  inflam- 
matory changes  in  different  parts  of  the  body,  especially  in  the  larynx, 
the  lungs,  the  stomach,  and  the  intestines. 
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ChaiBctera  of  the  Cholera.  Spirillum. 

Tbe  cholera  spirillum,  which  was  discovered  by  Koch  in  1885,  is  a  curved  rod  with 
rounded  ends,  from  0.8  to  2.0  fi long,  SBporogcnous,  aerobic,  and  motile.  When  grow- 
ing under  suitable  conditions  these  rods  are  apt  to  cling  together  by  their  ends,  forming 
8-sbaped  structures  or  spirals,  often  of  considerable  length  (Fig.  145).  The  organism 
ataiosreadily  and  grows  abundantly  on  the  ordinary  culture  media.  The  life  period  is 
short  and  various  degenerative  "  involution"  forms  are  apt  to  be  present  in  old  cultures. 
It  grows  best  at  about  blood  heat;  growth  ceases  at  about  16°  C,  but  may  survive  a 
reduction  of  the  temperature  to  -10°  C.  It  is  quickly  killed  by  drying  or  by  the  tem- 
perature of  boiling  water.  Acids  are  inimical  to  its  growth.  It  may  retain  its  vital- 
ity for  a  considerable  time  in  water.  On  moist  surfaces, 
such  as  damp  linen,  earth,  vegetables,  or  in  milk,  it  may 
rapidly  proliferate. 

Pathogenesib. — The  results  of  animal  experiments  I 

with  the  cholera  germ  are  not  in  themselves  decisive  in  ^ 

determining  its  relationship  to  this  disease,  since  animals 
do  not  react  in  its  presence  as  man  does.      However,  the 

constant  occurrence  of  this  organism  in  Asiatic  cholera,        p^,  145, Spuullch  Chol- 

its  absence  from  the  body  under  other  conditions,  and  ers  Asiatics. 

the  accidental  laboratory  infections  which  have  several  From  a  ouiture. 

times   occurred   in   men   handling   pure   cultures  of  tbe 
genn,  leave  no  doubt  as  to  its  significance  as  the  excitant  of  this  disease. 

Bacterial  DiAONoaia. — It  is  often  of  the  highest  importance  to  determine,  at 
the  earliest  possible  moment,  whether  or  not  a  suspected  case  be  one  of  Asiatic  cholera 
or  some  other  form  of  acute  intestinal  disorder,  so  that  in  the  former  case  the  proper 
measures  may  be  instituted  to  prevent  the  spread  of  the  disease.  The  characters 
which  are  developed  in  cultures  of  the  cholera  bacillus  enable  an  expert  bacteriologist 
to  distinguish  this  organism  from  all  other  known  forms.  But  the  scope  of  this  work 
does  not  permit  a  detailed  description  of  the  cultural  peculiarities  of  the  germ.  Nor 
should  the  responsibility  of  such  determinations  be  assumed  without  adequate  pre- 
liminary laboratory  experience.  By  taking  together  the  morphological  and  biological 
charactei^,  it  is  possible,  usually  on  the  second  or  third  day,  to  determine  whether  the 
intestinal  contents  of  a  suspected  case  do  or  do  not  contain  the  bacillus  of  Asiatic 
cholera.* 


Conununicability. — Through  milk  or  water  or  other  uncooked  food, 
contaminated  with  the  dejections  of  those  suffering  from  Asiatic  cholera, 
epidemics  are  lighted  up  and  maintained.  After  drying,  there  appears 
to  be  relatively  little  risk  from  cholera  discharges.  Individual  sus- 
ceptibility plays  an  important  r6le  in  this  as  in  many  other  infectious 
diseases.  For  during  cholera  epidemics  the  spirillum  has  been  found 
in  many  instances  in  the  stools  of  apparently  healthy  persons.  Such 
"cholera  carriers"  seriously  complicate  the  problems  of  public  sanita- 
tion and  quarantine.  The  elements  of  susceptibility  to  Asiatic  cholera 
are  not  yet  understood,  though  it  is  commonly  assumed  that  dietetic 
indiscretions  and  gastrointestinal  disorders  may  be  significant  factors 
in  the  acquired  disposition  to  the  disease. 

A  certain  degree  of  temporary  immunity  is  acquired  through  recovery 
from  the  disease. 

■  For  chararterB  at  the  choletA  organism,  meChoda  of  diA^oaia,  etc..  b«g  K&tU  and  Scharmann  in 
RolleBDd  WaiisHTiiuiin'i"HaodbuchderMikr[KirgBoisiDea.  "2d  edition.  Bd,  iv.,  p.  I,  IBVi. 
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Toxic  Products  and  Preventive  Inoculation. 

Toxic  Products. — The  toxic  substances  formed  by  the  cholera  spiril- 
lum are  apparently  set  free  to  some  extent  in  soluble  form,  but  are 
largely  such  as  are  stored  in  the  bacterial  cell  itself — endotoxins, 

Pfeififer  has  shown  that  the  spirillum  of  Asiatic  cholera,  put  into  the 
peritoneal  cavity  of  an  artificially  immunized  guinea-pig,  is  quickly 
immobilized,  swells  and  becomes  granular,  and  soon  disappears.  A 
similar  efifect  can  be  secured  in  tubes  by  a  mixture  of  the  immune  serum 
and  fresh  serum  to  which  the  spirilla  are  added.  This  lytic  effect  of 
the  immune  serum  upon  the  bacteria  may  be  used  as  a  test,  on  the  one 
hand,  of  the  specific  character  of  a  suspected  spirillum;  and,  on  the 
other,  with  a  definitely  known  spirillum  the  lytic  action  of  the  serum 
in  a  suspected  case  of  disease  may  be  valuable  as  a  diagnostic  test. 

This  bacteriolytic  action  of  specific  sera  is  not  peculiar  to  the  so- 
called  anti-cholera  serum,  but  has  been  observed  in  other  cases — for 
example,  in  typhoid  serum  with  the  typhoid  bacillus.  Its  nature  and 
its  bearing  on  immunity  have  been  considered  in  an  earlier  section  of 
this  book  (see  p.  170). 

Agglutinative  substances  are  also  developed  in  Asiatic  cholera  which 
may  be  of  value  in  diagnosis. 

Preventive  Inoculation. — A  large  amount  of  work  has  been  done 
looking  toward  artificial  immunization  of  man  against  Asiatic  cholera 
in  the  East,  and  preventive  inoculation  practised  by  the  method  of 
Haffkine  appears  to  have  given  encouraging  results.  This  method  con- 
sists in  the  subcutaneous  injection  of  cultures  of  the  cholera  bacillus; 
first,  those  whose  virulence  has  been  diminished,  and  then,  those  in 
which  the  virulence  has  been  exalted  by  artificial  means. 

But  the  Haffkine  preventive  inoculation  with  living  cultures  has 
been  in  a  large  measure  superseded  by  the  injection  of  a  small  amount 
of  a  fresh  agar  culture  killed  by  heat.  The  dose  is  repeated  after  a  few 
days.  There  is  moderate  local  and  general  reaction  to  the  injections. 
The  serum  of  persons  thus  twice  injected,  after  two  or  three  weeks,  may 
show  the  dievelopment  of  bactericidal  substances  exceeding  in  efficiency 
those  present  during  convalescence  from  the  disease.  Such  an  active, 
artificial  immunity  may  last  for  many  months.  The  practical  result 
of  this  form  of  preventive  inoculation  on  a  large  scale  in  Japan  has  been 
a  considerable  reduction  in  the  proportion  of  cases  in  the  protected 
groups,  as  compared  with  others  .similarly  exposed,  as  well  as  a  reduction 
in  the  mortality  of  those  who  in  spite  of  the  protective  attempt  contracted 
the  disease.^ 

Other  Spirilla  Resembling  the  Cholera  Spirillum. 

There  are  several  fairly  distinct  forms  of  spirilla,  some  of  which  appear  to  be 
related  to  the  cholera  organism,  which  have  been  occasionally  found  in  various  situa- 
tions. One  of  these  is  the  so-called  Vibrio  proteua  or  spirillum  of  Finkler  and  Prior. 
This  organism  was  found  by  these  observers  in  the  dejecta  of  persons  suffering  from 

^  For  a  study  of  protective  inoculations  against  Asiatic  cholera  see  Hetsch,  Kolle  and  Waasermann, 
2d  edition,  Bd.  iv.,  p.  110,  1912. 
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cholera  nostras,  shortly  after  the  discovery  by  Koch  of  the  cholera  spirillum,  which 
at  first  it  was  thought  closely  to  resemble.  The  cultural  characters,  however,  abun- 
dantly suflBce  to  differentiate  the  organisms.  The  Vibrio  proteus  is  slightly  pathogenic 
for  certain  lower  animals,  but  not  for  man. 

Several  forms  of  spirilla  of  somewhat  similar  general  characters  have  been  found 
in  various  situations;  thus  in  cheese,  by  Denecke,  S.  tyrogenum;  in  a  chicken  epidemic 
and  in  sewage,  by  Gamaleia  and  by  Pfuhl,  Vibro  Metschnikovi:  in  the  dejecta  during 
a  cholera  epidemic  at  Massawah,  Vibrio  Massawahy  etc.  Spirillum  sputigenum, 
of  frequent  occurrence  about  the  teeth  and  in  the  saliva  of  healthy  persons,  is  not 
pathogenic. 

TUBERCULOSIS.* 

Tubercxilosis  is  an  infectious  disease  characterized  by  inflammatory 
and  necrotic  processes  in  the  body  and  incited  by  the  presence  and 
growth  of  the  Bacillus  tuberculosis  (tubercle  bacillus).  The  most  dis- 
tinctive morphological  feature  of  tuberculosis  is  the  development  under 
the  influence  of  the  tubercle  bacillus  of  larger  and  smaller,  gray  or  white 
or  yellow,  firm  or  friable  masses  of  tissue  called  tubercles. 

The  effect  on  the  body-cells  of  the  presence  and  growth  of  the  tubercle 
bacillus  varies  considerably,  depending  upon  the  number  and  virulence 
of  the  germs  present,  the  character  of  the  tissue  in  which  they  lodge, 
and  the  vulnerability  of  the  individual.  In  general,  it  may  be  said 
that  tubercle  bacilli  may  stimulate  the  connective-tissue  cells  in  their 
vicinity  to  proliferation;  or  they  may  excite  emigration  of  leucocytes 
from  blood-vessels  and  lead  to  the  production  of  other  exudates;  or 
they  may  cause  death  of  tissue.  Thus  the  phases  of  inflammation 
which  are  excited  by  the  tubercle  bacillus  are  productive,  exudative, 
and  necrotic.  The  tubercle  bacillus  may  incite  these  changes  separately 
or  simultaneously,  in  the  sequence  just  indicated  or  in  some  other; 
and  now  one,  now  another  of  them  may  preponderate. 

Morphology  of  the  Lesions  op  Tuberculosis. 

Tuberculosis  manifests  itself  most  often  in  the  form  of  an  inflamma- 
tion affecting  some  one  part  of  the  body,  as  the  lungs  and  bronchial 
lymph-nodes  (the  parts  most  frequently  involved  in  adults),  the  gastro- 
intestinal tract  or  the  skin — ^^  localized  tuberculosis.^^  In  a  considerable 
proportion  of  cases  the  local  lesions  induced  by  the  tubercle  bacillus 
are  in  the  form  of  circumscribed  nodules  or  masses  of  new-formed  cells 
or  tissue  which  are  called  tubercles,  or,  if  small,  miliary  tubercles.^ 

Such  a  localized  tuberculosis  may  retain  throughout  the  characters 

1  Some  authors  are  disposed  to  class  together,  under  the  name  In/ectiouB  OraniUoma^  lesions  in- 
duced by  micro-organisms,  certain  phases  of  which  are  characterized  by  a  localized,  usually  slow,  nodular 
growth  tending  to  necrosis.  The  more  important  of  these  are  tuberculous,  leprous,  syphilitic,  and 
actinomycotic.  It  may  be  doubted  whether  it  is  wise  to  group  together,  under  a  name  suggesting 
tumor  relationships,  which  do  not  exist,  lesions  of  such  diverse  origin  and  clearly  of  infectious  character. 

2  The  term  miliary  tubercle^  which  arose  from  the  coincidence  in  size  between  smaU  foci  of  tubercu- 
lous inflammation  and  some  forms  of  miUet  seed,  is  now  very  liberally  applied  to  tubercles  which  are 
very  much  larger  as  well  as  to  those  which  are  very  much  smaller  than  millet  seeds.  It  is  convenient 
to  designate  a  smaU  mass  of  new  tissue  formed  under  the  influence  of  the  tubercle  bacillus,  whatever  its 
minute  structure,  as  a  tvbercU  grannlum  (see  Fig.  146).  Very  frequently  two  or  more  tubercle  granula 
are  joined  together  by  a  more  diffuse  formation  of  tubercle  tissue  to  form  larger  or  smaller  miliary 
tubercles — conglomerate  tubercles  (see  Fig.  147). 
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of  a  local  inflammation,  or  it  may  be  accompanied  by  the  clinical  evi- 
dences of  systemic  infection.  It  may  give  rise  through  metastasis  to 
the  successive  development  of  tuberculous  inflammations  in  other  parts 
of  the  body,  or  to  a  sudden  development  of  small  foci  of  tuberculous 
inflammation  in  many  parts  of  the  body  at  the  same  time — general 
miliary  tvbercvlosis, 

A  general  infection  may  occur  by  the  diffusion  through  the  body  of 
bacilli  derived  from  a  local  tuberculosis,  such  as  tuberculous  phlebitis 
or  arteritis,  tuberculous  inflammation  of  the  thoracic  duct,  or  from  the 
breaking  into  a  vessel  of  a  tuberculous  lymph-node.  It  is  probably 
seldom  that  a  suflScient  number  of  tubercle  bacilli  enter  the  blood  chan- 
nels at  once  to  account  for  the  enormous  numbers  of  tubercles  which  are 
sometimes  found  in  acute  general  miliary  tuberculosis;  but  it  is  not 
unlikely  that,  from  the  newly  formed  tubercles  which  develop  in  the 
walls  of  the  smaller  blood-vessels,  new  distributions  of  bacilli  may  take 
place  from  time  to  time  as  the  tubercles  mature.  This  probability  is 
sustained  by  the  frequent  occurrence  of  miliary  tubercles  on  the  intima 
of  the  small  arteries  in  the  lung  for  example,  as  well  as  by  the  evidence 
of  differences  in  age  of  the  individual  tubercles  in  generalized  miliary 
tuberculosis.* 

Diffuse  Tuberculosis. — In  many  cases,  however,  the  lesion  is  not  focal 
or  circumscribed  but  diffuse,  and  more  or  less  widely  infiltrates  or 
replaces  the  tissues  involved.  This  is  called  diffuse  tuberculovs  inflamma- 
tion. 

Miliary  Tubercles. — Miliary  tubercles  are  small  nodules  of  irregular 
shapes  (Plates  IV.,  VI.,  and  VII.),  the  smallest  hardly  visible  to  the 
naked  eye.  The  smaller  tubercles  are  gray  and  translucent;  the  larger 
are  usually,  especially  in  the  central  parts,  opaque  and  white  or  yellow 
on  account  of  the  necrosis  which  is  apt  to  commence  here. 

In  studying  the  reaction  of  the  living  tissues  to  the  tubercle  bacillus 
it  should  be  always  borne  in  mind  that  while,  as  a  whole,  the  lesions 
produced  are  quite  characteristic,  there  is  still  no  one  structural  feature 
or  combination  of  features  of  tubercles  or  tuberculous  inflammation 
which  is  absolutely  distinctive  of  the  action  of  this  bacillus.  In  doubtful 
cases  the  demonstration  of  the  presence  of  the  germ  itself  may  be  neces- 
sary for  the  establishment  of  the  character  of  the  lesion.' 

The  experimental  studies  in  animals,  as  well  as  the  morphological 
data  gathered  from  the  examination  of  tuberculosis  in  man,  show  that 
when  tubercle  bacilli  in  moderate  numbers  lodge  and  develop  in  the 
living  body  one  of  the  early  local  effects  is  aproliferationof  theconnective- 

1  It  is  well,  in  the  endeavor  to  understand  the  occurrence  of  general  miliary  tuberculosis  or  of  the 
less  striking  instances  of  distribution  of  the  bacilli,  to  remember  that  two  varying  factors  are  constantly 
active  and  significant:  first,  the  virulence  of  the  bacilli,  which  may  be  slight  or  extreme;  and,  second,  the 
vulnerability  of  the  infected  individual — i.e.,  his  "predisposition" — which  also  may  be  slight  or  ex- 
treme. Thus  the  distribution  of  bacilli,  be  these  few  or  many,  from  an  infective  focus,  may  be  in  dif- 
ferent individuals  or  at  different  times  in  the  same  individual  of  quite  different  significance.  For  a 
riaunU  of  the  discussion  as  to  the  sudden  or  gradual  origin  of  miliary  tubercles  see  Ribbert,  Deut.  med. 
Woch.,  p.  5,  Jan.  4th,  1906. 

'  The  term  tubercle  tissue,  which  is  in  common  use,  indicates  a  tissue  formed  under  the  influence 
of  the  tubercle  bacillus  rather  than  a  tissue  which  is  morphologically  characteristic  of  tuberculosis  in 
distinction  from  other  forms  of  new  tissue. 
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tissue  and  endothelial  cells.'     These  become  larger  and  polyhedral,  with 
conspicuous  nuclei  (Fig.  146). 

A  new  reticulum  or  stroma  may  form  hand-in-hand  with  the  growth 


FlO.    146.— A    SlHLL    Mi  U ART    TCBtRCL*. 

Thit  is  cnivkis  iu  tbe  liver;  is  compoaed  mostly  of  Dew-farmed  poiybedral  cells  olussly  packed 
with  Uttla  iDtereellular  stroma.     At  the  center,  coagulation  necrosis  b  commencinit. 


of  these  new  cells,  or  the  old  stroma  may  persist,  adapting  itself  in  form 
and  arrangement  to  the  new  conditions. 
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Either  after  the  connective-tissue  cell  proliferation  or  hand-in-hand 
with  it,  or  preceding  it,  or  altogether  independently  of  it,  emigration  of 
leucocytes  and  extravasation  of  serum  may  take  place  from  blood- 
vessels in  the  vicinity  of  the  germs.  During  the  more  or  less  active 
cell  proliferation  which  occurs  under  the  influence  of  the  tubercle  bacillus, 
multinuclear  cells — giant  cells — may  be  formed  (Fig.  147),  either  by 
persistent  nuclear  division  in  growing  protoplasmic  masses  which  do 
not  divide  into  separate  cells,  or  by  the  coalescence  of  the  bodies  of  cells 
already  formed. 


More  or  less  new  tissue  with  numerous  small  spheroidal  mononuclear 
cells  and  little  stroma  may  form  in  and  about  the  tuberculous  foci, 
Biood-vessels  are  not  apt  to  develop  under  the  influence  of  the  tubercle 
bacillus.  Old  blood-vessels  are,  on  the  other  hand,  usually  obliterated 
as  the  new  tissue  forms. 

Sooner  or  later  under  the  influence  of  the  tubercle  bacillus,  there  is 
usually  a  damage  of  cell  and  tissue,  which  may  lead  to  coagulation 
necrosis  in  the  new-formed  as  well  as  in  the  old  tissue  of  the  infected 
region.  This  necrosis  is  more  apt  at  first  to  manifest  itself  in  the  central 
portions  of  the  tuberculous  foci  (Fig.  148)  and  may  progress  outward; 
the  nuclei  become  fragmented  or  disappear,  or  fail  to  stain  in  the  usual 
way,  the  protoplasm  becomes  more  homogeneous,  and  cells  and  stroma 
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form  at  last  an  irregularly  granular  mass  of  tissue  detritus  which  tends 
to  disintegrate  (coagulation  necrosis,  cheesy  degeneration,  caseation), 
forming  cavities  or,  if  on  free  surfaces,  ulcers. 

As  coagulation  necrosis  progresses,  the  tubercle  masses  lose  the  gray 
translucent  appearance  which  in  their  early  stages  they  are  apt  to  pre- 
sent to  the  naked  eye  and  become  more  opaque  and  of  yellowish  white 
appearance  at  the  centres. 

Finally  dense  jfibrous  tissue  may  form  in  and  about  foci  of  tuberculous 
inflammation,  encapsulating  or  sometimes  entirely  replacing  the  more 
characteristic  new-formed  structures.  It  is  in  this  way — by  the  forma- 
tion of  connective  tissue — that  such  repair  as  is  possible  after  local  tuber- 
culous inflammation,  is  brought  about  (Fig.  396,  p.  623). 

Forms  of  Tubercles. — Before  the  discovery  of  the  tubercle  bacillus 
and  while  knowledge  of  the  lesions  of  tuberculosis  was  largely  limited 
to  their  morphology,  it  was  natural  that  much  stress  should  be  laid  upon 
the  variety  in  structure  which  the  nodular  growths  called  tubercles 
present,  and  that  elaborate  classifications  and  groupings  of  tubercles 
were  often  deemed  important. 

With  an  exact  knowledge  of  the  excitant  of  the  new  growths  and  of 
the  varying  phases  of  their  development  in  the  body,  the  morphological 
peculiarities  of  tubercles  are  not  now  to  be  regarded  as  of  such  extreme 
significance,  since  they  for  the  most  part  indicate  simply  variations  in 
the  local  effect  of  a  definite  poison.  These  variations  are  due,  as  we  have 
seen,  to  differences  in  the  amount  and  intensity  of  the  poison,  to  the  degree 
of  susceptibility  of  the  individual,  to  the  structure  of  the  particular 
tissue  or  organ  involved,  and  to  the  extent  and  variety  of  local  complica- 
tions caused  by  other  agencies. 

It  is,  however,  usually  convenient  and  sometimes  important  to  recog- 
nize structural  types  in  miliary  tubercles.  Thus  they  may  be  composed 
wholly  of  small  spheroidal  cells — "  lymphoid  tubercles ^ "  or  of  larger  poly- 
hedral cells* — *^ polyhedral-celled  tubercles ^^^  or  of  both  forms  of  cells 
together  and  with  or  without  a  new-formed  stroma;  or  of  any  of  these 
combinations  with  giant  cells.  Then  coagulation  necrosis,  which  may 
occur  in  tubercles  of  any  type;  development  of  new  dense  connective 
tissue;  association  with  various  phases  of  simple  exudative  inflamma- 
tion— all  of  these  contribute  to  the  variety  in  the  structural  types  of 
miliary  tubercles. 

Diffuse  Tuberculous  Inflammation  (Diffuse  Tubercle). — 1.  If  the 
infection  with  tubercle  bacilli  be  extensive,  or  if  step  by  step  the  bacilli 
are  distributed  in  the  tissues  about  the  primary  seat  of  infection,  con- 
siderable amounts  of  tubercle  tissue  of  one  or  other  form  may  develop 
and  pass  into  the  condition  of  coagulation  necrosis,  so  that  at  length 
large  necrotic  masses,  with  a  comparatively  small  amount  of  well- 
defined  tubercle  tissue,  either  diffuse  or  in  the  form  of  granula,  may  alone 
remain  to  indicate  the  character  of  old  and  slowly  progressive  local 
infection.  This  form  of  lesion  is  found  in  the  large  tuberculous  masses 
in  the  brain,  in  the  mucous  membrane  of  the  bronchi,  in  large  flat  masses 

^  Some  of  the  larger  cells  are  regarded  by  many  as  so-called  "plasma  cells"  (see  p.  74). 
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on  the  serous  membranes,  and  in  the  difTuse,  cheesy  infiltration  of  the 
lymph-nodes,  kidneys,  ureters,  bladder,  prostate,  testicle,  and  uterus. 

These  large  areas  of  tuberculous  inflammation  are  apt  to  be  white  or 
yellow  in  the  central  and  necrotic  portions,  which  are  sometimes  dense, 
compact,  and  hard,  sometimes  soft  and  friable.  These  areas  are  not 
infrequently  surrounded  by  an  irregular  gray  zone  of  tubercle  tissue  or 
by  a  dense  fibrous-tissue  capsule. 

2.  In  marked  contrast  with  the  phase  of  diffuse  tuberculous  inflam- 
mation just  described,  though  often  associated  with  it,  is  that  in  which 
the  formation  of  inflammatory  exudates  is  a  prominent  feature.  This 
exudative  form  of  tuberculous  inflammation  is  best  exemplified  in  the 


lungs  by  some  of  the  forms  of  acute  phthisis  (see  p.  627).  The  tuber- 
cle bacillus  is  under  certain  conditions  markedly  pyogenic,  and  when 
it  rapidly  develops  in  the  air  spaces  of  the  lungs  or  suddenly  gains  access 
to  them  in  large  quantities  pus,  serum,  fibrin,  and  exfoliated  or  pro- 
liferated epithelial  cells  may  collect  in  and  largely  fill  the  air  spaces, 
and  then  the  whole  new  exudate  and  the  old  lung  tissue  may,  over 
larger  or  smaller  areas,  rapidly  undergo  coagulation  necrosis.  (Plates 
VIII.  and  X.) 

Thus  in  one  phase  of  tuberculous  inflammation  the  intensity  and 
rapidity  of  the  local  poisoning  by  the  bacillus  do  not  permit  of  the 
formation  of  organized  new  tissue  at  all,  but  only  of  exudative  products 
which  are  apt  soon  to  become  necrotic  (Fig.  149),  Lees  intense  degrees 
of  exudative  inflammation  are  liable  to  develop  in  the  vicinity  of  miliary 
tubercles  anywhere  in  the  body. 
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Characters  of  the  Tubercle  Bacillus. 


The  Bacillus  tuberculosis  is  a  long,  slender  bacterium  varying  in  length  from  2  to 
4  fi  (from  one-quarter  to  one-half  the  diameter  of  a  red  blood  cell)  and  in  breadth  from 
0.2to  0.5  ;i.  It  is  frequently  more  or  less  curved,  and  the  individual  bacilli  may  cliog 
together  end  to  end,  forming  threads  or  chains.     It  may  occur  in  branching  forms.' 

The  bacillus  (Fig.  150)  is  stained  with  difficulty  by  the  anilin  dy^a  (see  below),  and 
when  stained  often  presents  an  irregular  beaded  or  knobbed  appearance,  due  to  an 
uaevenneas  in  the  coloring  of  the  protoplasm,  or  to  involution  changes.  It  is  immobile, 
ind  Eporea  have  not  been  demonstrated  in  it. 

At  the  temperature  of  the  body  it  can  be  grown  on  many  of  the  artificial  culture 
media.  The  growth  of  the  tubercle  bacillus  in  cultures  is  very  slow  in  comparison  with 
that  of  most  of  the  pathogenic  micro-organisms.    After  several  weeks'  growth  it  forms 
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dry,  scaly  masses  or  thin,  wrinkled  pellicles  on  the  surface  of  the  media  (Figs.  151  and 
152.)  It  requires  a  certain  amount  of  oxygen  for  its  growth,  and  thrives  beat  in  the 
dark. 

When  brought  in  direct  contact  with  various  chemical  disinfectants  it  is  readily 
killed,  but  when  enclosed  in  mucus,  as  in  aputum,  it  may  be  quite  resistant.  It  is 
killed  by  an  exposure  of  a  fen  hours  to  direct  sunlight,  or  if  moist  is  killed  by  an  ex- 
posure of  from  ten  to  fifteen  minutes  to  70°  C.  On  the  other  hand,  it  may  long  retain 
its  vitality  in  the  dried  condition.' 

Cultures  can  be  continued  indefinitely  from  generation  to  generation  with  a  slowly 
diminishing  virulence  which  finally  is  largely  lost.  Under  certain  conditions  the 
virulence  may  be  restored  or  enhanced  by  successive  inoculations  into  susceptible 
animals. 

The  tubercle  bacillus  does  not,  so  tar  as  wb  know,  grow  in  nature  outside  of  the 

'  BiBDChiuc  forma  of  ths  tubercle  bacillus  h«ve  beeo  liaquentty  leen,  and  while  their  eigDificuiee 

■  not  yet  altogetlier  clear,  the  tendency  at  thia  time  ii  to  lepiirate  Ihie  or 

baeiliiu  and  the  so-called  itreptothrix  or  actinomyces  farms  into  s  (ti 

Wliether,  as  many  tbinlc,  they  ate  more  closely  allied  to  the  moulds  than  to  me  aacteriB,  or  wneuier. 

(hey  shoukt  be  eonsidered  in  a  class  by  themseivoi,  is  a  problem  still  unsolved.     For  the  present,  we 

may  wisely  consider  the  tubercle  bacillus  as  one  of  the  bacl«ria. 

For  studies  and  bibliostsphv  on  this  subject  consult  Hchaltc,  ZeiUch.  t.  Hyg.  u.  Inf.  Kraok.,  Bd. 
mi.,  p.  153.  1899^  and  Lubarick.  ibid.,  p.  187. 

>  For  a  study  of  the  viability  of  the  tubercle  baciUua  see  Aoscnau,  Hy(.  Lab.  U.  S.  Mar.  Hogp.  Ser. 
BulL.  57.  1»W. 
17 
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bodies  of  men  and  certain  warm-blooded  animab.     It  ia  thus  apparently  strictly 
parasitic. 

Inoculation  of  various  animals,  especially  of  guinea-pigs,  rabbits,  and  monkeyH, 
may  be  followed  by  lesions  similar  to  those  of  man. 

Methods  of  Staining  the  Tubercle  Bacillus. 

In  Fltiidb, — For  the  examination  of  fluids,  such  as  sputum,'  etc.,  the  material 
should  be  spread  in  a  thin  layer  on  a  cover-glass,  dried  in  the  air,  and  then  passed  thrice 
through  the  flame  (see  p.  143). 

While,  as  has  been  said  above,  the  tubercle  bacillus  is  stained  much  less  easily  with 
the  anilin  dyes  than  are  most  bacteria,  it  can  be  deeply  colored  by  the  use  of  accessory 


FlQ.    151. — CULTURM   or  TOBBKCL*    BacILLUS  FlO.    15Z. — COLTCHB    Ot  TCBEBCLB    Biaiirs 

ON  Gltchun  Ao*n,  ok  Gltobiun  AoiK. 

From  tubereulosi*  in  msa.  From  tubarculoau  in  bird. 

agents  which  intensify  the  stains  or  render  the  protoplasm  of  the  bacilli  more  accessi- 
ble to  thera.  But  when  once  stsined  the  tubercle  bacillus  clings  with  great  tenacity  to 
its  color  in  the  usual  decolorizing;  agents. 

A  variety  of  methods  are  in  vogue  for  staining  the  tubercle  bacillus,  most  of  them 
being  more  or  less  unessential  modifications  of  the  original  process  formulated  by  Koch 
and  Ehrlich.  Ziehl's  solution  is  among  the  most  useful.  This  is  made  by  adding  to  a 
five-per-cent.  aqueous  solution  of  carbolic  acid  about  one-tenth  its  volume  of  saturated 
alcoholic  solution  of  fuchsin.    This  carbolic  fuchsia  will  keep  unchanged  for  a  long 
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The  prepared  cover-glass  is  floated  in  a  watch-glass  or  porcelain  capsule — speci- 
men side  down — on  this  coloring  fluid,  and  gently  heated  almost  to  boiling  for  from 
three  to  five  minutes. 

The  entire  specimen  is  thus  completely  stained,  tubercle  bacilli,  tissue  elements, 
and  other  bacteria  which  may  be  present,  all  in  the  same  way.  The  next  step  is  to 
remove  the  color  with  acid  from  all  the  structures  which  may  be  intermingled  with 
the  tubercle  bacilli;  the  latter,  owing  to  the  tenacity  with  which  they  retain  the  color, 
being  but  slightly  affected.  This  is  done  by  dipping  the  cover-glass  into  an  aqueous 
or  alcoholic  solution  of  five-per-cent.  sulphuric  acid,  and  shaking  it  about  for  a  few 
seconds.  Under  the  influence  of  the  acid  the  specimen  on  the  cover-glass  loses  its  red 
color  and  becomes  gray  or  colorless.  It  is  then  thoroughly  rinsed  in  three  or  four  suc- 
cessive portions  of  alcohol,  and  finally  in  water.  By  this  manipulation  the  red  color 
may  be  to  a  slight  extent  restored. 

Care  should  be  taken  not  to  expose  the  specimen  too  long  to  the  action  of  the  acid, 
because  then  the  bacilh  may  be  also  partially  or  completely  decolorized.  A  little 
experience  will  enable  the  experimenter  to  judge  of  the  proper  time  for  the  action  of 
the  acid.  The  specimens  may  be  studied  in  water  with  the  use  of  an  oil  immersion 
lens  and  the  Abbe  condenser,  or  they  may  be  dried  in  the  air  and  mounted  in  balsam 
before  examination. 

Inasmuch  as  not  infrequently  some  other  bacteria  besides  the  tubercle  bacilli 
retain  a  sUght  red  color,  it  is  well,  after  the  specimen  is  rinsed  in  water,  to  float  the 
cover-glass  for  a  few  minutes  in  a  dilute  aqueous  solution  of  methylene  blue,  which  will 
replace  the  red  color  in  all  of  the  bacteria  except  the  tubercle  bacilli,  which  might 
be  mistaken  for  it,  forming  a  marked  color  contrast  between  them.  The  contrast  stain 
should  not  be  intense. 

Pappenheim^8  Methxtd. — After  staining  in  the  hot  carbol-fuchsin  as  above,  im- 
merse the  specimen  without  washing  in  the  following  solution:  1  per  cent,  alcoholic 
solution  rosolic  acid  saturated  with  methylene  blue,  adding  20  per  cent,  of  glycerin. 
In  this  method  of  staining  the  tubercle  baciUi  are  red,  while  smegma  bacilli  (see  p. 
267),  are  blue. 

In  Sections. — Thin  sections  of  tuberculous  tissue  which  has  been  hardened  in 
alcohol  are  stained  in  the  same  way,  except  that  instead  of  drying  and  fixation  by  heat 
the  sections  should  be  fixed  to  the  cover-glass  by  means  of  the  albumen  fixative  (see 
p.  1034),  and  then  cover-glass  and  section  are  manipulated  together. 

When  differentiation  is  complete,  the  section  is  cleared  in  oil  of  origanum  and 
mounted  in  balsam. 

For  purposes  of  simple  recognition  of  the  bacilh  in  sections  it  seems  to  the  writer 
usually  better  to  have  no  color  in  the  preparation  other  than  that  which  the  tubercle 
baciUi  possess.  But  it  is  often  convenient  to  demonstrate  the  nuclei  of  the  cells  at  the 
same  time,  and  this  may  be  accomphshed  by  staining  lightly  afterward  with  a  dilute 
solution  of  some  color  which  will  contrast  with  that  of  the  bacilli,  such  as  methylene 
blue. 

In  the  examination  of  urine  for  the  presence  of  the  tubercle  bacillus  it  is  well  to 
collect  the  sediment  by  means  of  a  centrifugal  machine.  In  the  examination  of  milk 
or  other  fat-containing  fluids  for  tubercle  bacilh,  it  is  well,  after  the  film  has  been 
formed  upon  the  cover-glass  and  before  staining,  to  rinse  with  chloroform  followed  by 
alcohol,  and  this  by  water. 

Occasionally  one  finds  in  urine  acicular  crystalUne  bodies  considerably  resembling 
the  tubercle  bacillus  in  size  and  shape,  and  retaining  a  red  color  after  the  decolonzation 
of  the  specimen.  A  careful  study  of  the  form,  however,  will  suflSce  to  prevent  mistakes. 
The  only  other  baciUi  which  are  liable  to  be  mistaken  for  the  tubercle  bacilli  are 
the  bacillus  of  leprosy  and  the  so-called  smegma  bacillus  which  sometimes  occurs  be- 
neath the  prepuce.  The  lepra  bacillus  may  be  distinguished  from  the  tubercle  bacillus 
by  the  following  differential  staining  process:  If  the  lepra  bacillus  be  stained  for  ten 
minutes  in  a  dilute  alcoholic  solution  of  f  uchsin  (five  drops  of  saturated  alcoholic  solu- 
tion of  f uchsin  to  3  c.c.  of  water),  and  then  rinsed  for  a  few  seconds  in  a  solution  of 
nitric  acid  (one  part)  in  alcohol  (ten  parts),  it  will  retain  a  red  color,  while  under  the 
same  treatment  the  tubercle  bacillus  remains  uncolored.  For  differential  stains  for 
the  smegma  bacillus  see  p.  267. 


260  THE    INFECTIOUS    DISEASES 

Antiformin  in  Sputum  Examinations. — Antiformin  is  a  patented  preparatioD 
containing  sodium  hydroxide  and  sodium  hypochlorite.  When  mixed  with  sputum 
in  such  proportion  that  the  antiformin  is  present  in  about  15  per  cent,  the  sputum  is 
softened  and  most  bacteria  except  the  tubercle  bacilli  are  killed.  After  the  softening 
of  the  sputum  it  is  diluted  with  water  or  alcohol  and  spun  in  the  centrifuge,  the  sedi- 
ment gathered  and  respim,  the  final  sediment  is  used  for  smears  and  stained  in  the 
usual  way.  By  the  use  of  antiformin  and  centrifugation  a  "concentrate''  of  the 
bacilli  from  sputum  may  be  secured  for  diagnostic  inoculation  of  guinea-pigs. 

Varieties  of  Tubercle  Bacilli. 

While  many  of  the  lower  mammalia  are  susceptible  to  inoculations  with  tubercle 
bacilli  derived  from  man,  the  bacilli  obtained  from  spontaneous  tuberculous  lesions  in 
the  lower  animals  may  present  noteworthy  variations  in  form  and  growth  from  the 
human  type.  Thus  Theobald  Smith  and  others*  have  pointed  out  marked  peculiarities 
of  the  bovine  bacillus  which  would  lead  to  the  conjecture  that  though  not  a  separate 
species  it  is  probably  a  distinct  variety  of  the  organism.  Although  the  cultural  char- 
acters of  the  bovine  bacillus  seem  to  suffice  for  its  distinction  from  the  human  variety, 
man,  especially  children,  appears  to  be  susceptible  to  the  bovine  organism.'  Theobald 
Smith  has  determined  that  the  bovine  bacillus  is  in  general  more  highly  pathogenic 
for  mammals  than  is  the  human  variety. 

Still  more  marked  are  the  differences  between  mammalian  and  avian, 'or  bird  tuber- 
cle bacilli,  and  the  tubercle  bacilli  of  fish.  Whether  in  this  case  also  the  differences 
are  to  be  regarded  as  specific  or  within  the  limits  of  variational  sway  is  not  yet  clear. 
Although  the  subject  is  important  from  the  standpoint  of  prophylaxis  and  interesting 
from  the  point  of  view  of  the  variations  of  bacteria  imder  changes  of  environment, 
the  attempts  by  experimental  means  to  convert  one  form  into  the  other  have  thus  far 
been  too  few  to  lead  to  definite  conclusions. 


Toxic  Products  of  Tubercle  Bacilli. 

While  there  is  evidence  that  some  soluble  toxic  substances  are  given 
off  from  the  tubercle  bacillus  in  its  growth  and  activities,  it  is  to  its 
endotoxins  that  its  chief  poisonous  capacities  seem  to  be  linked. 

It  has  been  found  that  tubercle  bacilli  which  have  been  killed  by 
boiling  or  otherwise,  when  introduced  into  the  body  of  the  rabbit  either 
beneath  the  skin,  or  into  the  serous  cavities,  or  into  the  blood-vessels 
and  the  air  spaces  of  the  lungs,  are  capable,  as  they  slowly  disintegrate, 
of  stimulating  the  cells  of  the  tissues  where  they  lodge  to  proliferation, 
and  to  the  production  of  new  tissue  morphologically  similar  to  tubercle 
tissue  in  its  various  phases*  (Fig.  153).  Necrosis  of  the  new-formed 
cells  may  occur,  but  this  differs  in  some  respects  from  the  coagulation 
necrosis  induced  under  the  usual  conditions.  Dead  tubercle  bacilli 
are  also  markedly  chemotactic  and  capable  of  causing  local  suppuration 
and  abscess. 

^  See  Smith,  Jour.  Med.  Res.,  vol.  xiii..  p.  253,  1905;  also  WoWach  and  EmH,  Jour,  of  Med.  Re- 
search, vol.  X.,  1903,  p.  313,  bibl.;  also  Ravenel,  Medicine,  July  and  August,  1902;  see  also  reference  to 
Ravenel,  p.  266. 

«  See  ref.  1.  p.  266. 

>  For  bibliography  of  uiimal  tuberculosis  see  Eber,  Lubarsch  u.  Ostertag,  Ergebnisee  d.  allg.  Path., 
1897,  iv.,  859.  For  a  study  of  avian  tuberculosis  see  Having*,  Hatpin,  and  Beach,  Jour.  Infect.  Di**i 
1913,  xiii.,  1 ;  also  Himmelberger,  Centralbl.  f.  Bakteriol.  I  Abt.,  Grig.,  1914,  Ixxiii.,  1. 

*  For  further  details  concerning  the  effects  of  dead  tubercle  bacilli  in  the  body  see  Prudden  and 
Hodenpyl,  N.  Y.  Med.  Jour.,  June  6th  and  20th,  1891,  and  Prudden,  ibid.,  Dec.  5th,  1891.  Forsumma'y 
of  later  work,  with  bibliography,  see  Herxheimer,  Ziegler's  Beitr.,  Bd.  xxxiii.,  p.  363;  also  MHUr, 
Jour.  Path,  and  Bact.,  vol.  x.,  p.  351,  1905,  bibl. 
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It  would  seem  probable  then  that  while  the  power  of  the  tubercle 
bacillus  to  induce  necrosia  and  the  fever  which  in  many  cases  indicates  a 
systemic  intoxication  may  be  due  to  metabolic  products  of  the  living 
germ,  the  local  lesions  characteristic  of  exudative  and  productive  inflam- 
mation may  be  due  to  a  peculiar  bacterial  proteid  which  is  set  free  by 
the  disintegration  of  the  bacilli  in  the  tissues.  But  the  products  of 
autolysis   in  the  necrotic  tissue  cells  may  contribute  to  the  toxfemia. 


Flo.     153.— InrL*lil(*TOBI    NoDDtK    [PSIDE 

BT  THa  Ihtravunoos  Ih. 
tloat  ol  the  dead  bscilli  have  digiiit««iBted.  settios  [r 
new  c«1l  sniHth.     A  (ew  fmcnii 


Agglutinating  Substances. 

The  serum  of  tuberculous  animals  and  roen  may  coutain  agglutinating  substances. 
The  reaction,  however,  frequently  fails  and  is  not  at  present  of  much  diagnostic  value. 

Tuberculin. 

When  the  tubercle  bacillus  is  grown  on  glycerinated  nutrient  broth  certain  meta- 
bolic products  are  formed  and  pass  into  solution  in  the  fluids.  If  after  some  weeks  of 
vigorous  growth  the  germs  are  separated  by  filtration  and  the  broth  is  concentrated 
by  evaporation,  a  dark  brown  Quid  results  which  is  called  tubereutm.  This  substance 
— at  one  time  believed  by  many,  and  still  by  a  tew  observers,  to  possess  distinct  cura- 
tive properties  in  certain  forms  of  tuberculosis — has  assumed  great  economic  impor- 
tance on  account  of  its  value  as  a  diagnostic  agent  in  bovine  tuberculosis.  For  if 
administered  subeutaneously  in  small  quantity  to  cattle  a  marked  temperature  re- 
action follows  in  tuberculous  animals,  while  those  which  are  sound  are  unaffected. 
The  existence  of  even  very  slight  lesions  may  be  detected  in  this  way.  In  man  also 
tuberculin  has  proved  of  value  in  cases  in  which  the  efforts  to  establish  a  diagnosis 
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by  the  usual  method  have  failed.    The  new  tuberculin  ''T.  R."  contains  the  dead 
bodies  of  tubercle  bacilli.^ 

Immunity  and  Therapeutic  Use  of  Tuberculin  in  Tuberculosis. 

The  fact  that  so  large  a  percentage  as  from  sixty  to  ninety  of  human  beings  dyin^ 
from  all  causes  have  been  shown  by  autopsies  to  have  been  at  some  period  and  in 
some  measure  aflFected  with  tuberculosis,  while  the  mortality  from  tuberculosis  as  com- 
pared with  death  from  all  other  causes  is  not  far  from  fourteen  per  cent,  indicates 
that  man  enjoys  a  marked  degree  of  natural  immunity  to  the  incursions  of  the  tubercle 
bacillus.  The  clinical  data  are  not  very  convincing  as  to  the  acquirement  of  increased 
immunity  after  successfully  coping  with  the  disease.  However,  experiments  on 
animals,  those  of  Trudeau  and  others,  have  shown  that  by  the  repeated  inoculation 
of  small  doses  of  tubercle  bacilli  of  attenuated  virulence,  rabbits  may  be  largely  pro- 
tected, though  not  rendered  wholly  immune,  from  the  full  effect  of  later  injections  of 
virulent  bacilli.  Behring  has  apparently  succeeded  by  intravenous  injections  into 
young  cattle  of  some  product  or  derivative  of  the  tubercle  bacillus  in  rendering  them 
highly,  and  it  is  claimed  permanently,  immime.  Similar  results  have  been  obtained 
by  others.' 

Many  attempts  have  been  made  to  secure  artificial  immunity  in  man  either  by 
the  injection  of  products  of  the  growth  of  the  tubercle  bacillus,  or  by  the  use  of  the 
dead  bodies  of  the  bacilli.  Wright  and  his  followers  have  reported  marked  success  in 
the  use  of  a  form  of  tuberculin  called  new  tuberculin  or  "T.  R., "'  which  contains  the 
bodies  of  the  dead  bacilli,  especially  in  localized  tuberculosis.  This  is  administered  in 
accordance  with  the  indications  of  a  rise  or  fall  of  the  *  *  opsonic  index  *'  of  the  serum  (see 
p.  187),  determined  by  the  degree  of  phagocytosis,  the  opsonic  index  marking  the 
immunizing  effect  of  the  injection.  Trudeau  seems  also  to  have  obtained  favorable 
results  from  the  artificial  immunization  with  the  dead  bodies  of  the  bacilli,  "T.  R.," 
controlling  the  administrations  of  the  very  potent  agent  by  careful  clinical  observa- 
tions. 

Altogether,  then,  it  appears  that  a  certain  measure  of  active  artificial  immunity  to 
tuberculosis  may  be  secured  in  man.  Attempts  to  secure  passive  immunity  in  tubercu- 
losis by  alleged  antitoxic  sera  do  not  seem  to  have  been  notably  successful.* 

Complex  Factors  in  the  Tuberculous  Process. 

It  is  well  in  studying  the  characters  of  tuberculous  inflammation  to  remember 
that  in  its  progressive  phases  there  are  two  factors  at  work:  first,  those  which  lead 
to  cell  proliferation  and  new  tissue  formation,  which  is  apparently  a  reparative  and 
conservative  process;  second,  those  which  are  inhibitory  or  damaging  or  destructive; 
and,  finally,  that  both  sets  of  factors  are  commonly  active  together.  It  may  still 
be  considered  doubtful  whether  the  tubercle  bacillus  furnishes  a  direct  formative 
stimulus,  or  whether  such  is  furnished  by  damaged  cells,  or  whether  the  cell  pro- 
liferation may  not  be  an  expression  of  reparative  activity  in  the  presence  of  damaged 
tissue  made  possible  by  disturbed  organic  control  (see  p.  351).  In  any  event  the 
new  tissue  which  forms  under  the  influence  of  the  tubercle  bacillus  apparently  owes 
its  morphological  as  well  as  biological  characteristics  to  impulses  toward  tissue  forma- 
tion which  are  exerted  in  the  presence  of  agencies — doubtless  poisons — restraining 
within  narrow  bounds  the  new  connective-tissue  growth,  no  matter  how  extensive  or 
persistent  this  may  be,  and  tending  constantly  to  its  destruction. 

1  See  Allergy,  p.  190,  also  Baldwin,  Bull.  Johns  Hopkins  Hosp.,  1913,  xxiv.,  p.  220. 

*  See  review  of  animal  immunization  against  tuberculosis,  Pearson,  Second  Ann.  Rept.  of  thePbippa 
Inst.,  p.  311,  1905. 

>For  a  risumi  of  various  tuberculin  preparations,  see  Hxaa  and  Zinaaer,  "Text-book  of  Bactexv 
ology,  2nd  edition,  1914. 

*  See  for  the  bearing  of  the  parasitism  of  the  tubercle  bacillus  on  infection  and  immunity  Th.  Smith, 
Jour.  Am.  Med.  Assn.,  Apr.  28,  1906. 
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It  is  interesting  in  this  connection  to  note  that  when  lesions  in  many  respects 
similar  to  those  of  the  ordinary  tuberculosis  are  induced  experimentally  in  animals 
with  dead  tubercle  bacilli  (see  above),  the  poisonous  substances  leading  to  necrosis 
are  not  produced  continually  and  for  indefinite  periods,  as  is  the  case  in  infection 
with  living  bacilli,  but  are  soon  exhausted,  so  that  after  a  certain  amount  of  initial 
necrosis  the  new  tissues  go  on  to  develop  in  the  usual  reparative  way,  blood-vessels 
are  formed,  and  healing  by  a  cicatrix  under  favorable  conditions  regularly  takes  place. 
It  is  probable  that  effective  healing  in  tuberculosis  in  man  takes  place  only  after 
the  local  production  of  destructive  poison  ceases  through  the  death  and  completion 
of  the  lysis  or  the  diminished  virulence  of  the  tubercle  bacilli  present. 

On  the  other  hand,  it  is  important  to  bear  in  mind  that  while  the  formation  of 
new  ceUs  and  tissue  on  the  part  of  the  body  in  tuberculosis  marks  a  protective  adapta- 
tion to  new  and  harmful  conditions,  the  tubercle  bacilli  themselves  are  also  subject  to 
adaptive  changes  which  on  their  side  are  protective.  Thus  through  what  has  been 
caUed  selective  adaptation  of  both  host  and  microbe  a  condition  of  balanced  para- 
sitism may  be  brought  about  in  which  there  may  be  a  reduced  mortality,  but  not  a  re- 
duced morbidity,  since  in  the  processes  of  adaptation  the  microbe  has  won  capacities 
for  harm  which  may  be  very  potent  and  significant  in  individuals  not  adapted  to  it.* 

The  Number  of  Tubercle  Bacilli  in  Lesions. 

The  number  of  bacilli  which  are  present  in  the  lesions  of  tuberculosis 
is  subject  to  great  variation.  They  are  usually  abundant  in  the  walls 
and  contents  of  phthisical  cavities,  and  in  tubercle  tissue  which  is  under- 
going cheesy  degeneration  and  disintegration.  In  these  situations  they 
may  be  found  in  myriads,  forming  sometimes  a  large  part  of  the  disin- 
tegrated mass.  They  are  found  in  cells  and  scattered  among  them. 
Sometimes  they  are  present  in  considerable  numbers  in  the  giant  cells  of 
miliary  tubercles.  In  the  acute  general  tuberculosis  of  children  they 
are  often  present  in  large  numbers,  particularly  in  the  lungs  (Fig.  149). 
They  may  be  found  in  tuberculous  inflammation  in  any  part  of  the  body, 
and  are  often  demonstrable  in  the  blood.  The  bacilli  are  constantly 
discharged  in  the  sputa  of  patients  suffering  from  pulmonary  tubercu- 
losis, often  in  enormous  numbers — ^from  one  to  four  billion  in  twenty- 
four  hours,  according  to  Nuttall's  estimate — and  their  presence  some- 
times affords  valuable  diagnostic  aid  in  early  stages  of  obscure  forms 
of  the  disease. 

Under  a  variety  of  conditions,  especially  in  the  older  tuberculous 
lesions,  the  bacilli  may  not  be  demonstrable.  This  apparent  occasional 
absence  of  the  bacilli  is  probably  due  either  to  their  disappearance  as 
the  process  grows  older  or  to  some  unknown  changes  which  interfere 
with  the  ordinary  staining  procedures. 

Frequency  of  Tuberculosis  in  Man  and  the  Lower  Animals. 

Tuberculosis  is  a  very  common  disease  not  only  of  man'  but  also  of 
many  of  the  lower  animals,  especially  of  cattle,  and    inasmuch  as  the 

*  For  a  oonsideration  of  the  mutual  relationship  of  microbe  and  host  see  Th.  Smith,  Jour.  Amer. 
Hed.  Assn..  April  28th.,  p.  1247.  1906. 

'  Carefully  prepared  statistics  show  that  tuberculous  lesions  are  present  in  the  body  in  more  than 
ninety  percent,  of  the  cases  examined  at  autopsies.  See  for  a  thorough  and  suggestive  analysis  of  five 
bandred  autopses  Naegdi,  Virchow's  Archiv,  Bd.  clx.,  p.  426,  1900;  also  Necker,  Verhl.  Deutsch.  Path. 
Ges.,  viii,  p.  129,  1904.  For  a  study  of  frequency  of  tuberculosis  in  children  see  Winkler,  Verhl.  Deut. 
Path.  Gea.,  viii.,  p.  129.  1904. 
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victims  of  this  disease,  both  men  and  animals,  are  apt,  as  stated  above, 
to  throw  off  enormous  numfbers  of  the  bacilli  in  the  sputum  and  other 
excreta,  the  germ  is  widely  dispersed  in  inhabited  regions,  especially  in 
buildings  frequented  by  uncleanly  tuberculous  persons  or  by  infected 
cattle. 

Among  the  lower  animals,  guinea-pigs,  rabbits,  monkeys  in  confine- 
ment, and  cattle  are  particularly  susceptible  to  the  action  of  the  tubercle 
bacillus.  Although  tuberculosis  is  widespread  in  man,  he  is  not,  as 
compared  with  some  of  the  lower  animals,  particularly  susceptible. 
While  the  tuberculous  process  presents  some  differences  in  different 
animal  species  in  rate  of  development,  amount  of  necrosis,  tendency  to 
softening,  calcification,  etc.,  the  fundamental  effects  are  similar  in  man 
and  in  the  lower  animals. 


Portals  op  Entry,  Distribution  of  Lesions,  and  Sources  of  the 

Tubercle  Bacilli. 

Portals  of  Entry  and  Distribution. — The  question  of  the  chief  portals 
of  entry  of  the  tubercle  bacillus  has  given  rise  to  much  discussion  and 
much  experiment.  So  far  as  the  lungs  are  concerned,  in  which  tuber- 
culosis is  common,  it  has  been  assumed  that  infection  is  most  frequently 
direct,  the  bacilli  gaining  access  through  the  respiratory  passages  to 
the  alveoli.  Others  have  contended  that  lung  infection  is  most  often 
secondary  to  the  entrance  of  the  bacilli  through  the  gastro-intestinal 
canal  with  or  without  local  lesions.  Still  others  believe  that  tuber- 
culosis of  the  lung  is  commonly  secondary  to  tuberculous  lesions  of  the 
bronchial  lymph-nodes,  or  that  the  bacilli  may  enter  through  the  tonsils, 
or  that  they  often  enter  through  the  placenta.  To  the  advocates  of 
the  latter  views  the  blood-vessels  and  lymphatics  play  a  predominant 
r6le  in  the  distribution  of  the  infective  agents.^ 

While  it  is  probable  that  all  of  these  portals  of  entry  are  of  importance, 
it  would  seem  well  established  that  direct  inhalations  are  the  most 
frequent  occurrence,  while  entrance  through  the  intestinal  mucosa  is 
very  common,  especially  in  infancy.' 

We  may  assume,  then,  that  the  tubercle  bacillus  most  frequently 
enters  the  body  through  the  respiratory  organs,  including  tonsils  and 
pharynx,  and  through  the  gastro-intestinal  canal.     Traumatic  infection 

^  For  a  study  of  tubercle  bacilli  in  the  blood  see  Anderson,  Hyg.  Lab.  U.  S.  Mar.  Hosp.  Ser. 
Bull.,  57,  1909;  Klopatock  and  Sdigmann,  Ztschr.  f.  Hyg.,  1913,  lxxvi.,7;  and  Klemperer,  BerL  klin. 
Wchnschr.,  1914,  11,  436. 

'For  a  full  discussion  of  this  subject  see  Litbarach,  Fortschr.  d.  Med.,  Bd.xs:ii.,pp.669, 701, 1914. 
For  exp>erimental  tuberculosis  in  young  guinea>pigs  with  reference  to  portals  of  entry  see  Bartd  and 
Spieler,  Wiener  klin.  Woch.  p.  155,  1905  and  p.  25,  1906.  For  a  r6sumi  of  studies  on  the  tubercle 
bacillus  and  its  portals  of  entry,  Baumgarten,  Verhl,  Deut.  Path.  Ges.,  Bd.  ix.,  p.  5,  1905;  Aufirecht, 
"Pathologie  and  Therapie  der  Lungenschwindsucht,"  Wien,  1908;  Ravend,  Am.  Jour.  Med.  Sci., 
cxxxiv.,  469,  1907.  For  mode  of  tubercle-bacillus  infection  in  young  see  Weelenhoeffer,  Beri.  klin- 
Woch.  1904,  pp.  153  and  191.  For  intestinal  origin  of  pulmonary  tuberculosis  see  CcUmeUe  and  Gurrin 
Ann.  Inst.  Pasteur,  vol.  xix.,  p.  601,  1905  and  Calmette,  Medical  Record,  1908,  Ixxiv.,  741.  For  a  stAidy 
of  mode  of  infection  of  the  lungs  by  way  of  the  mouth  and  pharynx  see  BeiUke,  Virch.  Arch-,  Bd. 
dxxxiv.,  p.  1,  1906. 
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through  the  skin  is  of  relatively  infrequent  occurrence,  as  is  apparently 
the  congenital  transmission.^ 

In  adults  the  lungs,  in  children  the  bronchial  lymph-nodes,  are  the 
most  frequent  seat  of  tuberculous  lesions.^ 

Many  observations  on  the  occurrence  of  tuberculous  bronchial, 
cervical,  and  mesenteric  lymph-nodes  in  persons  exhibiting  no  appre- 
ciable tuberculous  lesions  elsewhere  would  indicate  the  frequency  of 
access  of  the  bacilli  to  the  lymph  channels  without  primary  lesion  at 
the  portal  of  entry  in  the  pharynx,  tonsils,  respiratory  passages,  intes- 
tinal mucosa,  or  elsewhere.*  A  considerable  percentage  of  persons  dying 
from  other  diseases  have  been  found  to  have  tuberculous  lesions  often 
healed  in  the  lungs  or  bronchial  lymph-nodes. 

Sources  of  Tubercle  Bacilli. — Tubercle  bacilli  are  frequently  trans- 
mitted to  the  well  from  the  victims  of  tuberculosis  by  means  of  the 
sputum  which  is  cast  off,  allowed  to  dry,  and  becomes  pulverized  and 
is  then  inhaled  as  dust. 

But  this  source  of  infection  is  perhaps  not  as  significant  as  was 
formerly  believed  from  analyses  of  material  gathered  from  walls  and 
floors  of  contaminated  rooms.  For  it  has  become  clear  that  not  all  the 
infectious  material  which  may  be  cast  out  of  the  body  as  sputum  is 
always  readily  and  speedily  transformed  into  dust.  In  the  drying  of 
the  mucus  with  which  much  of  this  material  is  mingled,  a  process  ordi- 
narily rather  slow,  the  bacteria  are  closely  imprisoned  so  that  only 
under  certain  conditions,  such  as  the  rubbing  and  beating  of  soiled 
clothing,  the  shuffle  and  tread  of  feet  over  contaminated  floors,  dry 
sweeping,  and  the  like,  is  the  excretion  sufficiently  comminuted  to  float 
in  the  air  as  dust.  Even  when  this  is  the  case,  it  has  been  found  that  a 
large  part  of  such  pulverized  excreta  is  still  in  too  large  particles  to 
remain  long  suspended  on  the  air. 

This  condition  of  affairs  was  not  appreciated  in  the  earlier  studies 
on  dust  infection,  and  in  many  instances  the  material  called  dust,  col- 
lected in  various  places  for  analysis,  was  evidently  not  in  such  form  as 
would  have  remained  long  in  suspension.  Thus  it  is  that  while  the 
earlier  identification  of  various  pathogenic  micro-organisms  in  the  dust 
of  rooms  was  correct,  the  inference  as  to  the  constant  risk  of  dust  infec- 
tion in  such  places  was  frequently  at  least  somewhat  overestimated. 

On  the  other  hand,  Fliigge  and  others*  have  found  that  not  only  in 
sneezing  and  coughing,  but  also  in  ordinary  speech,  the  secretions 
of  the  nose,  mouth,  and  throat  may  be  cast  forth  in  considerable  quantity 
for  a  distance  of  several  feet,  not  only  in  the  form  of  visible  droplets, 
but  as  a  more  or  less  abundant,  invisible  spray,  which  may  remain  sus- 

'For  a  study  of  placental  and  congenital  tuberculosis  see  Warthin  and  Cowie,  Jour.  Inf.  Dis., 
▼oL  L.  p.  140,  1904. 

'  For  studies  in  the  frequency,  localisation,  and  modes  of  dissemination  of  tuberculosis,  with 
special  reference  to  its  occurrence  in  the  lymph-nodes  and  during  childhood,  see  Harhitt,  Jour.  Inf.  Dis., 
voL  iL,  p.  143,  1005.  bibl.  For  a  study  of  localization  in  infants  and  young  children  see  Wollslein^ 
Arch.  Int.  Med.,  iii..  221,  1909. 

*See  ref.  foot  note,  p.  592. 

*For  the  studies  of  Fliigge  and  his  assistants  see  Zeitschr.  f.  Hygiene  u.  Infkr.,  vol.  xxx.,  1899, 
and  Tol.  zxxviii.,  1901. 
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pended  for  from  half  an  hour  to  several  hours,  and  may  be  carried  for 
long  distances  on  such  slowly  moving  air  currents  as  are  common  in 
inhabited  rooms. 

Thus,  fully  virulent,  infectious  material  may  be  transmitted  directly 
through  the  air  in  coughing  and  sneezing;  indirectly  through  dried 
infectious  sputum  ground  to  dust  and  floating  in  the  air.  Less  fre- 
quent is  the  conveyance  of  tubercle  bacilli  through  soiled  utensils. 
The  transmission  of*  this  germ  through  contaminated  milk^  and  the 
meat  of  tuberculous  cattle'  is  a  mode  of  infection  of  great  importance, 
especially  the  use  of  contaminated  milk  by  young  children.* 

Whichever  way  the  tubercle  bacilli  enter  the  body,  whether  directly  into  the 
lungs,  or  by  the  pharynx  or  tonsils,  or  through  the  intestinal  mucosa,  or  in  rarer  cases 
through  wounds  or  through  the  placenta,  they  are  transported  by  the  blood-  and 
lymph-vessels  to  lymph-nodes  or  to  the  tissues,  where  they  lodge  and  grow  and  incite 
the  formation  of  tubercles.  These  again  if  in  the  blood-  or  lymph-vessels,  when  they 
soften  and  set  the  bacilli  free  by  ulceration  into  the  channels,  afford  fresh  foci  of  dis- 
tribution. So  that  in  cases  of  disseminated  tuberculosis  the  process  of  distribution 
is  more  or  less  gradual.  In  the  meantime  the  progress  of  the  lesions  dependent  in  their 
topography  upon  the  fortuitous  character  of  the  distribution  of  the  infective  agent  is 
marked  by  the  protective  adaptation  of  the  body-cells  expressed  by  the  formation  of 
the  tubercles  and  the  development  of  immunizing  substances;  while,  on  the  other 
hand,  the  bacillus  itself  is  undergoing  these  adaptative  modifications  of  its  own  bio- 
logical characters  which  are  expressed  in  what  we  call  its  virulence. 

Statistics  show,  as  we  have  seen,  that  in  the  majority  of  cases  in  man  the  pro- 
tective agencies  of  the  body  suffice  to  localize  the  lesions,  surround  the  bacilli  by 
necrotic  masses  in  which  they  do  not  flourish,  or  enclose  them  in  a  fibrous  envelope. 
Thus  it  appears  that  it  is  largely  the  chances  of  a  wide  or  a  continued  distribution  of 
the  infective  agent,  pr  an  unusual  susceptibility  of  the  host  or  exalted  virulence  of  the 
bacilli,  or  the  occurrence  of  fresh  infection,  that  makes  tuberculosis  now  and  then  so 
formidable  a  malady  to  man. 

While  it  is  not  impossible  that  future  research  may  lead  to  the  development  of 
effective  methods  of  artificial  immunization  to  tuberculosis,  it  is  to  preventive  meas- 
ures that  we  must  look  for  the  largest  success  in  the  suppression  of  this  scourge  of  the 
human  race.  By  proper  disposal  of  the  sputum ;  by  providing  against  atrial  disper- 
sion of  infective  material  through  unguarded  coughing  and  sneezing;  and  by  such  intelli- 
gent methods  of  cleaning  and  disposal  of  dust  as  shall  safeguard  the  respiratory  organs; 
together  with  an  enlightened  supervision  of  the  supplies  of  meat  and  milk,  it  should 
be  possible  even  in  crowded  communities  largely  to  reduce  both  the  morbidity  and 
the  mortality  of  tuberculosis. 

Concurrent  Infection  in  Tuberculosis. 

A  concurrent  infection  with  the  tubercle  bacillus  and  the  pyogenic 
micro-organisms  is  of  extreme  significance  in  that  phase  of  tuberculous 

^  Many  cases  of  infection  of  human  beings,  especially  children,  with  bovine  bacilli,  have  been 
reported  and  in  children  abdominal  tuberculosis  and  tuberculosis  of  the  cervical  lymph-nodes  is  most 
frequent.  Park  estimates  that  about  10  per  cent,  of  tuberculosis  in  children  under  five  years  is  due  to 
bovine  infection.  See  for  tables  of  observations.  Park  and  Williams,  "Pathogenic  Bacteria,"  p.  323, 
1910,  and  for  comprehensive  study  of  bovine  and  human  types  of  tubercle  bacilli.  Park  and  Kruminedt, 
Jour.  Med.  Res.,  xxiii.,205, 1910;  ibid.,  1912,  xx\ii.,  109;  see  also  Lewis,  Jour.  Exp.  Med.,  xii.,  82,  1910 
Mitchell^  Brit.  Med.  Jour.,  1914,  p.  125;  and  Eraser,  ref.  p.  888. 

'  See  Kober,  Amer.  Jour.  Med.  Sc,  vol.  cxxvi.,  1903,  p.  684,  bibl.  For  the  interoommunicability 
of  human  and  bovine  tuberculosis  see  Ravenel,  Proc.  Path.  Soc.  Philadelphia,  May,  1902;  also  rfsumi  by 
Bovaird,  Med.  Record,  vol.  Ixvii.,  p.  283,  1905. 

For  a  study  of  tubercle  bacilli  on  books  see  Mitvlescu,  Zeitschr.  f.  Hygiene  u.  Infkr.,  Bd.  xliv.,  p. 
397,  1903. 

*  For  a  study  on  flies  and  tuberculosis  see  Lord,  Bost.  Med.  and  Surg.  Jour.,  vol.  cli.,  p.  651, 1904. 
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inflammation  of  the  lungs  commonly  called  phthisis.*  While  the  so- 
called  cold  abscesses  may  be  caused  by  the  tubercle  bacillus  alone,  this 
germ  is  not  infrequently  found  under  these  conditions  to  be  associated 
with  other  pyogenic  micro-organisms,  especially  the  streptococcus  and 
staphylococcus.' 

Bacteria  Resembling  the  Tubercle  Bacillus. 

There  are  several  species  of  bacteria  which  after  deep  staining  resist  the  decoloriz- 
ing action  of  dilute  acids.  These  have  been  called,  collectively,  "acid-resisting"  or 
acid-proof  bacteria.*     We  shall  consider  only  two  of  these. 

The  Smegma  Bacillus. — This  organism  is  often  present  and  sometimes  in  large 
numbers  in  the  preputial  smegma  and  elsewhere  about  the  external  genitals.  It  so 
closely  resembles  the  tubercle  bacillus  in  size,  shape,  and  staining  reactions  that  it  is 
liable  by  morphological  examinations  alone  to  be  mistaken  for  it.  It  has  been  culti- 
vated on  artificial  media  and  is  not  pathogenic.  The  smegma  bacillus,  when  stained  as 
above  recommended  for  the  tubercle  bacillus,  resists  the  decolorizing  action  of  the 
acid;  but  it  is  usually  decolorized  by  prolonged  exposure  to  alcohol,  thus  differing 
from  either  the  tubercle  bacillus  or  the  leprosy  bacillus.  But  this  color  reaction  is  not 
certain;  individual  bacilU  not  infrequently  remain  unstained.  Various  special 
methods  for  differentiation  have  been  suggested.*  In  doubtful  cases,  and  when 
serious  operative  procedures  are  dependent  upon  the  bacterial  diagnosis,  recourse 
should  be  had  to  animal  inoculations. 

The  "Hay  Bacillus." — This  resembles  the  tubercle  and  smegma  bacilli  in  form 
and  staining  peculiarities.  It  is  called  the  "  hay  bacillus  "  or  "  grass  bacillus  "  because 
of  its  common  occurrence  upon  grass-heads  in  the  fields.  It  is  not  pathogenic  and  is 
readily  cultivated. 

Similar  organisms  have  been  frequently  found  in  milk  and  butter,  also  in  the 
sputum  in  gangrene  of  the  lung. 

Lupus  and  Other  Forms  of  Tuberculosis  of  the  Skin. 

Local  tuberculous  inflammation  of  the  skin  may  occur  in  the  form  of  small  nodules 
or  wart-like  thickenings,  as  the  result  of  accidental  inoculation.  Local  skin  infection 
may  occur  about  the  orifices  of  the  body  in  tuberculous  persons  from  contact  with 
secretions  or  excretions  containing  the  tubercle  bacilli,  or  about  sinuses  leading  to 
tuberculous  abscesses,  joints,  etc.,  or  in  the  vicinity  of  tuberculous  lymph-nodes. 

A  chronic  form  of  tuberculous  inflammation  which  presents  special  clinical  features 
has  long  been  known  under  the  name  of  lupvLs. 

Lupus. — This  form  of  inflammation  most  frequently  occurs  in  the  skin  of  the  face, 
but  also  in  the  mucous  membrane  of  the  mouth,  pharynx,  conjunctiva,  vulva,  and 
vagina.  The  lesion  consists  of  small,  multiple  nodules  of  new-formed  tissue,  in  the 
cutis  or  mucosa  and  submucosa.  By  the  formation  of  new  nodules  and  a  more  diffuse 
cellular  infiltration  of  the  tissue  between  them  the  lesion  tends  to  spread,  and  by  the 
confluence  of  the  infiltrated  portions  a  dense  and  more  or  less  extensive  area  of  nodular 
infiltration  may  be  formed.  There  may  be  an  excessive  production  and  exfoliation  of 
epidermis  over  the  infiltrated  area,  or  an  ulceration  of  the  new  tissue. 

Microscopical  examination  shows  the  lesion  to  consist  of  small  spheroidal  cells  in- 
termingled with  variable  numbers  of  larger,  polyhedral  cells  and  cell  masses,  and  in 

*  See  Spenoler,  Zeitschr.  f.' Hygiene,  etc.,  Bd.  xviii.,  p.  343,  1894,  bibliography.  See  reference  to 
Prudden,  p.  631. 

'For  a  study  of  the  simultaneous  occurrence  of  tuberculosis  and  cancer  see  Weinberg,  MQnch. 
med.  Wochenachr.,  p.  1473,  1906;  for  bibliography  see  Oertd,  Jour.  Med.  Research,  1912,  N.  S.,  xx.,  305. 

*  See  for  ritumi  and  bibliography  Abbott  and  Gildersleeve,  Trans.  Assn.  Amer.  Phys.,  vol.  xvii.,  p. 
37,  1902;  also  Roaenberger,  Proc.  Path.  Soc.  of  Phila.,  January,  1904. 

*  Critical  review,  with  bibl.,  Dahma,  Jour.  Am.  Med.  Assn.,  vol.  xxxiv.,  pp.  983  and  1046,  1900 
Consult  also  Cowie,  Jour.  Exp.  Med.,  vol.  v.,  p.  205, 1900. 

.  For  the  method  of  Pappenheim,  which  is  said  to  be  more  reliable  than  the  alcohol  decolorization,  see 
p.  259. 
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many  cases  ^aat  cells  (Fig.  154).  In  some  cases  a  nell-marked  reticulum  is  preaeat 
betweeu  the  new  cells,  and  these  are  often  grouped  in  masses  around  the  bluod-veasels. 
In  some  cases  there  is,  without  previous  ulceration,  a  formation  of  new  connective  tis- 
sue in  the  diseased  area,  and  a  well-marked  cicatrization;  in  other  cases  the  cells  and 
intercellular  substance  undergo  a  disintegration  which  leads  to  ulceration.  Tubercle 
bacilli  in  small  numbers  may  be  found  in  these  lesions.  In  the  clinical  group  of  dis- 
eases called  lupus  there  are  other  forms  of  lesion  which  are  not  incited  by  the  tubercl« 
bacillus. 


Bibliography  of  Tuberculosis. 

The  announcement  of  the  discovery  of  the  Bacillus  tuberculosis  by  Koch  was  made 
in  the  Berliner  klin.  Wochensckrift,  1882,  No.  15.  A  most  elaborate  and  valuable 
article  on  the  same  subject  by  iCocA  is  contained  in  the  "Mittheiluugen  bus  dem  Kaiser- 
lichen  Gesundheitsamte,"  vol.  ii. 

The  abundant  literature  on  the  subject  of  the  tubercle  bacillus  which  has  accumu- 
lated since  18S2isforthemost  part  scattered  through  the  German,  English,  andFrench 
journals. 

An  excellent  critical  riaumt  of  the  subject  by  LaHigau,  with  selected  bibliography, 
may  be  found  in  the  "Twentieth  Century  Practice,"  vol.  xx., 

In  the  large  work  of  Straus,  "La  Tuberculose,"  1895,  the  experimental  aspects  of 
the  subject  are  fully  considered. 

In  the  work  of  Cornet,  "  Die  Tuberculose,"  together  with  the  general  and  clinical 
consideration  of  the  disease,  the  modes  of  infection  and  prophylaxis  are  set  forth, 
with  bibliography.  See  also  Kolle  and  Wassermann's  "  Handbuch  der  Mikoorg&nis- 
men,"'  2d  edition,  1913,  v.,  pp.  391-746.  An  excellent  summary  of  the  tuDercle 
bacillus  and  its  biological  characters  is  in  KoUe  and  HeUch,  "  Experimentelle  Bak- 
teriologie  und  die  Infectionskrankheiten,"  3d  edition,  1911. 
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LEPRA  (Leprosy). 

Leprosy  is  characterized  by  the  development  of  nodular  and  some- 
times diffuse  masses  of  tissue,  consisting  of  larger  and  smaller  cells  of 
various  shapes — spheroidal,  fusiform,  and  branched,  with  a  fibrous 
stroma- — the  whole  somewhat  resembling  granulation  tissue.  The  new 
tissue  is  most  frequently  formed  in  exposed  parts  of  the  skin,  as  the 
face,  hands,  and  feet,  but  it  may  occur  in  the  skin  of  any  part  of  the 
body.  It  is  formed  more  rarely  in  the  subeutaneous  connective  tissue, 
in  intrafascicular  connective  tissue  of  nerves,  in  the  viscera,  and  in  the 
mucous  membranes.  The  mucous  membranes  most  frequently  affected 
are  those  of  the  eye,  nose,  mouth,  and  larynx.  The  nodules  may  be 
very  small  or  as  large  as  a  walnut,  and  may  be  single  or  joined  together 
in  groups  or  masses.  The  tissue  of  the  part  in  which  the  new,  formation 
occurs  may  be  atrophied  and  replaced  by,  or  may  remain  intermingled 
with,  the  leprous  tissue,  or  it  may  be  hyperplastic.  The  nodules  may 
persbt  for  a  long  time  without  undergoing  any  apparent  change,  or  they 
may  soften  and  break  down,  forming  ulcers;  but  ulceration,  except  in 
the  mucous  membranes,  is  said  usually  to  occur  as  the  result  of  injury 
or  unusual  exposure.  The  leprous  tissue  may  change  without  ulceration 
into  cicatricial  tissue,  or  cicatrization  may  follow  ulceration. 

Various  secondary  lesions  and  disturbances  of  nerve  function  are 
associated  with  the  formation  of  leprous  tissue  in  the  nerves  and  central 
nervous  system,  but  these  we  cannot  consider  here. 

In  all  the  primary  lesions  of  leprosy,  bacilli  are  said  to  be  present, 
mostly  in  the  cells,  and  particularly  in  the  larger  transparent  spheroidal 
forms,  but  sometimes  free  in  the  intercellular  substance.  The  bacilli 
have  been  found  in  the  skin,  mucous  membrane  of  the  mouth  and 
larynx,  in  peripheral  nerves,  in  the  cornea,  in  cartilage,  in  the  testicles, 
kidney,  liver,  and  in  the  blood  and  lymph-nodes.  Sometimes  the  cells 
contain  but  few  bacilli,  but  they  are  frequently  crowded  with  them. 

Characters  of  tiie  L«pra  Bacilli. 

The  bacilli  are  from  4  to  0  ;i  long  and  very  slender.  They  are  Bometimes  pointed 
at  the  ends  and  Bometimea  present  spheroidal  Bwellings  (Fig.  155).  In  their  com- 
portment toward  staining  agents,  as  well  as  in 
general  morphological  characters,  they  consider- 
ably resemble  the  Bacillus  tuberculosis,  but  they 
are  more  readily  Btaiaed.  They  may  be  stained 
irith  fuehsin  or  gentian  violet  by  the  ordinary 
method,  or  by  the  method  employed  for  staining 
the  tubercle  baeillua  (see  p.  258). 

Cultures  and  Pathogenesis.— y a rious  reports      fiq.  iss.— Thk  Bacilu  or  Lefbobt 

of  success  in  the  artificial  cultivation  of  the  lepra  Tcom  a  nodule  in  the  skin,  sbowing  tha 
bacillus  have  been  made  but  confirmation  has  bacilli  free  and  wichiu  cells. 

not  followed.     Quite  recently,  however,  Clegg' 

and  others  have  apparently  succeeded  in  securing  cultures  with  arocebn,  and  their 
symbiotic  bacteria.  Finally  Duval'  records  his  success  in  pure  cultures  and  his 
confinnation  of  the  work  of  Sugai  in  securing  positive  results  by  the  inoculation  of 
cultures  in  the  Japanese  dancing  mouse. 

I  Clvt.  PhiUipies  Jour.  Sci..  iv.  403.  1909:  aba  CumV,  BriTtckirhof,  and  HoUman.  Publio  Health 

orta.  U.  8.  Mar.  Hasp.  S«r.,  iiv.,  J173.  ISIO. 

Dutal.  Jour.  Bip.  Med..  lii..  049.  1910:  Duval  and  WMman.  Jour.  Infect.  Dis,.  1012.  xi.,  110. 
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The  structure  of  the  new  tissue  growth,  the  abaenee  of  coagulation 
necrosis,  and  the  peculiar  grouping  of  the  bacilli  in  the  large  transparent 
cells  are  characters  which  usually  clearly  distinguish  the  lesions  caused 
by  the  leprosy  bacillus  from  those  of  tuberculosis. 

Leprosy  ia  common  in  India  and  in  other  hot  countries.  It  Is  infre- 
quent in  America,  but  in  the  Gulf  States,  in  Mexico,  among  the  Nor- 
wegians in  the  Northwest,  and  in  the  eastern  British  provinces  a  con- 
siderable number  of  cases  are  grouped.  Isolated  cases  are,  however, 
encountered  now  and  then  in  various  parts  of  the  United  States.' 

CommunicaUlity. — So  long  as  the  leprous  tissue  is  intact  the  bacilli 
are  closely  enclosed  by  it.  But  when  necrosis  and  ulceration  occur,  as  on 
the  skin  or  the  mucous  membranes,  the  bacilli  may  be  widely  distributed; 
from  ulceration  nodules  in  the  nose  and  pharynx,  for  example,  in  sneez- 
ing and  coughing.  But  even  persons  exposed  to  infective  exudates  are 
so  seldom  infected  that  one  is  forced  to  assume  special  predisposing 
factors  which  we  do  not  understand  when  infection  does  occur.  Under 
proper  sanitary  conditions  leprosy  is  not  to  be  regarded  as  readily 
communicable.' 

SYPHILIS. 

It  has  been  found  convenient  to  consider  the  lesions  of  syphilis  as 
occurring  in  three  stages,  primary,  secondary,  and  tertiary.  These 
stages  may  perhaps  mark  epochs  in  the  development  of  the  infective 
agent  or  phases  in  the  protec- 
tive action  of  the  body-cells  in 
the  course  of  their  adaptation 
to  the  parasitic  organism.  Or, 
finally,  the  stages  of  s>'philifl 
may  bear  some  relationship  to 
the  adaptive  processes  of  the 
infective  organism  itself. 

It  may   be  said   in  general 

that  the  characteristic  lesions  of 

syphilis   consist   in  a  more   or 

less  circumscribed  formation  of 

new  tissue.     This  may  be  made 

up  largely  of  small  spheroidal 

Fia.  iM.-Niiw-«>Bu.D  Tw.  i«  Siphiutic        gells  or  of  these  with  polyhedral 

From.- hard .w^""ro"v^»woii™«.d^         cells    (Fig.    156),   and   of  occa- 

theuum  in  &  ■mall  bkwd-vesaeL  sional    giant    cells.      The    new 

tissue,  which  may  be  diffuse  or 

in  more  or  less  clearly  circumscribed  masses,  contains,  as  a  rule,  few 

blood-vessels,  and   is  prone  to   undergo   coagulation   necrosis.      This 

tendency  is  most  pronounced  in  the  circumscribed  masses. 

The  endothelial  cells  of  the  blood-vessels  in  and  near  the  inflammatory 

■  For  a  study  of  lepngy  in  the  Uoitad  Stslca.iea  firinoterAof,  Public  HoalUi  ud  Muioe  HoapiUl 
'  For  bibUography  of  leproey  consult  Mottoic.  "  Twentieth  Century  Pnwtieo."  vol.  xviii. 
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foci  in  this  form  of  inflammation  are  not  infrequently  ewoUen  and  may 
proliferate  (Figa.  156  and  157,  B).  The  vessels  may  otherwise  undergo 
extensive  changes. 

Primary  Lesiotu. — At  the  point  of  inoculation  in  a  few  weeks  a  focus 
of  inSammation  develops — the  initial  sclerosis.  This  may  be  in  the 
form  of  a  papule  or  a  vesicle,  and  in  either  ease  erosion  of  the  surface  is 
apt  to  occur  and  a  hardening  of  the  deeper  tissues,  leading  to  the  so- 
called   chancre.     In  this  primary  lesion,  in  addition  to  more  or  less 
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fluid  and  cellular  exudate,  there  may  be  obliterating  endarteritis,  a 
Btnall  spheroidal-cell  infiltration  of  the  connective  tissue,  proliferation  of 
connective-tissue  cells,  especially  near  the  blood-vessels  (Fig.  158), 
swelling  of  the  vascular  endothelium,  and  an  occasional  development 
of  giant  cells.  This  new  tissue  may  become  fibrous  and  the  initial 
lesion  heal. 

Usually  in  connection  with,  or  following  the  development  of,  the 
initial  lesion  there  is  a  hyperplasia  of  the  lymph-nodes  belonging  to  the 
anatomical   district  of  the  lesion.     These   become  hard   and   swollen. 
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Tiiese  h3rperplastic  lymph-nodes,  called  buboes,  are  not  apt  to  Buppur&te 
except  as  the  result  of  concurrent  infection  with  pyogenic  bacteria,  bat 
the  swelling  gradually  subsides. 

Secondary  Letions. — After  six  or  seven  weeks  the  so-called  secondary 
stage  of  syphilis,  now  called  constitutioual  syphilis,  is  entered  upon. 
This  is  characterized  by  various  forms  of  eruption  on  the  skin  and 


Fis.  158.— Section  tkoh  a  Psiuabt  Siphiutic  Nodule  of  the  Udcodb  MehbiaHI  of  «■ 

Mouth. 
3faow[ag  collectioDB  of  celln  about  the  blood-vesseLa  is  tbe  aubibucoiu  tinue. 

mucous  membranes — macules,  papules,  and  pustules.  Periostitis  is  i"** 
infrequent.  At  this  period  there  often  develop  on  the  mucous  membranes 
or  where  these  join  the  skin,  circumscribed  areas  of  exudative  and  p^ 
ductive  inflammation  of  the  papillary  layers  with  necrosis  and  esfolw- 
tion  of  the  epithelium.  The  papills  are  enlarged,  the  epithelium  swollen 
and  opaque.  These  local  areas  of  inflammation  and  necrosis  are  c^U™ 
mucous  patches.  Of  similar  character  are  the  elevated  areas  of  thesw" 
common  about  the  generative  organs  in  secondary  syphilis,  called  c^ 
dylomuta.     Here  also  there  is  at  the  base  the  characteristic  cell  prolife^ 


THE    INFECTIOUS    DISEASES  273 

ation  with  swelling  of  the  papilla,  thickening  and  exfoliation  of  the  epitlft- 
Hum,  and  there  may  be  an  abundant  infectious  exudate  from  the  surface. 

Tertiary  Lesions. — One  of  the  most  characteristic  phases  of  the 
tertiary  inflammations  of  syphilis  is  the  formation  in  the  periosteum 
or  in  the  viscera,  especially  in  the  liver,  lungs,  heart,  brain,  and  kidney, 
of  masses  of  new  tissue  called  gummaia. 

The  smaller  gummata  consist  of  a  mass  of  small  spheroidal  and  epi- 
thelioid cells  (see  Fig.  159).  As  these  cell  masses  grow  larger  they  are 
apt  to  become  necrotic  and  caseous  at  the  centre,  and  we  may  then 
have,  as  seen  by  the  naked  eye,  a  grayish  white,  usually  firm  mass,  with 
a  more  or  less  dense  and  irregular  granular  centre  and  a  translucent, 
often  radially  striated  border  of  dense  fibrous  tissue  (see  Fig.  160) . 


Gummata  vary  in  size  from  those  invisible  to  the  naked  eye  to 
those  several  centimetres  in  diameter;  they  are  usually  single,  but  may 
be  multiple,  and  occasionally  several  coalesce.  The  border  zone  of  the 
gumma  usually  consists  of  granulation  or  fibrous  tissue  and  may  be 
regarded  as  due  to  the  reparative  reaction  of  the  surrounding  tissues. 
The  necrotic  portions  of  gummata  may  be  absorbed  and  the  whole 
replaced  by  a  mass  of  cicatricial  tissue;  or  strands  of  fibrous  tissue  enclos- 
ing irregular  islets  of  caseous  material  may  long  persist  at  the  original 
seat  of  the  gummata.  In  some  instances  the  syphilitic  inflammation 
may  be  diffuse,  with  or  without  marked  necrosis.  In  the  lungs,  the 
liver,  and  the  walls  of  the  arteries  the  later  stages  of  syphilitic  infection 
may  be  marked  by  the  diffuse  formation  of  fibrous  tissue. 

CongeMtal  Syphilis. — The  lesions  of  congenital  syphilis  are  those  of 
the  secondary  and  tertiary  stages,  and  may  be  present  at  birth  or  develop 
at  a  later  period.     Various  phases  of  malnutrition  are  often  obvious. 
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There  may  be  pemphigus  of  the  hands  and  feet  or  elsewhere,  with  vesicles 
or  blebs  containing  variously  colored  or  bloody  fluid.  Pustules,  usually 
about  the  buttocks;  various  erythematous  rashes;  coryza;  inflammations 
of  the  bones,  joints,  and  cornea,  etc.,  are  frequent.  Irregularities  in 
the  ossification  of  the  long  bones  (see  p.  889) ,  gummata  and  cirrhosis  of 
the  liver,  enlargement  of  the  spleen,  various  inflammatory  and  degener- 
ative lesions  of  the  kidney,  and  obliterating  endarteritis  are  among  the 
more  common  marks  of  congenital  syphUis. 

Diagnosis. — The  nodular  lesions  of  syphilis  are  in  many  respects 
structurally  similar  to  those  of  tuberculosis,  so  that  it  is  sometimes 
diflScult  to  distinguish  them  on  morphological  examination  alone.  But 
the  greater  variety  in  the  developmental  stages  of  the  tuberculous  foci 
which  may  be  found  in  a  single  individual,  the  grouping  of  the  lesions 
in  a  manner  indicative  of  local  infections,  and  in  the  last  resort  the 
demonstration  of  the  presence  of  the  tubercle  bacillus,  will  usually  suf- 
fice to  distinguish  the  tuberculous  from  the  syphilitic  lesion,  even  with- 
out recourse  to  the  clinical  history. 

For  further  details  regarding  syphilitic  lesions  of  the  viscera  see 
Part  II.  For  many  details  regarding  syphilis,  its  symptomatology  and 
lesions,  its  effects  upon  gestation  and  the  infant,  etc.,  reference  is  made 
to  special  works  on  the  subject.* 

Animal  Inoculations. — It  has  been  shown  by  Metchnikoff  and  Roux' 
and  by  Neisser,^  that  successful  inoculations  of  apes  may  be  made  with 
the  virus  of  syphilis.  It  has  been  found  that  while  cutaneous  inocula- 
tion with  material  from  primary  and  secondary  lesions  gives  positive 
results,  subcutaneous  and  intraperitoneal  introduction  of  similar  mate- 
rial does  not.     Rabbits  have  also  been  successfully  inoculated.* 

Treponema  pallidum  (Spirochseta  pallida). — In  1905  Schaudinn  and 
Hoffmann*^  described  the  occurrence  in  primary  lesions  of  syphilis  of  a 
slender,  spiral  organism  (Figs.  161  and  162)  of  about  the  length  on  the 
average  of  the  diameter  of  a  red  blood  cell,  which  they  called  Spirochcda 
pallida.  It  is  sharply  curved,  corkscrew  like,  having  from  three  to  ten 
or  more  curves,  and  is  pointed  at  the  ends.  It  is  mobile,  rotating  on 
the  long  axis,  and  moving  in  both  directions.  This  organism  at  first 
called  Spirochaeta  was  afterward  renamed  Treponema. 

The  Treponema  pallidum  is  stained  with  diflSculty  by  the  ordinary 
reagents  and  is  thus  frequently  diflScult  of  detection.  It  may  be  mixed, 
especially  when  on  the  ulcerating  surfaces  of  syphilides,  with  coarser 
and  more  readily  stained  spiral  organisms,  particularly  SpirochMa 
refringens,  and  with  various  other  saprophytic  bacteria.  It  is  most 
readily  detected  in  material  from  the  depths  of  such  lesions  as  con- 
dylomata and  mucous  patches. 

^  For  critical  summary  of  syphilis  with  recent  bibliography  see  Lang  and  UUmann  in  Lubanch  and 
Ostertag's  "Engebnisse,"  Jahrg.  v.  for  1898,  p,  481. 

For  a  study  of  blood-v^sel  changes  in  syphilis  witli  bibliography  see  Abramow,  Zi^Ier's  BeitrSfe, 
Bd.  xxvi..  p.  202,  1899. 

'  Ann.  Inst.  Pasteur,  t.  xvii.,  p.  809,  1903. 

'  Deut.  mcd.  Woch.,  xxx.,  pp.  1369  and  1431,  1904;  and  Neisser  and  Baermann,  tbtd.,  xxxi.,  P- 
48,  1905. 

*  BertareUi,  Central,  f.  Bak.,  xli.,  320,  1906. 

'  Arbeiten  a.  d.  Kais.  Gesundheitsamte,  Bd.  xxii..  p.  527, 1905:  also  Deut.  med.  Woch..  p.  711. 1905. 
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The  Treponema  pallidum  haa  been  found  in  condylomata  and  in  the 
primary  macules,  papules,  and  pustules.  It  has  been  found  in  the 
internal  organs,  in  the  lymph-glands  of  involved  regions,  in  the  spleen, 
adrenals,  and  liver,  and  in  the  blood. 

The  organism  has  also  been  found  in  the  secondary  lesions  of  syphilis, 
even  at  a  late  period,  and  in  tertiary  lesions  and  in  the  brain  in  paresis. 
It  also  occurs,  sometimes  in  large  numbers,  in  the  lesions  of  the  skin  and 
in  the  internal  organs  of  the  victims  of  congenital  syphilis. 

It  has  been  found  possible  by  inoculating  monkeys  and  rabbits,  the 
latter  preferably  in  the  testicle,  with  human  syphilitic  material,  to  obtain 
characteristic  lesions  containing  the  treponema,  and 
also  to  induce  similar  lesions  with  pure  cultures 
obtained  directly  from  human  tissues.  The  blood 
of  infected  monkeys  also  gives  the  Wassermann 
reaction.  There  is,  therefore,  no  longer  any  doubt 
that  the  organism  is  the  inciting  agent  of  syphilb. 
Its  exact  classificatory  relationships  are  as  yet  a 
matter  of  discussion,  but  it  is  generally  regarded  as 
a  special  order  of  the  protozoa,* 

Communicaldlity. — The  infective  agent  of  sy- 
philis is  readily  and  most  frequently  conveyed  in 
man  by  direct  inoculation  with  the  exudate  from 
some  lesion  of  a  victim  of  the  disease.  This  most 
frequently  occurs  during  sexual  intercourse,  but 
may  take  place  in  many  other  ways,  either  through 
direct  or  indirect  transmission  to  abraded  or 
^vounded  surfaces  of  the  infective  exudate.  '"'    pITubuh"'"''* 

Syphilis  may  also  be  congenitally  transmitted,   (SpirochBti»i»iiidB.)   indi» 
apparently,  either  from  the  father  or  the  mother. 
But  the  transmission  of  the  infective  agent  through  the  placental  blood 
is  the  more  common. 

Immunization. — Though  many  attempts  have  been  made  to  secure 
active  and  passive  immunity,  none  has  been  successful. 

Demonstratioii  of  Treponoma  Pallidum. 

The  material  is  most  readily  obtained  from  the  primary  ulcerated  lesions  by  gently 
scrAping  with  a  platinum  loop  after  a  preliminary  cleansing  of  the  surface,  or  from 
mucous  patches  by  a  deep  scraping  with  a  sharp  spoon.  From  papules,  pustules,  and 
roseoltB  one  may  obtain  material  by  expressing  fluid  through  a  superRcial  incision; 
from  lyraph-nodes  by  the  hypodermic  needle. 

Living  OreuiiBms. — By  the  use  of  the  special  condenser  for  dark  field  illumination 
■a  »  fresh  preparation,  by  the  arc  light  one  may  see  the  refractile  unstained  spiral 
orgntUBms  in  rapid  motion  across  the  dark  field. 

Staining. — Smears  of  the  material  should  be  made  very  thin.  Aft#r  fixation  in 
strong  methyl  alcohol  for  ten  minutes,  the  Treponema  pallidum  can  be  stained  by  the 
Giemsa  method  (page  1037)  or  thearure-eosin  method  of  Wood  (page  317).  With  the 
GiemsB  method  it  is  well  to  stain  for  from  twelve  to  twenty-four  hours;  with  the 
Wood  method  a  warm  preparation  can  be  stained  in  ten  minutes. 

>  For  cultural  methods  «e  Nagwhi.  Jour.  Eiper.  Med..  1012.  xv..  BO.  For  a  Eeneral  rev-i?*' with 
bibliojtraphy  see  Scbtmhrim,  in  Kolle  u.  Wogxermiuin.  Hsadbuch.  2d  edilioti.  leiD.  >ii,  745;  OoJIrm. 
Lehrtiucb  d.  Prolawenkuude.  3d  edition.  Jena.  IBIl:  Ltvadili  and  Rorhi.  La  nyphilis.  Paris,  IBOa. 
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IntisBues,  the  treponema  is  best  demonstrated  by  the  silver  impregaatioD  method 
of  Cajal,  as  modified  by  Levaditi  and  others.     This  is  as  follows: 

1.  Fix  slices  of  tissue  not  over  2  mm.  thick  in  a  solution  of  1  part  formalin  and  9 
parts  water,  for  twenty-four  to  forty-eiglit  hours. 

2.  Harden  in  96-per-cent.  alcohol  for  twenty-tour  hours. 

3.  Wash  in  distilled  wat«r  until  the  fragments  sink. 

4.  Impregnate  with  the  following  solution: 

Pyridin 10  e.c. 

Silver  nitrate,  I-per-cent.  aqueous  sol 90  c.c. 

Tightly  stoppered  bottles  are  maintained  at  a  temperature  of  50  to  oS"  C.  in  a  paraffin 
oven  for  five  hours. 

6.   Wash  in  distilled  water  and  reduce  in  the  follomng  mixture  at  room  tcinpei^ 

Pyridin 1"  <'■<'■ 

Acetone '0  c.c. 

Pyrogallie  acid,  4-per-cent.  in  dist.  water 90  c.c. 


Stained  by  tbe  silver  metbod,     Prapurstion  of  Dr,  Noguchi.     Sho«in«  m 
spirochetes  in  the  amear  of  malerinl  from  syphilitic  lesii 

The  tissue  should  be  kept  in  the  dark  and  reduction  carried  o 
6.   Dehydrate  in  alcohol,  embed  in  paraffin,  and  c 

thick. 

If  a  counterstain  is  desired,  use  toluidin  blue  or  Unna's  alkaline  methylene  blue, 

and  differential*  with  glycerine-ether. 

Noguchi'  states  that  in  the  use  of  the  Levaditj  method  certain  modifications  are 

necessary  if  satisfactory  results  are  to  be  obtained.     The  preliminary  fixation  of  tbe 

cerebral  tissue  in  formalin  should  be  very  thorough,  a  period  of  six  months  to  a  year 

giving  the  best  results.     Slices  of  brain  tissue,  5  to  7  mm.  thick,  are  placed  in  tbe  follow- 

ing  mixture: 

Formalin 10  parts 

Pyridin 10  parts 

Acetone 25  parta 

Alcohol 25  parts 

Distilled  water 30  parts 

1  JVoBurAi,  MUDchen.  med.  Wcbnachr..  1913,  Ix.,  737. 
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In  this  they  remain  at  room  temperature  for  five  days.  They  are  then  washed  in 
distilled  water  for  twenty-four  hours ;  transferred  to  96-per-cent.  alcohol  for  three  days ; 
^w^ashed  in  distilled  water  for  twenty-four  hours;  soaked  in  1.5-per-cent.  aqueous  solu- 
tion of  silver  nitrate  for  three  days  at  37°  C.  or  for  five  days  at  room  temperature; 
washed  in  distilled  water  for  two  hours;  reduced  in  4-per-cent.  pyrogallic  solution  to 
iwhich  has  been  added  5-per-cent.  formalin,  for  twenty-four  to  forty-eight  hours  at 
room  temperature;  washed  thoroughly  in  distilled  water;  transferred  to  80-per-cent. 
alcohol  for  twenty-four  hours;  then  to  95-per-cent.  alcohol  with  daily  renewals  for 
three  days;  and  absolute  alcohol  for  two  days;  and  embedded  in  paraffin.  Sections 
Blioiild  be  cut  about  3  to  5  microns  thick,  and  should  be  taken  from  different  portions 
of  the  block  in  order  that  areas  may  be  obtained  in  which  the  neuroglia  fibers  are  not 
deeply  stained  and  the  treponema  is  black. 

By  this  method  the  spirals  are  more  or  less  definitely  black,  the  tissues  pale  yellow. 
Double  staining  reveals  the  relationships  of  the  organism  to  the  tissue  cells. 

India  Ink  Stain. ' — An  effective  method  of  demonstrating  the  syphilis  organism  in 
smears  is  as  follows: 

The  fluid  squeezed  from  a  syphilitic  lesion  on  to  a  slide  with  as  little  blood  as  pos- 
sible is  mixed  with  a  drop  of  India  ink  (Chin-Chin  waterproof  ink  manufactured  by 
Gcinther  Wagner),  and  the  mixture  spread  as  in  making  blood  smears.  After  dry- 
ing, which  is  almost  immediate,  the  specimen  examined  directly  with  an  oil  immer- 
sion lens  shows  the  organism,  if  present,  as  unstained  in  a  black  field  (see  Fig.  161). 

WASSERMAlfN'S  TEST  IN  THE  DIAi^OSIS  OF  SYPHILIS. 

General  Considerations. — The  principles  on  which  this  test  is  based  have  been 
considered  on  page  189  under  the  heading  Fixation  of  Complement.  We  have 
there  seen  that  when  a  substance  capable  of  inciting  the  body-cells  to  the  formation  of 
antibodies,  i.e.,  an  antigen,  is  mixed  with  its  corresponding  heated  serum,  i.e., 
antibody  or  amboceptor,  in  the  presence  of  complement,  the  latter  is  so  "fixed"  in 
combination  with  the  antigen  that  it  is  no  longer  free  to  enter  into  any  other  combina- 
tion. This  is  shown  by  the  fact  that  if  such  a  mixture  be  placed  in  contact  with 
the  sensitized  red  blood  cells,  no  haemolysis  is  produced. 

If,  in  the  above  reaction,  the  heated  serum  contained  no  antibody,  the  comple- 
ment would  not  be  fixed  and  hemolysis  would  take  place  on  the  addition  of  the 
sensitized  red  blood  cells. 

In  this  way  one  may  determine  the  presence  in  given  fluids  of  specific  antibodies, 
on  the  one  hand,  or  of  antigens  on  the  other,  if  he  have  at  hand  the  homologous 
antigens  or  antibodies  as  the  case  may  be.  For  antigens  one  may  use  bacteria  or 
bacterial  extracts. 

In  Wassermann's  test  it  was  assumed  that  syphilitic  organs  might  contain  uncom- 
bined  portions  or  products  of  Spirochffita  (Treponema)  pallidum,  i.e.,  free  syphilitic 
antigens,  and  thus  extracts  in  salt  solution  or  alcohol  were  made  of  organs — spleen, 
liver,  etc. — of  a  syphilitic  foetus.  But  it  was  discovered  later  that  specific  antigens 
are  not  necessary  for  the  reaction;  that  extracts  of  normal  organs,  liver,  spleen,  heart, 
human  or  animal,  or  lecithin  in  solution  can  act  as  antigens  in  the  tests. 

Details  of  the  Test. — Five  elements  enter  into  the  Wassermann  test — antigen, 
hiemolytic  serum,  complement,  blood  corpuscles,  and  the  serum  to  be  tested  for 
syphilitic  antibody. 

I.  The  Antigen. — Of  the  large  number  of  antigens  proposed  by  different  workers 
for  use  in  the  Wassermann  test,  the  following  have  been  found  by  the  writer  to  be  the 
most  useful. 

A.  Alcoholic  extract  of  syphilitic  organs.  The  liver  of  a  syphilitic  foetus  is 
chopped  fine,  and  absolute  alcohol  is  added  in  the  proportion  of  9  c.c.  to  each  gram  of 
liver.  The  mixture  is  shaken  with  glass  beads  in  a  shaking  machine  for  twenty-four 
hours,  and  then  filtered  through  paper.  The  extract  is  most  useful  in  amounts  of 
from  0.2  to  0.3  c.c. 

B.  Alcoholic  extract  of  normal  organs.  Guinea-pig  or  human  heart,  ground  fine, 
is  extracted  with  5  c.c.  of  95-per-cent.  alcohol  to  each  gram  of  material.     The  extrac- 

1  Bttrri,  Das  Tuscheverfahren,  Jena,  1909. 
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tion  may  be  done  in  a  water  bath  at  60°  C.  for  ten  to  twelve  hours  or  at  37.5*^  C.  or 
room  temperature  for  longer  periods,  up  to  two  weeks.  Such  extracts  are  most  often 
used  in  amounts  of  from  0,03  to  0.3  c.c. 

C.  Fractionated  lipoids.  Noguchi^  recommends  the  use  of  the  alcohol  and  ether 
soluble  but  acetone  insoluble  fraction  of  the  heart,  liver,  or  kidney  of  man  or  various 
animals,  as  the  ox,  guinea-pig,  rabbit,  etc.  Fresh  beef  heart  is  generally  available  and 
gives  a  fair  proportion  of  satisfactory  results. 

The  finely  minced  organ,  freed  from  fat,  is  extracted  for  several  days  at  37.5**  C. 
with  ten  parts  of  absolute  alcohol.  The  resulting  alcoholic  extract  is  evaporated 
to  dryness  with  the  aid  of  an  electric  fan.  The  residue  is  taken  up  in  ether  and  the 
turbid  solution  is  allowed  to  stand  until  the  insoluble  portion  has  settled,  leaving  a 
clear  supernatant  fluid.  The  clear  portion  is  decanted  and  concentrated  to  a  small 
volume  by  evaporation.  This  is  mixed  with  ten  volumes  of  acetone,  when  a  precipi- 
tate will  form  which  settles  to  the  bottom  of  the  vessel.  The  supernatant  fluid  is 
decanted  and  the  brownish  sticky  precipitate  is  retained.  Three-tenths  gram  of 
this  material  is  dissolved  in  about  1  c.c.  of  ether  and  9  c.c.  of  methyl  alcohol  are  added. 
A  slight  precipitate  results,  which  is  removed  by  sedimentation.  This  solution  is  per- 
manent. For  use  in  the  test  a  0.3-per-cent.  emulsion  is  made  by  mixing  1  c.c.  of  the 
alcoholic  stock  solution  with  9  c.c.  of  salt  solution.  Titration  usually  shows  that 
O.I  c.c.  of  this  emulsion  will  give  satisfactory  results. 

D.  Cholesterinized  extracts.*  Finely  minced  guinea-pig  hearts  are  extracted 
with  95-per-cent.  alcohol  for  two  to  three  weeks  at  37.5°  C.  To  the  filtered  extract 
is  added  0.4-per-cent.  cholesterin.  For  use  the  antigen  is  diluted  with  salt  solution. 
One  c.c.  of  a  1  to  10  dilution  is  usually  found  satisfactory. 

In  preparing  antigens  it  is  found  that  even  with  identical  technique  the  results 
vary  greatly,  some  preparations  proving  absolutely  worthless.  The  substances 
used  as  antigen  occasionally  have  lytic  prop>erties  for  red  blood  corpuscles  and  fre- 
quently have  the  power  when  used  in  too  large  quantities  of  themselves  binding 
complement.  It  is  necessary,  therefore,  with  each  antigen  to  determine  the  largest 
quantity  which  can  be  used  without  causing  lysis  of  sheep  corpuscles  or  exerting  an 
anticomplementary  action;  i.e.,  which  will  not  of  itself  inhibit  haemolysis.  For  these 
tests  the  required  amount  of  antigen  is  diluted  with  three  parts  of  0.9-per-cent.  salt 
solution.  To  test  the  lytic  power,  graded  amounts  of  this  antigen  emulsion  are 
mixed  with  0.25  c.c.  of  a  5-per-cent.  suspension  of  washed  sheep  corpuscles  and 
suflScient  salt  solution  is  added  to  make  the  total  volume  of  each  tube  1.25  c.c. 
These  tubes  are  placed  in  a  water  bath  for  one  hour  at  37.5°  C.  To  test  for 
anticomplementary  properties  graded  amounts  of  the  antigen  emulsion  are  added 
to  0.25  c.c.  of  a  1  to  10  dilution  of  guinea-pig  serum,  with  sufficient  salt 
solution  in  each  tube  to  make  the  total  volume  0.75  c.c.  The  tubes  are  placed 
in  a  water  bath  for  one  hour  at  37.5°  C.  At  the  end  of  this  time  0.5  c.c.  of  ac- 
tivated sheep  cells  are  added  to  each  tube,  and  the  mixtures  returned  to  the  water 
bath  for  one  hour.  The  activated  sheep  cells  are  prepared  by  mixing  equal  parts 
of  a  5-per-cent.  suspension  of  washed  sheep  cells  and  a  dilution  of  rabbit  senun 
haemolytic  for  sheep  corpuscles,  of  such  strength  that  in  the  resulting  mixture  the 
sheep  corpuscles  shall  contain  two  units  of  sheep  amboceptor.  As  a  general  rule,  the 
amount  of  antigen  used  in  the  test  should  not  be  more  than  half  the  largest  amount 
found  by  the  previous  titration  not  to  be  of  itself  anticomplementary.  For  use  in  the 
Wassermann  reaction  it  is  advisable  to  dilute  the  antigen  with  salt  solution  so  that 
1  c.c.  of  the  emulsion  shall  contain  the  proper  amount  of  the  extract.  The  extract 
should  then  be  tested  in  this  and  smaller  amounts,  using  the  regular  Wassermann 
technique,  with  several  positive  sera  to  prove  the  presence  of  antigenic  properties 
in  sufficient  amount.  The  postulate  of  Noguchi^  that  an  antigen  should  not  be 
anticomplementary  or  lytic  in  four  times  the  dose  used  and  should  contain  at  least 
five  antigenic  units,  i.e.,  should  give  a  positive  reaction  with  one-fifth  the  amount 
used,  is  empirical,  but  is  a  good  rule  to  follow  for  the  fractionated  lipoid  antigens. 
If  the  antigenic  properties  of  an  antigen  are  not  sufficiently  strong  the  complement 

^  Noguchi,  Serum  Diagnosis  of  Syphilis,  3d  edition,  1912. 
»  Walker  and  Smft,  Jour.  Exper.  Med.,  1913,  xviii.,  75. 
•  Noguchi,  Serum  Diagnosis  of  Syphilis,  3d  edition,  1912. 
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may  be  only  partially  fixed  even  with  strongly  positive  sera  and  a  weak  reaction  may 
result,  while  with  weakly  |>o8itive  sera  the  reaction  may  be  entirely  missed. 

The  presence  in  many  human  sera  of  natural  sheep  amboceptor  necessitates  the 
use  of  an  antigen  of  several  antigenic  units,  if  the  best  results  are  to  be  obtained  from 
the  original  Wassermann  technique.  Within  certain  limits  the  quantitative  relation- 
ship between  the  absolute  amounts  of  amboceptor  and  of  complement  necessary  to 
produce  complete  haemolysis  is  such  that  an  increase  of  one,  as  amboceptor,  permits 
of  the  use  of  a  smaller  amount  of  the  other,  that  is,  complement.  As,  in  the  final  stage 
of  the  Wassermann  reaction,  we  add  two  units  of  sheep  amboceptor,  the  presence  of 
natural  sheep  amboceptor  in  the  human  serum  causes  an  excess  of  this  factor,  which 
in  some  cases  is  considerable.  To  avoid  the  dangers  of  negative  reactions  with  posi- 
tive sera  because  of  an  excess  of  amboceptor,  several  modifications  of  Wassermann's 
original  technique  have  been  devised,  as  those  of  Noguchi,^  Bauer,*  and  Jacobaeus.' 
The  modifications  of  Noguchi  and  Jacobaeus  are  eflBcient  in  precluding  this  possibility. 
If,  however,  an  antigen  of  high  antigenic  power  is  used  the  number  of  positive  sera 
which  will  give  a  negative  reaction  with  the  regular  Wassermann  technique  because 
of  the  presence  of  natural  sheep  amboceptor  is  very  small. 

Cholesterinized  antigens  give  a  larger  percentage  of  frankly  positive  reactions  than 
do  antigens  made  by  other  methods;  and  sera  which  with  other  antigens  give  only  a 
doubtful  or  weakly  positive  reaction  are  apt  with  the  cholesterinized  antigen  to  give 
much  stronger  reactions.  Some  workers,  however,  believe  that  some  of  the  sera 
which  give  positive  reactions  with  this  antigen  only  are  not  luetic.  It  is  always  ad- 
visable in  the  Wassermann  test  to  use  more  than  one  antigen,  inasmuch  as  the  results 
with  different  specimens  vary.  At  least,  until  a  greater  number  of  observations  with 
cholesterinized  antigens  have  been  recorded,  it  is  particularly  advisable  that  when 
this  antigen  is  being  used  the  results  be  in  every  case  controlled  by  a  reliable  antigen 
made  by  one  of  the  older  methods. 

II.  The  Hcemolytic  Serum. — The  hsemolytic  amboceptor,  for  the  reaction,  is 
obtained  by  injecting  into  rabbits  the  washed  red  blood  corpuscles  of  a  sheep.  A 
50-per-cent.  emulsion  of  the  corpuscles  is  made  and  of  this  5  c.c,  10  c.c,  and  15  c.c.  are 
injected  at  intervals  of  five  or  six  days.  Three  or  four  graded  injections  of  this  kind 
are  usually  sufficient  to  furnish  a  serum  of  adequate  hsemolytic  power.  The  injections 
may  be  made  intraperitoneally,  subcutaneously,  or  intravenously.  If  intravenous 
injections  are  given  the  doses  should  be  smaller  than  the  above.  About  nine  or 
ten  days  after  the  last  injection  of  corpuscles,  a  small  amount  of  blood  is  withdrawn 
from  the  ear  vein,  and  a  preliminary  titration  of  the  serum  is  made.  If  the  serum  is 
of  sufficiently  high  potency,  the  rabbit  may  then  be  bled  from  the  carotid  artery, 
and  the  serum  withdrawn  from  the  clot,  inactivated  by  heating  for  twenty  minutes 
at  54°  C,  and  sealed  in  small  sterile  tubes. 

It  is  best  to  have  a  haemolytic  serum  of  high  potency  in  order  that  the  quantities 
used  for  the  reaction  may  be  as  small  as  possible  This  is  desirable  because  of  the 
fact  that  the  serum  may  contain  small  amounts  of  precipitins  for  sheep's  serum,  due 
to  insufficient  washing  of  the  corpuscles  employed  in  the  immunization.  If  such 
precipitins  should  be  present  in  any  quantity  in  the  serum  used  for  the  reaction, 
precipitates  might  be  formed,  and  these,  as  we  know,  have  a  tendency  to  carry  down 
complement  from  a  mixture. 

For  the  Wassermann  test  most  workers  use  two  haemolytic  units.  A  haemolytic 
unit  is  the  quantity  of  inactivated  immune  serum  which  in  the  presence  of  complement 
suffices  to  cause  complete  haemolysis  of  1  c.c.  of  a  5-per-cent.  emulsion  of  waished 
blood  corpuscles.      This  must  be  accurately  determined. 

For  this  purpose  mixtures  are  made  in  a  series  of  tubes  of  uniform  amounts  of 
complement  and  sheep  cells  with  diminishing  quantities  of  the  inactivated  haemolytic 
serum.  For  the  sake  of  economy  all  titrations  are  set  up  with  one-fourth  the  amount 
of  reagents  used  in  the  Wassermann  test. 

The  smallest  amount  of  the  immune  serum  which  gives  complete  haemolysis  is 
considered  one  unit;  in  the  given  case  this  is  1  c.c.  of  a  1  to  1,200  dilution.     In  the 

»  Noguchi,  Jour.  Exper.  Med.,  1909,  xi,  392. 

<  Bauer,  Semaine  med.,  1908,  xx\nii.,  429. 

*J<tcobaeu9,  Ztschr.  f.  Immunitatsforsch.,  Orig.,  1911,  viii.,  615. 
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Wassermann  test  two  units  are  used;  i.e.,  1  c.c.  of  a  1  to  600  dilution.  It  is  not  neces- 
sary to  titrate  the  amboceptor  each  time  that  it  is  used,  as  ite  strength  remains 
practically  constant  for  a  long  period. 


Tube 
num- 
ber 

Immune 
rabbit 
serum 

1-300      , 

Salt  solu- 
tion 0.9% 

1 

Guinea-pig 
serum   1-10 

! 

1   Sheep  cor- 
puscles 6  % 
suspen.sion 

1 

Hemolysis 

1 

Correspoding  dilution 
for  whole  units 

1 

0.75 

0.25 

0.00 

'       0.25 

None 

Control 

2 

0.75     1 

0.00 

0.25 

0.25 

r< 

Complete 

1-100 

3 

0.25     1 

0.50 

0.25 

0.25 

CO 

Complete   1 

1-300 

4 

0.13     . 

0.62 

0.25 

0.25 

i  Complete 

1-600 

5 

0.09     ! 
1-3000 

0.66 

0.25 

0.25 

Complete 

1                     1 

1-800 

6 

0.75 

0.00 

0.25 

0.25 

o 

Complete   , 

1-1000 

7 

0.63 

1 

0.12 

0.25 

0.25 

i  Complete 
1  Almost 

1-1200 

8 

0.52 

0.23 

0.25 

0.25 

03 

Complete 

1-1400 

9 

0.47 

0.28 

0.25 

0.25 

3 

Partial        i 

1-1600 

10 

0.41 

0.34 

0.25 

0.25 

Very  slight 

1-1800 

11 

0.38 

0.37 

0.25 

0.25 

HH 

1  None 

1-2000O 

12 

0.00 

0.75 

0.25 

0.25 

1  None 

Control 

III.  The  Complement. — The  complement  for  the  Wassermann  reaction  is  used  in 
the  form  of  fresh  guinea-pig  serum.  This  may  be  obtained  in  the  following  way:  A 
guinea-pig  may  be  killed  by  an  incision  in  the  throat  and  the  blood  allowed  to  flow 
into  a  large  Petri  dish  or  centrifuge  tube.  This  is  set  away  in  the  ice  chest  until  the 
clear  serum  has  separated  from  the  clot.  After  twelve  to  twenty-four  hours  the  serum 
is  carefully  removed  with  a  pipette. 

Some  workers  always  use  1  c.c.  of  a  1  to  10  dilution  of  guinea-pig  serum  as  a  unit 
for  the  Wassermann  reaction.  Inasmuch  as  the  amount  of  complement  in  guinea- 
pig  serum  varies  somewhat,  the  sera  from  several  pigs  should  be  mixed  if  this  amount 
is  to  be  used  without  preliminary  titration.  It  is  best,  however,  always  to  titrate  the 
complement  before  use  against  one  imit  of  amboceptor  as  previously  determined. 
This  may  be  done  as  follows: 


Tube 
num- 
ber 


1 
2 
3 
4 
5 
6 
7 


Guinea- 
pig  serum 
1-10 


C.C. 
0.375 

0.3 

0.25 

0.2 

0.125 

0.06 

0.0 


8alt 
solution 


Immune  rab- 1 
bit  serum  I    gj^ 

I  c.c.   »  1  Umt    ^"  „i!l  Kcr 

e.o.  1-1200    P"»cl«8  5  % 
dilution 


HemolysiB 


Corresponding  amounts 

of  1-10  dilution  of 

guinea-pig  serum  for 

whole  units 


C.C. 
0.38 
0.45 
0.5 
0.55 
0.63 
0.7 
0.75 


0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 


0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.^5 


9 

a 


Complete 

Complete 

Complete 

Partial 

Slight 

None 

None 


C.C. 

1.5 
1.2 
1.0 
0.8 
0.5 
0.24 
Control 


In  the  above  case  1  c.c.  of  a  1  to  10  dilution  represents  one  imit,  and  this  quantity  should 
be  used  in  the  test. 

IV.  The  Sheep  Corpuscles. — The  sheep  corpuscles  for  the  actual  reaction  are 
obtained  by  receiving  the  blood  of  a  sheep  in  a  small  flask  containing  a  sterile  solution 
of  a  1  per  cent,  sodium  citrate  and  0. 85-per-cent.  sodium  chloride,  or  into  one  contain- 
ing glass  beads  or  short  pieces  of  glass  tubing.  In  the  former  case,  the  citrate  solution 
prevents  clotting  and  the  corpuscles  may  be  washed  free  from  the  citrate  solution  and 
emulsified  in  salt  solution  before  use  in  the  test.  In  the  latter  case,  it  is  necessary  to 
shake  the  blood  in  the  flask  immediately  after  taking,  and  to  continue  the  shaking 
motion  for  about  ten  minutes.  At  the  end  of  this  time,  the  blood  will  be  defibrinated 
and  the  corpuscles  are  washed  free  from  serum  by  centrifugalization  in  salt  solution. 
A  5-per-cent.  emulsion  of  the  corpuscles  in  salt  solution  is  employed  for  the  test,  made 
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by  measuring  the  bulk  of  centrifugalized  corpuscles  and  adding  nineteen  parts  of 
sterile  salt  solution.  Thorough  washing  of  the  corpuscles  is  essential  to  preclude  the 
occurrence  of  precipitates. 

V.  The  Serum  to  be  Tested  for  Syphilitic  Antibody. — ^The  serum  of  the  patient  upon 
whom  the  test  is  to  be  made  is  best  obtained  in  the  same  way  that  blood  is  obtained 
for  blood  cultures.  After  surgical  precautions  as  to  sterilization,  a  needle  is  plunged 
into  the  median  basilic  vein  and  3  or  4  c.c.  of  blood  are  removed.  Whenever  circum- 
stances do  not  permit  such  procedure,  blood  may  be  obtained  from  the  finger  or  the 
ear,  always  in  sufficient  quantity  to  furnish  at  least  1  c.c.  of  clear  serum.  Before  use 
for  the  test,  the  patient's  serum  must  be  inactivated  by  heating  in  a  water-bath  to 
56**  C.  for  twenty  minutes  to  half  an  hour.  As,  according  to  some  observers,  56*^  C. 
destroys  the  syphilitic  antibody  in  part,  Noguchi  advises  inactivation  at  54*^0. 

The  Test. — In  a  test  tube  of  suitable  size  are  mixed  0.2  c.c.  of  the  suspected  serum, 
previously  inactivated,  1  c.c  of  a  1  to  10  dilution  of  guinea-pig  serum,  or  such  amount 
as  has  been  determined  by  previous  titration  to  be  suitable  and  sufficient  salt  solution 
to  make  the  total  volume  3  c.c.  The  mixture  is  thoroughly  shaken  and  placed  for 
one  hour  in  a  water  bath  or  incubator  at  37.5°  C.  At  the  end  of  this  time  there  are 
added  1  c.c.  of  a  5-per-cent.  suspension  of  sheep  corpuscles  and  1  c.c.  of  amboceptor 
dilution  of  such  strength  as  to  contain  two  haemolytic  units.  The  mixture  is  then 
shaken  and  returned  to  the  water  bath  for  one  hour  at  37.5°  C. 

If  antibody  is  present  in  the  suspected  serum  no  haemolysis  takes  place;  if  it  is 
absent,  haemolysis  is  complete. 

No  test  is  of  use  unless  suitable  controls  are  made.  The  controls  set  up  should  be 
as  follows: 

Control  1. — ^For  each  serum  tested  the  mixture  described  above,  but  omitting 
antigen  and  using  double  the  quantity  of  suspected  serum,  i.e.,  0.4  c.c,  to  preclude 
the  possibility  of  the  fixation  of  complement  by  serum  alone. 

Controls  2  and  3. — ^The  mixture  made  up  as  in  the  test,  but  (2)  with  a  known 
syphilitic  serum,  and  (3)  omitting  antigen  and  using  double  the  quantity  of  syphilitic 
serum. 

Controls  4  and  5. — ^The  mixture  made  as  in  the  test,  but  (4)  with  normal  serum, 
and  (5)  omitting  the  antigen  and  using  double  the  quantity  of  normal  serum. 

Control  6. — Complement  and  twice  the  quantity  of  antigen  used  in  the  test,  but  no 
human  serum,  incubated  for  one  hour  before  the  addition  of  sheep  cells  and  ambo- 
ceptor, in  order  to  preclude  the  possibility  of  the  antigen  itself  fixing  the  complement. 
Control  7. — Complement  and  salt  solution  alone,  incubated  for  an  hour  before  the 
addition  of  sheep  cells  and  amboceptor,  in  order  to  show  that  the  hsemolytic  system  is 
in  working  order. 

It  is  convenient  to  set  up  the  tubes  in  two  rows  in  a  rack,  those  in  the  front  row 
containing  antigen,  those  in  the  back  row  containing  the  same  mixtures  without 
antigen. 

In  a  positive  test,  the  test  itself  and  Control  2  alone  should  show  inhibition  of 
liemolysis.  All  the  other  tubes  should  show  complete  solution  of  the  haemoglobin. 
Noguchi^ s  Modification.^ — Noguchi  has  modified  the  original  Wassermann  technique 
in  several  particulars.  Inasmuch  as  the  inactivation  of  syphilitic  sera  weakens  to 
some  extent  their  complement-binding  properties,  he  uses  the  sera  in  an  active  state. 
To  avoid  the  possibility  of  obtaining  negative  reactions  in  syphilitic  sera  because  of  the 
presence  of  natural  sheep  amboceptor  in  human  sera,  he  employs  human  corpuscles 
and  the  sera  of  rabbits  immunized  against  them.  He  also  uses  small  amounts  of 
reagents  and  the  antigen  and  amboceptor  in  a  dry  state.  Pieces  of  filter  paper  are 
soaked  with  these  reagents  and  allowed  to  dry.  After  drying  the  strength  of  antigen 
and  amboceptor  are  determined  by  titration,  using  small  measured  pieces  of  filter 
paper  of  diflferent  sizes.  These  reagents  may,  however,  be  used  in  the  liquid  form,  as 
in  the  Wassermann  technique,  if  desired. 

Luetin  Test 

From  cultures  of  Treponema  pallidum  Noguchi  prepared  an  emulsion  of  the  killed 
organisms  which  he  called  luetin.*     By  the  use  of  this  an  important  allergic  test  for 

^  Noffttchi,  Jour.  Exper.  Med.,  1909,  xi.,  392;  Serum  Diagnosis  of  S3i>hilis,  3d  edition,  1912. 
*  Noguchi,  Jour.  Exper.  Med.,  1911,  xiv.,  557;  Jour.  Amer.  Med.  Assn.,  1913,  Iviii.,  1163. 
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syphilis  is  possible,  which  has  proved  to  be  of  practical  value  in  diagnosis,  as  it  incites 
specific  reactions  in  the  skin  of  iDfect«d  iadividuals  even  when  the  Wassermann  test  u 
negative. 

Rbinoscleroma. 
This  dise&se,  which  occurs  especially  in  eastern  Europe  and  occasionally  in  other 
parts  of  the  world,  is  s  chronic  Inflammation  of  the  nasal,  pharyngeal,  and  laryngeal 
mucous  membrane.  In  this  inflammation  a  dilTuse  or  nodular  formation  of  new 
tissue  somewhat  resembling  granulation  tissue,  occurs,  which  tends  to  assume  a  dense 
cicatricial  character.     (Fig.  163.) 

A  bacillus  called  Bacillus  rhinoaclfromatis  is  often  found  in  the  lesion.  In  most  of 
its  morphological  and  biological  characters  it  closely  resembles  the  pneuniobacillus  of 
Friedlander  (B.  mucosua  capsu- 
latus).  growing  readily  on  the 
common  culture  media  and  de- 
veloping a  capsule,  and  it  may 
be  identical  with  it.  The  rela- 
tionship of  this  bacillus  to  the 
'  lesions  of  rhinoscteroma  docs 
not  appear  to  be  as  yet  defi- 


md  animals  have  not  given  positive 


nitely  established,  since  inoculations  I 
resulta. ' 

DIPHTHERIA. 

Diphtheria  is  an  acute  infectious  disease  incited  by  the  BadUu$ 
diphtherial  (Loffler),  and  usually  characterized  by  a  pseudo-membranous 
inflammation  on  some  of  the  mucous  membranes  or  occasionally  on 
the  surface  of  wounds,  and  by  immediate  or  remote  effects  of  absorbed 
toxic  substances.  The  mucous  membranes  which  are  the  most  fre- 
quently affected  in  diphtheria  are  those  of  the  tonsils,  pharynx,  soft 
palate,  nares,  larynx,  and  trachea;  less  frequently  those  of  the  mouth, 
gums,  conjunctiva,  oesophagus,  and  stomach. 

Morphology  op  the  Lesions. 
The  local  lesions  in  mucous  membranes  may  present  various  phases. 
Thus  there  may  be  a  simple  redness  of  the  affected  surfaces  which  leaves 
no  trace  after  death.     On  the  other  hand,  in  the  more  marked  forms  of 

>  S«e  Baba,  KoJle  and  Wa^Mrraann,  Haadbucb,  1913.  2d  editioD.  v.,  1237. 
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the  lesion  there  may  be  a  fibrinous  exudate  which  infiltrates  the  mucous 
membrane,  or,  intermingled  with  pus  cells,  epithelial  cells,  red  blood  cells, 
bacteria,  and  granular  material,  forms  a  thick  or  thin  pelJicie  on  the  affect- 
ed surfaces  (see  Fig.  123,  p.  213).     This  pellicle  may  undergo  coagulation 
necrosis  (Fig.  164),  and  with  this  there  may  be  superficial  or  deep  necrosis 
of  the  mucous  membrane.     The  false  membrane  in  diphtheria  is  thus 
formed  by  a  combination  of  inflammatory  products  and  necrotic  tissue, 
the  extent  of  the  necrosis  and  the  amount  of  inflammatory  products 
varying  in  different  cases.     The  membrane  may  disintegrate  or  exfoliate, 
with  or  without  loss  of  tissue  in  the  underlying  mucous  membrane. 
Phlegmon,  abscess,  and  cedema  are  liable  to  occur  as  local  complications. 
Adjacent  and  distant  lymph-nodes  are  apt  to  be  swollen,  and  often 
show,  on  microscopical  examination,  endothelial-ceU  hyperplasia  with 
small  foci  of  cell  necrosis  and  disintegration.'     Similar  foci  of  cell  hyper- 
plasia with  necrosis  with  small  spheroidal-celt  accumulation  and  fatty 
degeneration  may  be 
found  in  the  kidney, 
spleen,  and  liver.    Al- ' 
buminous    degenera- 
tion in  the  kidney  and  ' 
acute     nephritis    are 
not       infrequent. 
Small      luemorrhagic 
foci  may    be  present 
in  the  liver  and  kid- 
neys.     Degeneration 
of  the  heart    muscle 
may  occur.'     The  ex- 
act    nature     of    the 
nerve    lesions    which 

may      be      associated  Fm.  lSS.-DiPHTHEBinc  Inflammation  or  the  Tonsil, 

with     the     late   paral-  """*  "°     »c    i  m       a  paeu  o-mem  ran*. 

yses  of  diphtheria  is  not  yet  clear,  but  degeneration  of  the  peripheral 
nerves  and  chromatolysis  of  the  ganglion  cells  occur,  indicating  the  ac- 
tion of  an  absorbed  toxic  substance  in  the  body  fluids.  Leucocytoais 
may  be  present. 

Catarrhal  bronchitis  and  broncho-pneumonia  or  simple  lobular  pneu- 
monia frequently  complicate  diphtheritic  lesions  of  the  upper  air  pass- 
ages and  fauces. 

Bacteriology  of  the  Disease. 

Although  bacteria  of  various  forms  are  commonly  present  in  the 
false  membrane,  and  some  of  them  penetrate  deeply  into  the  underlying 

1  Consult  (FaacUetnUcAVirch.  Arch.,  Bd.  cYix.,  p.   137.   1900. 

>  For  Btudtn  of  tlie  l«aioiu  of  Ihe  myourdium  in  diphtheria  conaiilt  Scaelioti.  Viroh.  Arch.,  Bd. 
alri.,  p.  lis.  1896;  also  rAomo.  Md  tfiMjrd,  Reporta  of  Boston  City  Honp.,  1900,  p  204,  bibl:  for  a 

ind  B«eL,  voL  vL,  p.  435,  l»W.  For  a  oompreheiuive  study  of  Ibe  i>scteriolagy  and  patholoty  of 
two  bundrrd  and  twenty  fatal  cases  of  diphUwria  see  Councilman,  Mallaru,  and  Pearct,  Jour.  Boatou 
Soe.  Med.  Sci..  voL  t.,  p.  139,  1»00. 
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tissue,  the  primary  and  specific  excitant  of  this  disease  is  the  Bacillus 
diphtherise  of  Loffler. 

la  man  the  diphtheria  bacilli  are  largely  confined  to  the  seat  of  local 
lesion,  and  sometimes  occur  here  in  enormous  numbers,  especially  in 
the  older  layers  of  the  pseudo-membrane  (see  Fig.  165).  But  they  may 
become  widely  distributed  through  the  body.  This  appears  to  be  espe- 
cially the  case  when  the  pyogenic  cocci  are  associated  with  the  diphtheria 
bacillus  at  the  seat  of  local  lesion.  The  systemic  effects  in  diphtheria 
appear  to  be  largely  due  to  the  absorption  into  the  body  of  toxic  material 
elaborated  locally  by  the  germs,  Septicsemia  or  acute  visceral  inflam- 
mations, particularly  of  the  kidney,  may  occur  without  evidence  of  an 
external  local  lesion  or  of  the  portal  of  entry  of  the  bacillus.^ 

CONCUHEENT    INFECTIONS. 

The  very  frequent  association  of  the  pyogenic  cocci  and  other  bacteria 
with  the  diphtheria  bacillus  gives  rise  to  a  series  of  changes  which  make 
the  clinical  picture  and  the  lesions  of  diphtheria  sometimes  very  com- 
plex. Thus  the  complicating  bronchitis  and  broncho-pneumonia,  as 
well  as  pyemic  s3'mptoms  and  lesions,  may  be  due  to  the  diphtheria 
bacillus  alone.  But  these  secondary  lesions  may  be  due  to  the  presence 
in  the  pseudo-membrane,  and  the  entrance  into  the  deeper  air  passages 
and  the  blood,  of  Streptococcus  pyogenes.  Staphylococcus  pyogenes, 
Diplococcus  lanceolatus,  Bacillus  coli  communis,  and  other  hacteria, 
or  of  these  together  with  the  diphtheria  bacillus.* 

CbaracterB  of  the  •Diphtheria  Bacillus. 
This  organism,  first  described  and  definitely  associated  with  this  disease  by  Ljiffler, 
is  a  slender  rod,  in  general  about  3  ;i  long,  but  sometimes  shorter  and  sooietiroes  grow- 
ing into  threads.  It  occasionally  grows  in 
branching  forms,'  and  is  characterized  mor- 
phologically by  marked  irregularities  in  its  form 
(Fig.  166).  While  the  typical  form  ia  that 
of  a  round-ended,  straight,  or  slightly  curved 
bSiCillus,  it  is  very  apt — perhaps  as  a  result 
of  degeneration — to  appear  club-shaped  or 
pointed  at  the  ends,  irregularly  segmented, 
and  to  develop  at  the  ends  or  elsewhere  a 
strongly  retractile  material  which  stains  more 
deeply  than  the  rest  of  the  protoplasm. 

The    diphtheria    bacillus     is    immobile, 

osporogenous,    grows   best  at  blood  heat,  and 

thrives  on  most  of  the  artificial  culture  media. 

In  fluids  it  may  be  killed  by  an  exposure  of 

F,o  luo— B   DiPHiHEBi*  ^^^  "ninu*^  to  a  temperature  of  58°  C;  or  of 

X  1000.  one  minute  to  boiling,  but  it  may  remain  alive 

'For  a  riaumi  nod  bibliography  of  studies  relatiDg  to  diphtheritic  septimmia  sea  Brvun  ud 
TMru,  Gaiette  des  Hflpitnus,  May  2d,  4th,  aad  8th,  1890. 

1  For  H  study  of  ths  pmesce  anil  Hction  of  the  diphtheria  bacilli  in  Iha  lungs  ne  FleatBr  mi 
Andiron.  Johns  Hopkins  Hosp,  Bull.,  vol.  ir.,  p.  72.  I8B8. 

For  a  ■ummaiy  of  the  association  of  diphtheria  and  tubcrcukwis  see  Councilman,  MaUery,  and 

■  The  bninchuie  forms  which  are  occasionally  observed  in  the  diphtheria  as  well  na  io  the  tubnrli 
bacillus  together  with  certaiii  other  chnractere,  have  led  some  observed  to  (be  belief  that  these  ai(U- 
iams  are  related  to  atreptothrii  and  to  the  moulds  rather  than  to  the  bacteria.  But,  tor  the  preaent 
at  least,  it  seems  wiser  to  consider  them  in  their  more  generally  acknowledced  nialionships. 
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for  weeks,  or  even  months,  in  fragments  of  dried  membrane.      It  may  be  stained 
with  Ldffler's  alkaline  methylene-blue  solution  or  by  Gram's  method. 

It  is  subject  to  extreme  variations  in  virulence,  forms  occurring  which  with  all  the 
usual  cultural  characteristics  are  not  at  all  virulent. ' 

Action  of  the  Bacillus  in  Animals. 

Inoculations  of  virulent  cultures  subcutaneously  in  guinea-pigs  are  followed  by  a 
localized  hemorrhagic  oedema  with  a  variable  amoimt  of  whitish  exudate.  Death 
usually  occurs  in  from  two  to  five  days.  In  addition  to  the  local  lesions  there  may  be 
— but  this  is  not  constant — swelling  of  the  adjacent  and  of  the  abdominal  lymph-nodes, 
serous  effusions  into  the  pericardial,  pleural,  and  peritoneal  sacs:  swollen  spleen, 
albuminous  and  fatty  degeneration  in  the  liver,  kidney,  and  heart  muscles;  congestion 
and  sometimes  hsemorrhage  of  the  suprarenals.  Microscopical  examination  shows, 
in  a  considerable  proportion  of  cases,  fragmentation  of  nuclei  and  other  evidences  of 
cell  death  at  the  seat  of  inoculation  and  in  the  viscera,  as  well  as  chromatolysis  of  gan- 
glion cells  in  the  anterior  horn.  Animals  which  survive  the  inoculations  may  later 
develop  paralysis,  and  a  similar  result  may  follow  the  injection  into  rabbits  of  culture 
fluids.  The  bacilli  do  not  usually  gain  access  to  the  body  at  large,  but  may  be  found 
at  the  seat  of  inoculations.  Inoculation  into  the  mucous  membranes  of  rabbits, 
pigeons,  and  certain  other  animals  may  result  in  the  development  of  a  pseudo-mem- 
brane somewhat  resembling  that  of  the  disease  in  man. 

Diphtheria  Toxin  and  Antitoxin  and  Diagnosis. 

In  its  growth  under  artificial  culture  some  strains  of  the  diphtheria  bacillus  de- 
velop and  set  free  in  the  culture  media  toxic  substances  whose  chemical  composition 
is  as  yet  unknown.  It  is  this  toxic  material  which  is  used  in  the  production  of  diph- 
theria antitoxin  (see  p.  164). 

CoMMUNiCABiLiTY. — While  the  possibility  of  the  transmission  of  the  diphtheria 
bacillus  by  domestic  animals  to  man  cannot  be  doubted,  the  usual  source  of  infective 
material  is  the  exudates  of  victims  of  the  disease,  or  virulent  bacilli  from  the  mouths 
of  healthy  persons  to  those  disposed  to  the  infection.  This  conveyance  may  take 
place  directly  by  contact,  or  by  coughing  and  sneezing,  or  through  contaminated 
clothing,  bedding,  or  various  utensils,  or  through  "carriers/"  The  susceptibility  to 
diphtheria  is  greatest  in  the  young. 

It  is  important  from  the  prophylactic  standpoint  to  remember  that  the  Bacillus 
diphtheriie  may  remain  alive  in  the  mouth  of  the  human  subject  for  many  weeks  after 
recovery  from  the  local  lesions  of  the  disease,  and  also  that  healthy  persons  when  the 
disease  is  prevalent  may  harbor  the  virulent  bacilli  in  their  mouths. 

Other  Bacteria  of  the  Diphtheria -Bacillus  Group. 

While  the  diphtheria  bacillus  varies  greatly  in  the  physiological  capacities  which 
determine  its  virulence,  its  general  morphological  and  cultural  characteristics  are 
fairly  constant.  There  are,  however,  non- virulent  bacilli  occurring  on  mucous  mem- 
branes under  normal  as  well  as  abnormal  conditions  which  considerably  resemble 
this,  but  which  differ  somewhat  in  both  morphological  and  biological  characters  from 
the  true  diphtheria  bacillus  and  its  variants.  Such  organisms  have  been  called  pseudo- 
diphUieria  bacilli  (Bacillus  Hoffmani).  These  non- virulent  forms  may  be  regarded  as 
attenuated  varieties  of  the  diphtheria  bacillus.' 

The  so-called  Xerosis  bacilluSf  which  has  been  repeatedly  found  in  xerosis  con- 
junctive, is  apparently  a  member  of  the  diphtheria-bacillus  group.  ^ 

>  For  a  study^of  varieties  of  the  B.  diphtheris,  see  Williama,  Jour.  Med.,  Res.,  1902,  N.  S.  iii.,  83;  and 
Kolmer,  Jour.  Infect.  Difl.,  1912,  xi.,  56.  see  also  for  full  summary  of  studies  on  the  diphtheria  bacillus 
and  its  toxins,  NeUser  and  Qina,  Kolle  u.  Wasserman,  Handbuch,  2d  edition,  1913,  v.,  931. 

>  For  a  study  of  diphtheria  carriers,  see  Fo^e,  Arch.  Int.  Med.,  1911,  vii.,  16;  and  Chapin,  Sources  and 
Modes  of  Infection,  2d  edition,  1912. 

*  For  a  study  of  virulent  "  pseudo-diphtheria"  bacilli  see  Hamilton  and  Horton,  Jour.  Inf.  Dis.,  vol. 
iiL.  p.  128.  1906. 

*  Oraham'Smith^  Jour,  of  Hygiene,  vol.  iv.,  p.  306,  1904. 
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TETAiraS.     (Lockjaw.) 

This  disease,  which  is  especially  marked  clinically  by  muscular 
spasm,  is  due  to  infection  by  the  Bacillus  tetani.  This  organism  is  rather 
widespread  and  in  some  places  very  abundant,  occurring  with  other 
germs  in  the  soil,  especially  in  manured  soil,  and  gaining  entrance  to 
the  body  through  wounds,  which  are  often  very  slight.  The  soil  in 
certain  regions  appears  to  harbor  in  especial  abundance  the  tetanus 
organism  or  its  spores.  Thus  in  certain  districts  on  Long  Island  and  in 
New  Jersey  slight  injuries  are  frequently  followed  by  tetanus.  The 
liability  to  infection  from  the  spores  is  greatly  enhanced  by  their  associa- 
tion with  other  organisms  or  with  dirt,  splinters,  etc.,  in  the  wound. 

The  Lesions  of  the  Disease. 

The  local  lesion  in  tetanus  is  usually  slight  and  not  characteristic, 
often  consisting  only  in  a  slight  suppuration. 

The  morphology  of  the  lesions  of  the  nervous  system  to  the  existence 
of  which  the  symptoms  of  tetanus  so  directly  point  is  yet  obscure.  Over- 
filling of  the  blood-vessels,  cellular  exudate  into  the  perivascular  spaces, 
chromatolysis  of  the  ganglion  cells  of  the  spinal  cord  are  common.  The 
bacillus  remains  for  the  most  part  at  the  seat  of  local  lesion  and  induces 
its  effects  by  the  elaboration  of  most  intense  poisons  or  toxins,  called 
tetano'toxins.  The  action  of  this  toxic  substance  appears  sometimes  to 
continue  in  the  body  after  the  death  of  the  organisms  which  have  elab- 
orated it.  This  infectious  disease  affords  a  most  typical  example  of 
toxsemia. 

Characters  of  the  Bacillus  Tetani. 

It  is  2  to  5  /£  long,  slender,  and  motile,  often  growing  in  pairs  or  threads  and  prone 
to  develop  a  spore  in  one  end  (Fig.  167),  in  which  condition  the  bacillus  is  larger  at 
this  end,  being  club-  or  racket-shaped.  It  is  readily  stained.  At  the  room  tempera- 
ture it  grows  on  artificial  culture  media,  and  is  strictly  ana^obic,  flourishing  in  an 

atmosphere  of  hydrogen,  but  may  be  artificially  adapted 

to  other  conditions. 

The  spores  of  the  tetanus  bacillus  are  very  resistant 

to  drying,  to  heat,  and  to  various  chemical  disinfectants. 
Characteristic  tetanic  symptoms  followed  by  death 

may  be  induced  in  mice,  guinea-pigs,  and  rabbits  by 

subcutaneous  inoculation  of  cultures.      Man  and  the 

Fio.  167. — Bacillus  Tetani.       horse  are  markedly  susceptible  to  tetanus;  birds  are  as  a 

From  a  culture;  showing  club-       rule  insusceptible.     If  the  tetanus  bacillus  be  grown  in 

shaped  ends  with  spores.  nutrient  broth  at  blood  heat  out  of  contact  with  oxygen 

the  toxin  is  developed  and  mingles  with  the  fluid.     This 

toxin  when  freed  from  li\ing  germs  is  capable  of  induc- 
ing the  symptoms  of  the  disease.  Broth  cultures  may,  after  some  weeks,  have 
acquired  such  an  extreme  intensity  that  the  dried  poisonous  material,  separated 
from  the  inert  fluids  and  partially  purified,  may  be  fatal  to  a  mouse  weighing  15  gm. 
in  a  dose  of  0.00000005  gm.  Estimating  according  to  the  relative  weights  of  the 
subjects,  the  minimal  fatal  human  dose  would  be  about  0.00023  gm.  This  toxin  is 
rendered  inert  by  a  temperature  above  65°  C.  and  by  light. 
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Tetanus  Antitoxin. 

By  procedures  similar  to  those  described  in  diphtheria  immunization 
(p.  164),  the  tetanus  toxin  has  been  used  to  secure  artificial  immunity 
in  dogs,  goats,  and  horses,  and  here  also  the  blood  serum  of  the  immu- 
nized animals  has  been  prepared  and  employed  in  man  for  therapeutic 
purposes  with  some  degree  of  success.^ 

The  tetanus  toxin  induces  its  effects  in  the  body  chiefly  by  its  action 
on  the  central  nervous  system.  It  has  been  shown  to  reach  the  nerve 
centres  from  the  seat  of  growth  of  the  bacillus,  by  way  of  the  axis  cylin- 
ders of  the  motor  nerves.  The  tetanus  antitoxin,  on  the  other  hand, 
which  may  be  injected  for  protective  purposes,  is  not  taken  up  by  the 
nerves,  but  passes  into  the  blood-  and  lymph-vessels  and  tissue  fluids. 
The  power  of  the  antitoxin  to  neutralize  toxin  is  apparently  limited  to 
that  portion  of  the  latter  which  has  not  been  absorbed  by  the  nerves, 
but  is  still  free  either  at  the  seat  of  production  or  in  the  blood  or  lymph. 

The  theoretical  promise  of  the  tetanus  antitoxin  for  therapeutic 
purposes  in  man  is  thus  in  practice  rendered  in  a  large  measure  futile, 
because  the  existence  of  the  disease  is  not  recognizable  until  the  tox- 
aemia is  suflSciently  marked  to  produce  the  nervous  symptoms,  at  which 
time,  union  of  the  toxin  with  the  nerve  tissues  having  been  effected, 
the  usefulness  of  the  antitoxin  is  limited  to  the  neutralization  of  the 
unabsorbed  toxin.  Statistics  are  as  yet  too  meagre  to  justify  a  final 
opinion  as  to  the  practical  value  of  tetanus  serum  therapy,  but  it  appears 
to  be  definitely  useful,  especially  when  applied  directly  to  the  nerve 
tissues. 

Diagnosis. 

For  purposes  of  diagnosis  it  may  be  necessary  to  inoculate  a  white  mouse  at  the 
base  of  the  tail  with  suspicious  material  at  the  same  time  that  morphological  examina- 
tion and  ana^obic  cultures  are  made.  Should  tetanus  develop  in  the  mouse  within 
a  few  days,  control  cultures  may  be  made  from  the  exudate  at  the  seat  of  inoculation.' 

Other  Bacilli  of  the  Tetanus  Group. 

Several  bacterial  species  are  already  known  which  may  be  classed  in  the  tetanus 
group.  While  varying  in  size,  these  bacilli  are  in  general  rather  large;  spores  form  in 
their  thickened  ends;  they  are  facultative  anaerobes;  some  do,  others  do  not  fluidify 
^latin;  and  they  retain  the  stain  by  Gram's  method.  They  are  mostly  saprophytes 
and  have  been  found  in  milk  and  milk  products,  in  excrement  and  sewage,  etc.  None 
is  known  to  be  pathogenic  in  man.  The  most  noteworthy  among  these  is  Bacillus 
pseudo-UtanicuSt  Sanfelice,  which  in  morphology  and  growth  characters  resembles  the 
Bacillus  tetani,  but  does  not  form  the  toxin. 

Malta  Fever. 

This  disease,  which  has  been  most  frequently  observed  along  the  shores  of  the 
Mediterranean  and  in  India,  and  occurs  in  South  America  and  the  West  Indies  is 
characterized  by  prolonged  pyrexia  with  irregular  remissions.     In  the  rather  rare 

>  For  a  critical  ritunU  of  tetanus  and  its  treatment  with  the  antitoxic  serum,  with  bibliography, 
•ee  Moaehcotntz,  Ann.  of  Su^K .  vol.  xxxii.,  p.  219,  1900. 

*  For  rHumi  of  characters  of  the  tetanus  bacillus  and  its  toxin  see  von  Lingelsheim,  Kolle  and 
Waosennann's  "Handbuch  der  Mikroorganismen,"  Bd.  ii.,  p.  566. 
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fatal  cases  there  may  be  considerable  enlargement  of  the  spleen,  albuminous  degenera- 
tion in  the  liver  and  kidneys.     Acute  nephritis  may  occur. 

It  is  said  that  there  are  constantly  present  in  the  spleen  in  this  disease  smaU 
bacilli  so  short  as  to  have  been  mistaken  for  cocci,  stained  by  Gram,  readily  cultivated 
on  artificial  media.  The  result  of  inoculations  of  pure  culture  into  monkeys  and 
other  animals  tends  to  confirm  the  pathogenic  significance  of  the  organism,  which  has 
been  called  Micrococcus  melitensis.^ 

BUBONIC  PLAGUE.     (Oriental  Plague ;  Black  Death.) 

Types  of  the  Disease. — This  disease  presents  three  main  types — the 
bubonic,  pulmonary,  and  septicaemic. 

The  most  common  is  the  bubonic^  which  is  characterized  by  an  intense 
inflammatory  hyperplasia  of  the  lymph-nodes,  most  frequently  the 
inguinal  or  axillary.  The  surrounding  tissue  may  be  involved; haem- 
orrhage, necrosis,  or  suppuration  in  the  nodes  may  occur.  Coincident 
with  these  local  reactions  there  may  be  albuminous  degeneration,  focal 
necrosis,  and  leucocytosis  from  toxaemia,  or  secondary  foci  of  inflamma- 
tion in  the  spleen  or  lungs  or  liver.  A  second  type  of  the  infection  is  the 
pulmonary,  in  which  larger  or  smaller  areas  of  the  lungs  are  involved  in 
broncho-pneumonia  with  associated  secondary  involvement  of  the 
bronchial  lymph-nodes.  In  the  septiccemic  type  of  bubonic  plague 
there  may  be  a  general  involvement  of  the  lymph-nodes  and  -nodules  of 
the  body  with  the  marks  of  toxaemia,  without  an  indication  of  the  point 
of  primary  infection.^ 

In  all  these  various  phases  of  the  disease  the  plague  bacillus  may  be 
present  often  in  enormous  numbers  in  the  primary  buboes  and  in  the 
secondary  lesions  and  in  the  viscera;  in  the  consolidated  areas  and  in 
the  sputum  in  the  pulmonary  type,  and  in  the  septicaemic  phases  in 
the  blood. 

Characters  of  the  Plague  Bacillus. 

The  plague  bacillus  was  discovered  in  1894  by  Kitasato  and  Yersin,  and  its  r61e  as 
the  excitant  of  the  disease  was  soon  established.  It  is  a  short,  thick,  motile,  round- 
ended  bacillus,  often  staining  more  deeply  at  the  ends  than  in  the  middle.  It  some- 
times grows  in  chains  and  may  be  capsulated,  not  forming  spores;  it  is  decolorized  by 
Gram's  method.  It  grows  readily  though  not  voluminously  on  the  ordinary  culture 
media  at  blood  heat.'  This  organism  is  killed  by  drying  for  a  few  days  and  by  expos- 
ure to  sunlight  for  a  few  hours.  Subcutaneous  inoculations  in  guinea-pigs  and 
rabbits  is  followed  by  local  haemorrhagic  and  serous  inflammation  with  typical  involve- 
ment of  the  regional  lymph-nodes  and  by  septicsemia.  Death  may  follow  in  from  one 
to  five  or  six  days,  with  albuminous  degeneration  of  the  viscera,  hyperplasia  of  the 
spleen,  and  petechial  hsemorrhages. 

Portals  of  Entry. — The  chief  portals  of  entry  in  man  are  abrasions 
or  wounds  of  the  skin,  the  lungs,  and  the  intestines.  The  spread  of  the 
infectious  material  in  overcrowded  and  unsanitary  districts  may  readily 
take  place  by  rats,  which  are  very  susceptible  to  the  disease  and  may 

*  Consult  Bin  and  Lamb,  Lancet,  1899,  ii.,  p.  701,  bibl. 

»  For  a  risumi  of  lesions  of  plague  see  Flexner,  Trans.  Assn.  Am.  Phi's.,  vol.  xvi.,  p.  481,  1901. 
'See  article  by  Dieudonni  and  OUo,  in  Kolle  and  Wassermann's  "Handbuch   der  MikroorKaO" 
ismen,"    2d  edition,  Bd.  iv.,  p.  155. 
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be  infected  by  feeding.^  Through  mosquitoes  and  flies  also  the  bacilli 
may  be  conveyed  from  man  to  man  or  from  dead  rats  or  their  dejecta 
to  man.^ 

Preventive  Inoculation  has  been  largely  practised  in  the  East  by  the 
Hafifkine  method.  This  consists  in  the  subcutaneous  injection  of  beef- 
tea  cultures  of  the  plague  bacillus,  which  have  been  killed  by  heating. 
Moderate  local  inflammatory  reaction  and  slight  fever  may  follow  the 
injection.  The  statistics  seem  to  indicate  that  among  exposed  persons 
the  mortality  may  be  considerably  reduced  by  this  preventive  inocula- 
tion.' 

An  anti-plague  serum,  prepared  by  the  immunization  of  horses,  has 
been  used  by  Yersin  with  at  least  promising  results.* 

HiBMORRHAGIC  SEPTICEMIA. 

Many  of  the  lower  animals  are  victims  of  acute  infections,  septicemic  in  character, 
often  with  petechial  hemorrhages  in  the  viscera  and  serous  membranes  and  marked 
intestinal  disturbances.     These  are  called  ''hemorrhagic  septicemias.'' 

Associated  with  these  and  doubtless  their  inciting  agents  are  several  bacilli  which 
may  be  classed,  as  is  done  by  Hueppe,  Kruse,  and  others,  with  the  plague  bacillus 
under  the  designation,  the  fuBmorrhagic  septiccemia  group.  These  are  mostly  small, 
short,  sporeless  forms  growing  readily  on  the  ordinary  media  as  facultative  ana^obes, 
not  fluidifying  gelatin  and  decolorizing  by  Gram.  Some  of  these  are  motile,  others 
not.  Among  these  may  be  mentioned  the  bacillus  of  mouse  typhus  ( B.  typhi  murium), 
the  bacillus  of  chicken  cholera  (B.  cholere  gallinarum),  the  bacillus  of  swine  plague 
(B.  suisepticus).  Several  species  related  to  these  and  to  the  plague  bacillus  are 
pathogenic  in  man;  thus  the  B.  ?icemorrhagicu8  septicus  of  Babes,  the  B.  hcemorrhagicua 
of  Kolb,  the  B.  htBrnorrhagicua  velenosxis  of  Tizzoni  and  Giovanni. 

The  recognition  of  these  and  related  species  may  be  of  especial  significance  in  con- 
nection with  the  diagnosis  of  bubonic  plague  by  cultures  and  animal  inoculations.* 

Bacillus  Aerogenes  Capsulatus  (Bacillus  Welchii,  Gas 

Bacillus). 

This  bacillus  was  described  in  1891-92  by  Welch  and  Nuttall.  Later 
studies  of  Welch  and  Flexner  and  many  others  have  confirmed  the  orig- 
inal belief  that  the  bacillus  is  a  frequent  excitant  in  man  of  a  serious 
infectious  disease,  characterized  by  a  local  widespread  serous  and 
emphysematous  phlegmonous  inflammation,  frequently  associated  with 
gangrene  and  general  symptoms  of  a  profound  toxaemia. 

The  Bacillus  aerogenes  is  rather  large,  on  certain  media  spore-form- 
ing, is  often  encapsulated,  and  occasionally  forms  chains.  It  retains  the 
stain  by  Gram's  method.  It  is  anaerobic,  growing  readily  in  a  variety 
of  artificial  culture  media. 

Rabbits  are  not  susceptible  to  even  large  intravenous  injections  of 

>  The  KTOimd  squiireb  along  the  Pacific  Coast  are  widely  infected  with  plague  bacilli  and  are  a 
menaoe  to  that  region,  see  Pub.  Health  Repts.,  U.  S.  Mar.  Hosp.,  xxv.,  27,  1910. 

'  On  insects  as  plague-carriers  see  Herzoo*  Am.  Jour.  Med.  Sci.,  vol.  cxxix.,  p.  504,  1905. 

*For  summary  of  result  of  the  Haffkine  method  see  Forsyth^  Lancet,  vol.  ii.,  p.  1646,  1903;  also 
Sla^hter,  Johns  Hopkins  Hosp.  Bull.,  voL  xiv.,  1903,  p.  307. 

*  Critical  summary  and  bibl.,  Netier,  Arch,  de  m6d.  exp.,  t.  xii.,  p.  86,  1900. 

*For  studies  on  various  forms  of  luemorrhagic  infection  see  Babes^  Verh.  d.  deutschen  path. 
GeseUsch.,  Bd.  iL,  p.  262. 1900;  also  Hu<yra.  Kolle  and  Wassermann's  "Handbuch  der  Mikroorgan- 
iemeo*"  2d  edition,  1913,  vi.,  p.  64. 
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pure  cultures.  But  if  they  be  killed  soon  after  such  inoculation,  within 
a  few  hours,  at  room  temperatures,  an  abundant  development  of  gas 
occurs  throughout  the  body.  On  the  other  hand,  the  subcutaneous 
injection  of  a  very  small  quantity  of  the  fresh  oedematous  exudate  is 
followed  by  the  typical  local  and  general  marks  of  infection.  Guinea- 
pigs  are  more  susceptible  than  rabbits  to  inoculation,  either  with  cultures 
or  fresh  material,  and  develop  characteristic  lesions. 

While  infection  may  occur  without  gas,  in  most  cases  before  death 
and  especially  after,  there  is  an  abundant  formation  of  gas  in  the  tissues. 
This  is  largely  hydrogen  formed  through  the  splitting  by  the  bacUlus 
of  either  sugar  or  proteins.  While  the  gas  may  be  present  in  any  of 
the  tissues,  in  the  body  cavities,  and  in  the  blood-vessels,  it  is  especially 
in  the  liver  after  death  that  the  marks  of  gas  accumulation  are  most 
striking.  This  organ  may  be  riddled  with  small  holes,  presenting  an 
appearance  which  has  been  characterized  as  "foamy  liver"  (Fig.  485, 
p.  738). 

Infection  may  occur  through  wounds  or  injuries  in  any  part  of  the 
body.  It  has  been  frequently  observed  in  pregnant  and  puerperal 
women.  ^  Ulcers  of  the  stomach  and  intestine  or  of  the  urinary  traxit 
may  be  portals  of  entry.  One  of  the  more  common  forms  of  local 
infection  is  the  so-called  gaseous  phlegmon  or  emphysematous  gangrene. 
Pulmonary  and  pleural  lesions,  appendicitis,  and  peritonitis  are  described, 
as  well  as  gaseous  abscesses  and  purulent  meningitis.  While  the  usual 
action  upon  the  tissues  is  the  induction  of  bloody  oedema  and  necrosis, 
this  bacillus  is  also  occasionally  pyogenic. 

The  natural  habitats  of  the  organism  are  the  soil  and  the  intestinal 
canal.  This  accounts  for  the  relative  frequency  of  infection  through  the 
intestinal  and  genito-urinary  tracts  and  through  wounds  contaminated 
with  dirt. 

Infection,  especially  from  the  intestinal  canal,  may  apparently  occur 
during  the  later  hours  of  life,  with  or  without  symptoms  and  with  a 
post-mortem  formation  of  gas.  It  is  often  diflScult  to  determine,  since 
gas  formation  occurs  so  early  and  so  extensively  after  death,  whether  the 
entrance  has  or  has  not  been  effected  during  life.  It  seems  fair  to  infer, 
as  the  result  of  animal  experiments,  that  when  the  gas  formation,  even 
after  death,  is  widespread,  ante-mortem  infection  has  occurred. 

Concurrent  infection  with  other  organisms,  especially  the  pyogenic 
cocci,  is  frequent. 

Welch  and  Nuttall  early  called  attention  to  the  importance  of  recog- 
nizing the  possibility  of  infection  with  this  bacillus  in  judging  of  a  cer- 
tain class  of  cases  of  alleged  air  embolism. 

It  is  probable  that  the  Bacillus  aerogenes  capsulatus  is  identical  with 
forms  which  have  been  described  under  various  names  in  connection  with 
cases  of  gaseous  phlegmon,  or  so-called  malignant  oedema.^ 

1  For  a  study  of  B.  capsulatus  in  puerperal  infections  see  Little,  Johns  Hopkins  Hosp.  Bull.,  voL 
xvi.,  p.  136,  1905. 

'  For  an  excellent  critical  riaumi  of  this  subject,  with  bibliography,  see  Welch,  Johns  Hopkins 
Hosp.  Bull.,  voL  xi.,  p.  185,  1900;  also  Ohon  and  Sachs,  Cbl.  f.  Bak.,  Abth.  I.,  Grig.  Bd.  xxxv.,  p.  665; 
Bd.  xxxvi.,  p.  1,  1904. 
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Malignant  OSdema. 

This  disease  is  of  occasional  occurrence  in  man  and  certain  domestic  animals, 
horses,  cattle,  sheep — usually  following  some  form  of  traumatism.  It  is  a  septicsemia 
with  local,  often  hiemorrhagic  oedema,  visceral  degeneration,  etc. 

The  bacillus  of  malignant  oedema.  Bacillus  oedematis  maligni,  which  is  frequently 
present  in  dust,  in  putrefying  substances,  and  in  soil,  considerably  resembles  the 
Bacillus  a^rogenes  capsulatus  in  both  its  morphological  and  biological  characters.  It 
b,  however,  more  slender,  and  more  apt  to  form  threads;  spore  formation  occurs 
readily  in  the  ordinary  media.  It  decolorizes  partially  by  Gram's  method.  Other 
differential  characters  are  to  be  made  out  in  cultures.  It  is  an  excitant  of  hsemor- 
rhagic  oedema  in  animals,  but  with  slight  if  any  development  of  gas. 

Other  Bacteria  which  may  Induce  Hsemorrhagic  Septicsemia. 

Nearly  related  to  the  Bacillus  a^rogenes  capsulatus  and  to  the  bacillus  of  malignant 
cedema  are  several  other  spore-forming  anaerobic  bacilli  occurring  especially  in  the 
earth,  in  excrement,  and  in  various  rotting  substances.  Some  of  these  appear  to  be  of 
pathogenic  significance  in  the  lower  animals  imder  both  natural  and  experimental 
conditions. 

Thus  the  Quarter-evil  (Rauschbrand;  charbon  symptomatique),  especially  in 
Europe,  is  a  serious  infectious  disease  of  sheep,  goats,  and  cattle.  At  the  seat  of 
infection,  often  in  the  legs,  there  is  a  hemorrhagic  oedema  with  gas  formation,  the 
involved  region  often  becoming  much  swollen  and  black  in  color  ("  black  leg*')-  The 
bacillus  which  is  the  excitant  of  this  disease  is  known,  and  preventive  inoculation  has 
been  practised. 

Howard  has  described  a  group  of  cases  of  hcemorrhagic  septiccemia  characterized  by 
haemorrhages  into  the  skin,  serous  membranes,  and  viscera,  in  which  capsulated  bacilli 
apparently  related  to  the  above-described  bacillus  of  Friedl&nder  (p.  216)  have  been 
found.  For  the  details  of  these  cases  and  their  relationship  to  other  forms  of  septi- 
caemia we  refer  to  the  original  paper.  ^ 

Heat  Poisoning. 

Meat  poisoning  may  be  due  to  some  strain  of  Bacillus  enteritidis 
which  infects  various  animals.  The  meat  of  these  diseased  animals  is  not 
abnormal  in  appearance  or  taste  but  may  contain  the  organism,  and  if 
not  thoroughly  cooled  may  induce  serious  gastrointestinal  disorders  in 
man.  The  meat  of  diseased  cows  and  calves  most  frequently  has  been 
the  source  of  infection.  The  infection  is  most  common  in  summer  and 
the  infective  agent  may  apparently  be  conveyed  from  man  to  man 
through  excreta. 

Several  other  forms  of  meat  poisoning,  some  resembling  typhoid 
fever,  others  involving  a  mild  or  violent  gastro-enteritis,  others  especially 
characterized  by  toxaemic  symptoms  have  been  attributed  to  the  pres- 
ence of  various  bacterial  organisms  which  we  cannot  consider  further 
here.* 

Botulism. 

This  is  a  toxaemia  characterized  by  chills,  giddiness,  trembling,  headache,  and 
sometimes  vomiting  followed  by  symptoms  such  as  loss  of  accommodation,  dilated 
pupils,  ptosis,  aphonia,  etc.,  referable  to  the  action  of  some  toxic  substance.     Death 

^Bowardt  Jour,  of  Exp.  Med.,  voL  iv.,  p.  140, 1899;  abo  Blumer  and  Laird,  Johns  Hopkins  Hosp. 
BuU.,  ToL  xiL,  1901,  p.  45.     See  also  Typhus  and  Rocky  Mountain  Spotted  Fever. 

'  For  a  brief  ritumi  of  this  group  see  HiM  and  Zinsser  "Text-book  of  Bacteriology."  2d  edition 
1914,  and  ref.  therein. 
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may  follow  general  motor  paralysis  and  dyspnoea.  Visceral  hyperaemia,  petechial 
hsemorrhage,  and  albuminous  degenerations  may  be  foimd.  The  disease  has  been 
shown  to  be  due  to  an  anaerobic,  readily  cultivated  bacillus,  B.  botulinus,  first  isolated 
by  van  Ermengem  from  a  contaminated  ham  which  had  poisoned  many  persons. 
It  is  believed  that  the  toxins  inducing  this  condition  are  formed  in  the  contamin- 
ated meats — ham,  canned  meat,  and  sausages — before  their  ingestion. 

RELAPSING  FEVER.     (Typhus  Recurrens;  Famine  Fever;  Spirillum  Fever;  Seveo- 

Day  Fever.) 

This  disease  is  common  in  India,  Africa,  and  many  tropical  countries, 
and  has  occurred  in  Russia  and  in  the  United  States.^  It  is  characterized, 
apart  from  the  fever  and  associated  symptoms,  by  the  presence  in  the 
blood  at  certain  periods  of  a  spiral  organism  discovered  by  Obermeier  in 
1873.  Some  six  closely  related  species  of  spirochetes  inducing  the 
different  forms  of  the  disease  have  been  described,  of  which  the  Spiro- 
chaeta  Obermeieri  and  the  Spirochaeta  Duttoni  are  the  best  known. 

The  Lesions  of  the  Disease. 

There  may  be  albuminous  degeneration  in  the  viscera,  leucocytosis, 
catarrhal  or  croupous  inflammation  of  the  mucous  membranes  of  the 
respiratory  and  digestive  organs,  ecchymoses  in  the  skin  and  in  the 
mucous  and  serous  membranes.  There  may  be  pneumonia  and  pleurisy, 
degeneration  of  the  cardiac  muscle,  hyperplasia  of  the  mesenteric 
lymph-nodes.  The  spleen  may  be  large  and  flabby,  this  change  being  so 
extreme  that  rupture  has  occurred  during  life;  it  may  also  be  the  seat  of 
infarctions,  and  these  have  given  rise  to  peritonitis. 

Characters  of  the  Spirochseta  Obermeieri. 

In  the  blood  of  all  parts  of  the  body  during  the  febrile  attacks  may  be  found,  in 
very  large  numbers,  a  long,  slender  spiral  called  from  its  discoverer  SpirochtBta  Ober- 
meieri (Sp.  recurrentis)  (Fig.  168).  The  organisms  dis- 
appear from  the  blood  during  the  afebrile  intervals,  and 
it  has  been  shown  that  at  this  time  they  accumulate  in 
the  spleen,  where  they  are  destroyed  in  large  numbers, 
apparently  through  the  action  of  phagocytic  cells.  The 
organism  is  in  general  from  7  to  9  /£  in  length,  some- 
times longer,  and  performs  rapid,  undulating  movements. 

The    inoculation    of    healthy    men   and   of 
monkeys  with  the  blood  of  relapsing-fever  pa- 
FiQ.  168.— Spiroch^ta       tiouts  which  coutaius  the  organism  induces  a 
Obermeibri.  similar  disease.     Norris  and  Pappenheimer  have 

made  successful  inoculations  of  white  rats  with 
a  spirochaeta  believed  to  be  of  this  species.'  Pure  cultures  of  these 
organisms  through  several  generations  have  been  made,'  and  for  the 

*  Carlisle,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  233,  1906,  bibl.  (describes  two  cases). 

*  Norria,  Pappenheimer  and  Fhurnoy,  Jour.  Inf.  Dis.,  vol.  iii.,  p.  266,  1906. 

*  Noguchi,  Jour.  Exper.  Med.,  1912,  xvi.,  199 
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reasons  indicated,  and  since  the  organism  has  never  been  found  ex- 
cept in  connection  with  the  disease,  there  is  every  reason  for  believ- 
ing that  the  Spirochseta  Obermeieri  is  the  excitant  of  relapsing 
fever.*  The  organisms  are  considered  to  be  protozoa  by  many  ob- 
servers, though  Novy  regards  them  as  definitely  bacterial  in  nature. 

Tick  Fever. — This  is  a  disease  of  Uganda,  Abyssinia,  and  the  Congo 
region  in  Africa.  The  parasite  has  been  studied  by  Novy  and  Knapp,^ 
and  designated  by  them  Spirochaeta  Duttoni.  The  pathological  changes 
induced  in  the  body  by  the  parasite  are  the  same  as  those  caused  by  the 
presence  of  the  Spirochaeta  Obermeieri.  The  organism  is  transferred  by 
the  bite  of  the  Ornithodorus  moubata,  a  tick  in  which  it  can  live  for  a 
long  time. 

Button  and  Todd'  have  been  able  to  induce  the  disease  in  monkeys 
by  causing  these  animals  to  be  bitten  by  the  infested  ticks. 

Morphologically  the  parasite  resembles  very  closely  the  Spirochseta 
Obermeieri,  except  that  the  organisms  are  somewhat  thicker. 

VINCENT'S  ANGINA.* 

This  is  an  inflammation  of  the  mouth,  pharynx,  and  tonsils,  often 
associated  with  a  pseudo-membrane  and  sometimes  leading  to  ulceration. 
There  is  usually  but  moderate  systemic  disturbance.  While  in  the 
lesions  there  are  frequently  many  bacteria,  two  forms  usually  associated 
are  most  commonly  found,  one  spindle-shaped  resembling  a  bacillus, 
the  other  spiral-shaped,  longer  than  the  first,  with  shallow  irregular 
curves,  and  staining  with  difficulty. 

These  two  organisms  have  been  cultivated  under  anaerobic  conditions. 
But  their  relationship  to  Vincent's  angina  and  to  each  other  is  not  yet 
clear.* 

YAWS  (FRAMB(ESIA  TROPICA). 

This  disease  of  tropical  and  subtropical  countries  is  characterized 
chiefly  by  a  papular  eruption,  with  ulcerations  suggestive  of  a  relation- 
ship to  syphilis.  In  the  lesions,  Castellani  in  1905  demonstrated  spi- 
rochetes resembling  Treponema  pallidum;  and  the  observation  has  been 
repeatedly  confirmed.  The  infective  agent  can  be  transmitted  to  mon- 
keys and  to  rabbits  by  inoculation  of  material  from  the  lesions.®  It 
seems  clear  that  though  the  inciting  agent  of  yaws,  Spirochceta  pertenuis 

1  See  for  risumi,  Novy  and  Knapp,  Jour.  Inf.  Dia.,  vol.  iii.,  p.  291, 1906;  also  MUhlena  in  KoUe  and 
Waasermann's  "Handbuch  der  MikroorKanismen,"  2d  edition,  vii.,  864.  1913,  bibl. 

*Novy  and  Knapp^  Jour.  Inf.  Dis.,  1009,  iii.,  379.,  Todd  and  Wolbach,  Jour.  Med.  Res..  1914. 
N.  S.  XXV.,  27. 

*DtUton  and  Todd,  Brit.  Med.  Jour.,  1905,  ii..  1259;  Roaa  and  Milne,  Brit.  Med.  Jour.,  1904.  ii., 
1453. 

*  Vincent,  Ann.  de  1' ins t  Pasteur,  xiii.,  606,  1899,  and  ibid,  Lancet,  1905.  vol.  i.,  p.  1260. 

»  For  a  study  of  fusiform  bacilli  see  Dick,  Jour.  Infect.  Dis.,  1913,  xii.,  191;  Krumweide  and  Pratt, 
1913,  xii.,  199;  ibid.,  1913,  xiii.,  438,  and  Larson  and  Barron,  ibid.,  1913,  xiii.,  429.  For  cultures  of 
spiochetes  see  Noguchi,  ref.  p.  647. 

*  See  for  a  study  of  experimental  yaws  in  the  monkey  and  rabbit,  Nichols,  Jour.  Exp.  Med.,  xii., 
OlO,  1910. 
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(Treponema  pertenuis)  resembles  the  syphilis  organism,  the  diseases  are 
entirely  distinct.     Salvarsan,  however,  is  therapeutically  beneficial, 

HYDROPHOBIA.     (Rabies.) 
Morphology  of  the  Lesions. 

This  is  an  infectious  disease  occurring  most  frequently  in  the  car- 
nivora,  and  especially  common  in  dogs  and  wolves  and  usually  com- 
municated to  man  by  bites  of  the  rabid  animals. 

The  lesions  are  not  constant  nor  are  they  characteristic.  Though 
well  marked  in  some  cases,  in  others  they  are  but  very  slightly  developed. 
Changes,  when  present,  are  apt  to  be  most  pronounced  in  the  medulla 
oblongata  and  pons,  but  they  may  be  present  in  the  spinal  cord.     They 


Showing  ucumulBtion  of  leucocytea  und  proliferation  of  coaneclive-tisBue  cells  in  the  adventitii  of 
the  VHsela. 

consist  of  small  haemorrhages,  accumulation  of  leucocytes  in  the  peri- 
vascular lymph  spaces  about  the  blood-vessels  (Fig,  169)  and  around 
the  ganglion  cells,  of  thrombi  in  the  smaller  blood-vessels,  and  finally  of 
chromatotysis  of  the  ganglion  cells.' 

Changes  have  been  described  in  the  intervertebral  ganglia  and  in 
the  plexiform  ganglia  of  the  pneumogastric  nerve,  which,  although  not 
limited  to  rabies,  are  yet  so  frequently  present  as  to  be  apparently  of 
value  in  diagnosis.  The  lesions  consist  in  degeneration  or  atrophy  or 
destruction  of  the  ganglion  cells  with  a  proliferation  of  the  endothelial 
cells  lining  the  capsule.' 
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Animal  Inoculations. 

Since  the  infective  agent  of  rabies  is  present  in  the  central  nervous 
system  of  victims  of  the  disease,  this  material,  i.e.,  brain  and  spinal-cord 
tissue,  especially  from  the  cord,  is  used  in  experimental  work.  This 
is  called  the  "virus"  of  rabies.  Rabbits  and  guinea-pigs,  as  well  as 
various  other  animals,  are  susceptible  to  subdural  injections,  after  tre- 
phining, of  a  small  amount  of  emulsion  of  the  infective  nerve  tissue. 
After  an  incubation  period  varying  in  different  animals,  these  succumb 
with  characteristic  symptoms  and  lesions.^ 

The  Excitant  op  the  Disease. 

The  infective  agent  appears  to  be  carried  especially  along  the  nerves 
from  the  point  of  inoculation  to  the  central  nervous  system,  where  it 
seems  to  develop.  It  is  not  present  in  considerable  quantity  in  either 
blood  or  lyinph. 

It  is  known  that  the  infective  agent  is  in  the  saliva  and  salivary 
glands  of  rabid  animals,  and  that  it  may  be  present  in  the  saliva  of  the 
dog  from  three  to  five  days  before  the  symptoms  of  the  disease  appear. 
It  seems  to  be  especially  concentrated  in  the  central  nervous  system.  It 
is  readily  rendered  inert  by  corrosive  sublimate  and  other  germicides. 
It  resists  cold  even  to  —20°  C.  but  loses  virulence  after  one  hour's 
exposure  to  50°  C.     It  is  preserved  for  some  time  in  glycerin. 

It  has  been  found  that  the  rabic  virus  may  pass  the  pores  of  an  un- 
glazed  porcelain  filter  not  pervious  to  ordinary  bacteria,  so  that  some 
form  or  developmental  phase  of  the  organism  must  be  extremely  minute. 

Negri  Bodies. — In  1903  Negri  announced  that  he  had  seen  in  sections 
of  the  central  nervous  system  of  rabic  animals  within  the  ganglion 
cells,  rounded  bodies  from  1  /£  to  23  jm  long,  containing  vacuoles  and 
granules  often  grouped  around  a  larger  central  structure.  These  bodies 
he  regarded  as  parasites  belonging  among  the  protozoa  and  believed 
them  to  be  the  specific  inciting  factors  in  hydrophobia.  These  intra- 
cellular structures,  now  called  "  Negri  bodies,"  have  been  the  object  of 
many  careful  researches,  and  the  observations  of  Negri  have  been  in 
general  confirmed  and  extended. 

The  "Negri  bodies"  are,  as  a  rule,  most  abundant  in  the  large 
ganglion  cells  of  the  Hippocampus  major  (Ammon's  horn),  but  occur 
in  ganglion  cells  of  the  cerebral  cortex  and  elsewhere.  They  are  readily 
stained  and  appear  to  consist  of  a  rounded  or  oval,  homogeneous  base- 
ment substance  containing  a  central  body  surrounded  by  variously 
shaped  granules  (Fig.  170).  They  occupy  central  or  peripheral  posi- 
tions in  the  ganglion  cell  and  vary  greatly  in  number  in  different  cases 
of  rabies. 

Similar  cell  inclusions  have  been  found  in  animals  inoculated  with 
"fixed  virus"  (see  below),  but  they  are  smaller  and  more  difficult  of 
detection  than  in  street  rabies  and  in  animals  inoculated  with  the  street- 
rabies  virus.     Negri  bodies  have  been  found  in  nearly  all  cases  of  street 

>  For  further  data  see  epitome  in  KoUe  and  Helseht  *'  Bakteriologie,'*  3d  edition,  1911. 
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rabiea  examined  for  them,  and  in  no  infective  or  other  disease  than 
rabies.  Their  constancy  in  street  rabies  has  led  workers  in  this  field 
to  regard  them  as  of  the  utmost  diagnostic  value.  While  their  nature  b 
not  yet  definitely  established,  their  morphology  and  staining  qualities 
seem  to  be  consistent  with  the  assumption  of  their  protozoan  character. 
They  have  indeed  been  named  by  Williams  NeuroTyctes  hydrophobia. 
Their  uniform  presence  in  street  rabies  and  the  frequent  presence  of 


-t 


smaller  similar  structures  in  fixed  virus  and  in  animals  inoculated  with 
this,  together  with  their  absence  in  diseases  other  than  rabies,  seems  to 
justify  the  tentative  assumption  of  a  specific  etiological  relationship  to 
hydrophobia. ' 

Preparation  and  Staining  of  "Ifegri  Bodies." 

Willioms-Lowdea  H«tbod. — While  the  earlier  studies  were  made  on  sections, 
Williams  and  Lowdea  have  shown  that  in  stained  smears  of  the  nerve  tissue  made 
upon  slides,  which  is  much  simpler  than  sectioning,  the  "bodies"  are  more  clearly 
demonstrated,  and  that  this  method  tor  diagnostic  and  other  purposes  is  t«  be 
preferred.  The  technique  of  making  and  staining  smears  as  devised  by  Williams  and 
Lowden  is  in  outline  as  follows: 

On  a  clean  slide  a  small  bit  of  the  gray  matter  is  placed,  and  a  cover-glasa  is  ligbtly 
pressed  upon  it,  spreading  it  into  a  thin  layer,  then  moved  along  the  slide,  leaving  a 
uniform  thin  smear  of  the  substance.     The  smears  are  dried  in  the  air. 

Staining  may  be  done  by  the  Giemsa  solution  (p.  1037)  or  by  the  eosin  metbyleoe- 
blue  stain  of  Mallory.     The  latter  is  effected  as  follows: 

1  For  a  •-«<um^  and  atudy  of  "Ni^cri  bodies"  we  WiUiamt  and  Loa^m.  Jour.  Inf.  Dis.,  1906.  iii-.U^' 
bibl.iuid  WalKn,ioiit.  Kxper.  Med.,  IS13,  xvii.,  29.     For  theprctiniinuy  uinouDCcmenlaC  1  ifxiT 

Noaachi,  Jour.  Exper.  Med.,  I0I3,  xviii.,  314. 
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Fix  smears  in  Zenker's  fluid  for  one-half  hour;  rinse  and  place  in  iodinized,  95-per- 
eent.  alcohol  for  fifteen  minutes;  in  95-per-cent.  alcohol  and  absolute  alcohol,  success- 
ively, one-half  hour  each;  aqueous  eosin  solution,  twenty  minutes;  rinse  in  water; 
place  in  Unna's  alkaline  methylene-blue  solution  (methylene  blue,  1;  carbonate  of 
potash,  1 ;  water,  100)  diluted  1-5  or  1-10  for  fifteen  minutes;  differentiate  in  95-per- 
oent.  alcohol  from  one  to  five  minutes;  dry  with  filter  paper;  balsam.  By  this  method 
the  cytoplasm  of  the  Negri  bodies  is  magenta  in  color,  the  central  bodies  and 
associated  granules  dark  blue,  the  ganglion  cell-body  light,  and  its  nucleus  a  darker 
blue.^     The  red  blood  cells  are  a  brilliant  eosin  pink. 

Froth ingham's  Impression  Method. — To  avoid  the  distortion  of  the  ganglion  cells 
and  the  disturbance  of  their  relationships  inevitable  in  the  "smear''  method,  and 
to  enable  the  operator  to  recognize  the  topography  and  thus  select  for  examination 
the  larger  cells  lying  just  outside  the  hilus  in  which  Negri  bodies  are  more  commonly 
found,  Frothingham  recommends  the  following  procedure  for  rapid  diagnosis.' 
Dissect  out  the  Ammon's  horn,  removing  extraneous  tissue  from  the  edges.  With 
scissors  cut  out  a  small  disc  at  right  angles  to  the  long  axis  of  the  organ  from  any 
part  desired  and  place  it  upon  a  board  near  its  edge  so  that  one  of  the  flat  surfaces  of 
the  disc  rests  upon  the  board,  the  other  being  exposed.  The  grouping  of  nerve  cells 
may  now  be  seen  in  distinct  white  lines. 

Place  a  thoroughly  cleaned  slide  upon  this  disc  of  tissue,  press  it  gently  and  lift  sud- 
denly. The  disc  adheres  to  the  wood,  and  an  impression  of  its  upper  surface  is  left 
upon  the  glass.  Repeat,  using  a  new  portion  of  the  slide  and  a  little  more  pressure. 
A  third  impression  is  made,  using  still  more  force,  and  a  fourth  using  sufficient 
pressure  to  flatten  the  disc  almost  completely. 

Before  these  impressions  have  dried,  place  in  methyl  alcohol  for  1/2  to  2  minutes 
or  longer.  Remove  from  the  alcohol  and  cover  with  Van  Gieson  stain.  Warm  gently 
for  1/2  to  2  minutes  till  a  light  vapor  rises.  Wash  in  water,  dry  with  filter  paper,  and 
examine  without  cover,  first  with  low  power  to  locate  best  cells,  then  with  oil  immer- 
sion. 

Frothingham  slightly  modifies  Van  Geison's  stain,  using  water  20  c.c;  saturated 
alcoholic  solution  of  fuchsin,  3  drops;  saturated  aqueous  solution  of  methylene  blue, 
1  drop,  prepared  fresh  each  day.  The  Negri  bodies  are  stained  pale  pink  to  pinkish 
red,  the  ganglion  cells  are  bluish. 

Preventative  Inoculation. 

Notwithstanding  his  total  ignorance  of  the  micro-organisms  con- 
cerned in  inciting  hydrophobia,  his  genius  in  wise  experiment  enabled 
Pasteur  to  establish  a  method  for  artificial  immunization  against  the 
disease,  which  has  proved  most  beneficent. 

He  first  obtained  a  virus  of  high  and  definite  intensity.  This  was 
accomplished  by  a  series  of  inoculations  beneath  the  dura  mater  in 
rabbits  of  portions  of  the  spinal  cords  of  rabid  animals.  This  was  called 
"virus  Jixi^^ — fixed  virus.  It  was  found  that  by  drying  in  the  air, 
spinal  cords  of  rabbits  having  definite  and  high  virulence — fixed  virus 
— with  due  protection  against  aerial  contamination,  the  virulence 
diminished  day  by  day.  With  virus  thus  obtained  of  virulence  ranging 
from  that  which  is  practically  inert  to  that  of  the  utmost  potency,  it 
has  been  found  possible,  by  subcutaneous  injections,  safely  to  accustom 
both  animals  and  men  to  the  presence  of  amounts  of  hydrophobia  virus 
contained  in  the  spinal  cord  emulsion,  which  under  ordinary  conditions 

*  For  the  detaib  of  the  Giemsa  staining  and  a  new  and  promising  stain  for  Negri  bodies  suggested 
by  Van  Gieson,  see  WiUiam*  and  Lowden,  Jour.  Inf.  Dis..  vol.  iii.,  p.  452,  and  foot-note  p.  461. 1906. 

'See  Frothingham,  "The  Rapid  Diagnosis  of  Rabies,"  Jour.  Med.  Res.,  vol.  xiv.,  p.  471,  1906 
»1bo  Am.  Jour.  Pub.  Hygiene,  Feb.,  1908.  For  a  study  of  virus  freed  from  cells  of  host  see  Poor  and 
8ieiMKardt,  Jour.  Infect.  EHs..  1913,  xiii.,  263. 
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would  prove  speedily  fatal.  In  other  words,  it  has  been  found  possible 
to  confer  artificial  immunity  against  the  disease. 

This  process  occupies  several  days,  and  immunization  must  be  com- 
pleted before  the  disease  has  begun  to  manifest  itself;  but  as  the  incu- 
bation period  in  hydrophobia  is  fortunately  a  long  one — the  average 
is  about  forty  days — it  has  been  possible,  in  a  large  and  increasing 
number  of  cases,  to  save  the  lives  of  persons  bitten  by  rabid  animals.^ 

This  work  is  now  done  in  laboratories  maintained  for  the  purpose 
and  requires  care  and  experience  in  the  preparation  of  the  virus  as  well 
as  in  diagnosis. 

Diagnosis. 

In  view  of  the  importance  of  diagnosis  in  animals  which  have  died 
or  have  been  killed  under  suspicion  of  rabies,  the  brain,  spinal  cord, 
medidla,  and  ganglia  should  be  saved. 

The  presence  of  Negri  bodies  is  believed  to  be  diagnostic  for  rabies, 
so  that  these  should  be  sought  for  in  the  fresh  tissue  by  the  methods 
indicated  above.     But  considerable  experience  is  required  for  this  work. 

The  examination  of  the  plexiform  and  other  ganglia,  and  of  the 
perivascidar  tissue  and  ganglion  cells  in  hardened  tissue  for  possible 
changes,  may  be  useful  in  cases  of  doubt,  though  not  in  themselves 
positively  diagnostic.  Finally,  it  may  be  necessary  to  have  recourse 
to  the  so-called  biological  test  by  the  subdural  inoculation  of  suscep- 
tible animals  with  fresh  material  from  the  medulla  of  the  suspect.  Por- 
tions of  the  fresh  medulla  in  watery  emulsion  are  inoculated  beneath  the 
dura  mater  of  three  healthy  rabbits  or  guinea-pigs,  and  the  develop- 
ment of  rabic  paralysis  and  other  symptoms  awaited.  This  operation 
for  diagnostic  purposes  should  be  done  only  by  one  experienced  in  this 
subject.^ 

It  is  always  wise  not  to  kill  animals  suspected  of  rabies,  but  to  keep 
them  under  observation  in  confinement.  Rabies  being  always  fatal, 
recovery  from  a  suspicious  disease  excludes  it,  so  that  further  pro- 
tective measures  may  be  clearly  unnecessary.  On  the  other  hand,  the 
carefully  observed  symptoms  of  a  suspected  animal  may  even  in  the 
event  of  a  fatal  termination  afford  valuable  evidence.  If  the  laboratory 
for  diagnosis  be  accessible,  it  is  well,  if  the  suspected  animal  should  die 
or  be  killed,  to  send  the  whole  animal  or  the  head  cut  off  low  down, 
packed  in  ice.  Cold  does  not  rapidly  diminish  the  virulence  of  the 
rabic  virus.  If  the  material  is  to  be  transmitted  for  a  long  distance, 
after  the  preparation  of  impressions  or  smears  from  the  gray  matter  of 
Ammon's  horn,  the  brain  of  the  animal  with  the  medulla,  carefully 
removed  to  avoid  contamination,  may  be  sent  in  a  sterilized  bottle  con- 
taining a  mixture  of  equal  parts  of  glycerin  and  water,  which  has  been 
sterilized  by  boiling  and  cooled. 

1  See,  for  details  of  preventive  inoculations,  Park  and  Williams^  "Pathogenic  Bacteria  and 
Protozoa,"  1910;  also  for  general  summary  and  bibl.  Stimwn,  Pub.  Health  and  Mar.  Hoep.  Sen,  Bull 
65,  1910. 

*  For  further  details  of  diagnosis,  see  ref.  to  WilUama  and  Loivden,  p.  295:  Frothingkam,  rrf- 
p.  296;  and  Park  and  Williama,  I.  c. 
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It  has  been  found  that  by  the  cauterization  of  the  wounds,  made  by 
rabid  animals,  with  fuming  nitric  acid,  the  infective  agent  may  be 
destroyed  even  after  the  lapse  of  several  hours. 

ACDTE  ADTERIOR  POLIOHYELITIS.     (Infantile  ParalTsis.) 

Acute  anterior  poliomyelitis  is  an  infectious  disease  occurring  in 
epidemic  and  sporadic  forms,  affecting  especially  young  children,  and 
definitely,  though  apparently  not  readily,  communicable. 

While  before  1907  epidemics  of  this  disease  were  infrequent  in  the 
United  States,  since  that  time  it  has  widely  prevailed.  In  Europe  also 
n'ithin  the  past  few  years  the  disease  has  been  of  frequent  occurrence 
and  widespread.  It  is  characterized  by  an  exudative  inflammation  of  the 
meninges,  and  of  the  interstitial  tissue  of  the  brain,  and  especially  the  spinal 
cord,  which  may  lead  to  destructive  changes  in  the  ganglion  cells,  par- 
ticularly of  the  anterior  horns,  and  to  paralysis,  atrophy,  and  contracture 
of  the  associated  muscles. 

Although  a  series  of  earlier  studies  had  shown  that  the  disease  could 
be  incited  in  monkeys  by  the 
intraperitoneal  injection  of  an 
emulsion  of  nerve  tissue  from 
fatal  cases  of  infantile  paralysis, 
it  was  not  until  1909  that  Flex- 
ner  and  Lewis'  succeeded  in  car- 
rying the  infective  agent  from  a 
human  case  on  through  monkeys, 
by  the  intracranial  inoculation 
of  nerve  tissue  of  infected  ani- 
mals, in  a  series  which  is  now 
extended  and  apparently  may 
be  indefinitely  prolonged.  Then 
it  was  discovered  that  experi- 
mental infection  can  be  secured       ^°'  '^°'~'^""po'',"  J^^t""  """ *^*"  "' 

by  inoculation  into  the  Subcuta-  F'om  a  prepamion  of  Dt.  Nogucbi,      X  1000. 

neous  tissue,  blood-vessels,  and 

nerves,  and  it  now  seems  probable  that  under  all  these  conditions 
the  course  of  infection  is  through  the  nerves.  It  has  been  found  also, 
that  the  infective  material  may  be  present,  not  only  in  the  brain,  spinal 
cord,  and  the  sensory  and  sympathetic  ganglia,  but  also  in  the  blood, 
spinal  fluid,  naso-pharyngcal  raucous  membranes  and  lymph  nodes.' 

The  infective  agent  belongs  among  the  so-called  "filterable  viruses" 
for  it  passes  through  the  pores  of  the  Berkefeld  filter.  Its  virulence  per- 
sists after  drying  and  after  long  preservation  in  glycerin — two  years  or 
more.  It  is  readily  killed  by  heat— 45°  to  50°  C.  for  thirty  minutes,  but 
sustains  prolonged  cold,  though  less  resistant  to  this  than  to  long  immer- 
sion in  glycerin. 

>  /loner  and  Lewu.  Jour.  Expcr.  Med..  1910,  xii,  227. 

■  For  *  itudy  of  the  diatribution  of  the  vims  from  the  blood  see  Fltmrr  and  jtmnn,  Jour.  Kxper. 
Ued..  1914.  ni,  411. 
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Flexner  and  Noguchi^  have  cultivated  from  the  brains  of  human 
cases  of  poliomyelitis  as  well  as  from  the  brains  of  experimentally  in- 
fected monkeys,  a  minute  organism  which  induces  characteristic  symptoms 
and  lesions  in  monkeys.  This  spheroidal  organism  occurs  in  masses  or 
pairs  or  chains,  depending  upon  conditions  of  culture.  (Fig.  170a.)  The 
individual  bodies  are  about  0.2  micron,  in  diameter,  which  is  much  smaller 
than  known  bacterial  cocci,  and  close  upon  the  limits  of  visibility. 

Cultures  were  at  first  secured  from  fragments  of  infected  brain,  in 
human  ascitic  fluid  to  which  had  been  added  a  fragment  of  sterile  tissue, 
such  as  fresh  rabbit  kidney,  for  example,  oxygen  being  excluded  by  cover- 
ing the  liquid  in  the  tube  with  a  thick  layer  of  sterile  paraffin  oil.  The 
growth  of  the  organism  is  manifested  by  a  gradually  increasing  opales- 
cence of  the  fluid.  After  the  adaptation  of  the  organism  to  the  above 
culture  medium,  it  may  be  transferred  and  grown  on  agar  and  under  other 
conditions.  Cultures  have  been  carried  forward  through  twenty  genera- 
tions still  maintaining  the  capacity,  under  the  requisite  conditions,  of 
inciting  the  disease  in  monkeys. 

In  experimentally  infected  monkeys  the  symptoms  and  lesions  of  the 
disease  in  man  are  fairly  reproduced.  The  lesions  in  the  monkey  are, 
primarily  and  chiefly,  cellular  infiltrative  changes  in  the  perivascular 
lymph  spaces  of  the  arteries  and  of  the  interstitial  substance  of  the  nerve 
tissues.  (Fig.  671a.)  This  leads  to  temporary  occlusion  of  the  vessels, 
focal  haemorrhage  and  oedema,  and  degeneration  of  the  nerve  tissues  with 
necrosis  and  disintegration.  While  the  brain  may  be  involved,  the  lesions 
are  especially  marked  in  the  spinal  cord  and  medulla. 

For  details  of  the  lesions  in  man,  see  page  967. 

Communicability. — Clinical  evidence  of  the  communicability  of 
epidemic  poliomyelitis  is  abundant.  Since  it  has  been  shown  by  Flexner 
and  Lewis,  not  only  that  the  naso-pharyngeal  mucosa  in  animals  arti- 
ficially infected  by  intracranial  injections  may  contain  the  infective 
agent,  but  that  on  rubbing  the  virus  from  an  infected  animal  over  the 
scarified  naso-pharynx  of  monkeys  characteristic  paralysis  may  follow, 
one  is  at  present  led  to  assume  that  the  discharges  from  the  mouth  and 
nose  of  victims  of  the  disease  should  be  properly  cared  for.' 

Immunity. — ^Flexner  and  Lewis  have  shown  that  a  certain  immunity 
is  secured  in  monkeys  by  a  successfully  weathered  artificial  infection. 
But  the  nature  of  this  immunity  is  not  yet  quite  clear,  nor  are  the  pre- 
liminary studies  on  the  production  of  immunizing  sera  sufficiently 
advanced  to  justify  very  confident  prediction  of  success  in  the  imme- 
diate future.' 

TYPHUS  FEVER.     (Hospital  Fever;  Spotted  Fever;  JaU  Fever;  Ship  Fever,  etc.) 

This  communicable  disease  has  no  characteristic  lesion  save  the  pete- 
chial skin  eruption;  but  after  death  the  body  may  present  lesions  com- 
mon to  many  of  the  infectious  diseases.  The  disease  may  be  classed 
among  the  haemorrhagic  septicaemias.     The  isolation  of  an  anaerobic 

^Flexner  and  Noguchx,  Jour.  Exper.  Med.,  1913,  xviii.,  461. 

•  For  a  consideration  of  the  naso-pharyngeal  mucosa  as  a  portal  of  entry,  see  Flexner^  Jour  Am. 
Med.  Assn.,  1910,  lv.,  405 

•  For  an  interesting  r£»umi  of  the  nature,  prevalence,  and  prevention  of  the  disease,  see  Frott,  Pub. 
Health  Repta.  U.  S.  Mar.  Hosp.  Service,  xxv.,  1663.  1910. 
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pleomorphic  bacillus,  alleged  to  be  its  inciting  agent,  has  been  reported 
but  the  report  has  not  as  yet  been  confirmed.^ 

The  infective  agent  has  been  conveyed  from  man  to  monkeys^  and  also 
to  guinea-pigs. 

A  mild  form  of  typhus  fever  has  been  described  in  Mexico  under 
the  name  Tabardillo,  and  in  New  York  under  the  name  Briirs  disease. 
The  conveyance  of  the  infective  agent  seems  to  take  place  through  the 
bites  of  body  lice,  Pediculus  vestimenti.' 

ROCKY  MOUliTAIN  SPOTTED  FEVER.     (Tick  Fever.) 

This  infectious  febrile  disease,  occurring  chiefly  in  the  spring  in 
Montana  and  adjacent  Rocky  Mountain  States,  is  often  fatal,  not  com- 
municable, and  without  obvious  characteristic  lesions  save  petechial 
and  other  spots  of  the  skin  which  mark  it  as  one  of  the  group  of  haemor- 
rhagic  septicaemias. 

Ovoid  bodies  in  the  red  blood  cells  of  persons  suffering  from  the  disease 

have  been  described*  and  have  been  believed  to  be  protozoa,  and  small 

bodies  resembling  short  bacilli  have  also  been  reported,^  but  there  is  no 

evidence  at  present  to  show  that  they  are  the  specific  infective  agents. 

The  disease  can  be  transmitted  to  guinea-pigs,  rabbits,  and  monkeys,  and 

is  probably  conveyed  to  man  by  the  bite  of  infected  ticks,  Dermacentor 

occidentalis.* 

YELLOW  FEVER. 

Lesions  of  the  Disease. 

Yellow  fever  is  endemic  in  tropical  America,  occurs  on  the  west  coast 
of  Africa,  and  occasionally  invades  the  temperate  zones  of  America  and 
Europe. 

This  infectious  disease  of  man  is  without  characteristic  lesions  save 
for  the  haemorrhages  and  pigmentation  in  the  skin.  Such  other  lesions 
as  commonly  exist  are  those  common  to  toxaemia.  The  following  con- 
ditions are,  however,  frequently  present  after  death: 

Rigor  mortis  is  marked  and  occurs  early. 

The  brain  and  its  meninges  are  usually  congested.  The  skin  is  of  a 
yellow  color  from  the  presence  of  the  bile  pigment,  and  may  be  mottled 
by  ecchymoses.  Ecchymoses  are  frequent  in  the  mucous  and  serous 
membranes. 

The  heart  is  of  a  pale  or  brownish  yellow  color.  Its  muscular  fibres 
may  be  the  seat  of  fatty  degeneration.     The  lungs  may  be  congested. 

The  stomach  often  contains  a  characteristic  dark  fluid,  due  to  altered 
blood  pigment,  similar  to  that  which  is  vomited  during  life — black 
vomit.  Its  mucous  membrane  may  be  congested,  softened,  and  is 
sometimes   eroded.     The  intestines   are   dark-colored,   often   distended 

>  PloU^  Jour.  Amer.  Med.  Assn.,  1914,  Ixii.,  1556. 

»  NicolU^  C.  R.  Acad.  Sci.,  1909,  cxlix.,  157.     Anderson  and  Goldberger,  Jour.  Med.  Research,  1910, 
N.  8.  xvii..  469. 

*  RickttU  and  Wilder,  Jour.  Amer.  Med.  Assn.,  1910,  liv.,  463, 1304, 1373.     McCampbeU,  Jour.  Med. 
Research,  1910,  N.  S.  xviii.,  71. 

*  WUaan  and  Chowning,  Jour.  Infect.  Dis.,  1904,  i.,  31. 

•  Rickettt,  Jour.  Amer.  Med.  Aflsn.,  1909.  lii.,  379. 

•  Rickeat  and  Gomex,  Jour.  Infect.  Dis.,  1906,  iv.,  141. 
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with  gas,  and  sometimes  contain  blood.  Tfie  liver  in  the  earlier  stages 
of  the  disease  may  be  intensely  congested.  More  frequently  it  con- 
tains but  little  blood,  is  of  a  light  yellow  color,  and  the  hepatic  cells 
show  the  changes  of  an  intense  albuminous  degeneration,  often  much 
more  marked  than  are  found  in  any  other  disease  except  acute  yellow 
atrophy  of  the  liver.  Areas  of  focal  necrosis  may  be  present.  The  gall- 
bladder is  apt  to  be  contracted. 

The  spleen  shows  no  marked  changes.  The  kidneys  present  an 
intense  albuminous  degeneration.  The  tubules  usually  contain  mass^ 
of  hyaline  material. 

The  Excitant  of  the  Disease. 

While  its  mode  of  occurrence  and  the  characters  of  its  symptoms  and 
lesions  indicate  that  yellow  fever  is  an  acute  infectious  disease,  none  of 
the  various  studies  which  have  been  made  upon  its  etiology  has  as  yet 
revealed  the  presence  of  any  micro-organism  which  can  be  confidently 
accepted  as  its  excitant.^ 

The  Mode  of  Infection. 

It  has  been  shown  by  Reed  and  his  colleagues,  Carroll  and  Agramonte> 
that  the  infectious  agent  in  yellow  fever  may  be  transmitted  by  the  sub- 
cutaneous injection  into  a  healthy  individual  of  a  small  quantity  of  blood 
drawn  from  a  patient  in  the  early  stage — first  three  days — of  the  disease. 
It  has,  furthermore,  been  shown  by  repeated  and  abundantly  confirmed 
experiments  that  yellow  fever  may  be  induced  in  a  non-immune  indi- 
vidual by  the  bite  of  the  mosquito — Stegomyia  calopiLS — which  has  pre- 
viously— at  least  twelve  days — bitten  a  patient  in  an  early  stage  of  the 
disease.  Practical  sanitary  procedures,  based  upon  the  hypothesis  that 
this  mosquito  acts  as  an  intermediate  host  in  which  the  (unknown) 
yellow-fever  parasite  passes  one  of  its  developmental  cycles,  have 
furnished  strong  evidence  that  it  is  through  the  intervention  of  this 
mosquito,  and  thus  only,  that  the  disease  is  conveyed.  For  it  has  been 
possible,  by  the  prevention  of  access  of  this  mosquito  to  yellow-fever 
patients  through  the  use  of  netting  and  other  precautionary  measures, 
practically  to  suppress  the  disease  in  Havana,  where  it  was  formerly 
endemic,  and  to  stifle  epidemics  elsewhere. ^  It  has  been  further  demon- 
strated in  the  most  conclusive  way  that  the  infectious  agent  in  yellow 
fever  is  not  conveyed  directly  through  the  air  or  by  fomites.'    That  it  is 

*  The  various  studies  of  Sternberg,  who  isolated  a  bacillus  which  he  called  *'  Bacillus  z,"  and  of 
Sanarelli,  who  found  a  bacillus  which  he  named  Bacillus  icteroides^  are  the  most  noteworthy  earlier  cod* 
tributions  to  the  subject.  A  later  study  and  references  to  the  bibliography  of  this  subject  may  be  found 
in  an  article  by  Reed  and  Carroll,  Jour.  Exp.  Med.,  voL  v.,  p.  215,  1900. 

*  For  a  summary  of  observations  relating  to  the  mosquito  as  an  intermediary  hoet  of  the  infectious 
organism  in  yellow  fever,  see  Reed,  Carroll,  and  AgramorUe,  Phila.  Med.  Jour.,  October  27tb,  1900;  also 
Jour.  Am.  Med.  Assn..  voL  zxxvi.,  p.  431,  1901;  Amer.  Med.,  voL  ii.,  p.  15,  1901;  Guilenu^  Amer.  Med., 
vol.  ii..  p.  809.  1901;  Durham,  Thompson  Yates'  Laboratories  Report,  vol.  iv..  1901,  p.  485;  Retd  and 
Carroll,  Amer.  Med.,  vol.  iii..  p.  301. 1902;  also  Carroll.  Jour.  Am.  Med.  Aasn.,  vol.  xL,  p.  1429. 1903.  A 
summary  and  bibliography  by  Ooldberger  is  in  Bull.  No.  16  of  the  Yellow  Fever  Institute,  1907. 

*  For  a  brief  risunU  of  the  reasons  for  the  belief  that  the  mosquito  is  the  sole  agent  in  the  convey* 
ance  of  the  infectious  agent  in  yellow  fever,  see  Carter,  Bull,  of  Uie  Yellow  Fever  Institute.  No.  10, 
July,  1902,  Bureau  of  Public  Health  and  Marine  Hospital  Service.  U.  S.  A.  For  a  description  of  the 
mosquito  Stegomyia  calopus  and  modes  of  prevention  in  yellow  fever  see  Reed  and  Carroll,  Med. 
Record,  vol.  be,  p.  64 1 .  190 1 .  For  the  bearing  of  this  subject  upon  quarantine  regulations  see  Dotyt  Med. 
Record,  vol.  be.,  p.  649.  1901. 
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an  extremely  minute  organism  is  Bhown  by  the  fact  that  it  can  pass 
through  the  pores  of  a  Berkefeld  filter. 

VAKIOLA.     (Smallpox.) 

Smallpox  is  an  acute,  readily  communicable,  infectious  disease, 
es|>ecially  characterized  anatomically  by  an  inflammation  of  the  skin 
which  passes  through  a  series  of  more  or  less  distinctive  phases  of  papule, 
vesicle,  pustule,  with  a  final  drying  of  the  exudate  and  necrotic  tissue 
constituting  the  crust. 

Various  phases  of  the  exanthem  are  used  to  designate  forms  of  the 
disease. 

Secondary  lesions  are  diffuse  suppurative  inflammation  of  the  skin, 
congestion,  inflammation,  and  ulceration  of  the  mucous  membranes, 
hasmorrhages  in  various  parts  of  the  body,  swelling  and  ulceration  of 
the  lymphatic  tissues,  albuminous  degeneration  of  the  kidney,  liver,  and 
spleen,  and  leucocytosis. 


The  akin  lesion  shows  in  general  at  first  circumscribed  areas  of  inflam- 
mation above  the  ends  of  the  papillae,  with  the  development  of  a  fluid- 
filled  reticulum,  so  that  vesicles  more  or  less  umbilicated  are  formed 
(Fig.  171).  These  at  first  contain  a  clear  fluid,  but  by  the  gathering  of 
pus  cells  the  fluid  becomes  turbid  and  accumulates  to  form  a  pustule. 
Hand-in-hand  with  these  changes  the  papilla  and  adjacent  layers  of  the 
cerium  may  become  infiltrated  with  cells.  The  contents  of  the  pustules 
and  the  necrotic  tissue  above  dry  and  form  the  crusts.  When  the 
changes  are  largely  confined  to  the  epidermis,  the  lesion  may  leave  no 
deformity.  But  if  the  changes  in  the  cutis  are  considerable,  cicatricial 
tissue  may  form,  leaving  scars.  The  association  of  local  haemorrhage 
with  the  above  changes  gives  rise  to  the  hemorrhagic  form  of  exanthem. 

Artificial  Immunization  in  Smallpox, 

Smallpox  affords  one  of  the  most  striking  examples  of  positive  and 
prolonged  acquired  immunity  conferred  by  a  successfully  weathered 
attack  of  an  infectious  disease. 
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In  the  early  days  attempts  were  made  to  mitigate  the  virulence  of 
smallpox  acquired  by  exposure  in  the  usual  ways  by  artificial  inoculation 
of  material — virus — ^taken  from  a  smallpox  pustule.  The  usually 
relatively  mild  form  of  the  disease  induced  in  this  way  also  conferred 
immunity.  But  the  individual  was  during  his  immunization  a  source  of 
danger  to  others.  The  great  discovery  of  Jenner  that  by  inoculation 
with  virus  from  cowpox,  immunity  was  secured  against  smallpox  need 
not  be  considered  in  detail  here.  The  immunity  secured  in  this  way, 
while  not  absolute,  is  usually  effective  and  involves  as  a  rule  but  sUght 
indisposition.  By  revaccination  after  an  interval  of  a  few  years  prac- 
tical protection  is  secured,  so  that  the  occurrence  of  smallpox  epidemics 
to-day  is  possible  only  through  neglect  of  simple  and  positive  protective 
measures. 

The  more  recent  view  of  the  immunity  conferred  by  vaccination 
against  smallpox  is  based  upon  the  demonstration  that  the  disease 
variola  in  man  and  the  disease  vaccinia  in  the  bovine ,  species  are  of 
the  same  nature  and  not  different,  as  was  formerly  believed.  This 
has  been  established  by  numerous  inoculation  experiments.  The  disease 
in  the  cow  is  a  modified  form  of  the  human  disease.  The  effect  of  the 
passage  of  the  unknown  micro-organisms  through  the  insusceptible 
bovine — thus  runs  the  rationale  in  the  new  light — ^is  so  to  diminish  the 
virulence  of  the  germ  that  by  its  subsequent  inocujation  in  man  immu- 
nity is  secured  without  the  profound  disturbance  which  infection  with  a 
germ  of  unmitigated  virulence  would  involve.^ 

The  Excitant  of  Smallpox. 

Bacteria. — The  large  number  of  studies  which  have  been  made  of  the 
skin  lesions  of  smallpox  and  of  vaccine  lymph  have  shown  that  bacteria 
of  various  kinds  are  frequently  present. ^  Streptococci  and  staphylo- 
cocci are  especially  common  in  the  pustules  and  may  be  present  in  the 
blood  in  later  stages  of  severe  or  fatal  cases.'  It  is  probable  that  the 
pyogenic  cocci  are  of  great  importance  as  complicating  factors  in  the 
disease.  But  there  is  no  evidence  at  hand  that  these  or  any  other  bac- 
teria are  its  primary  excitants. 

Protozoa. — While  it  was  natural  that  the  most  painstaking  search 
should  be  made  for  bacteria  in  the  lesions  of  smallpox,  there  have  been 
from  the  first  many  obvious  reasons  for  the  conjecture  that  this  disease 

1  In  diphtheria  the  perfection  of  ^e  process  of  artificial  immunisation  and  the  establishmeot  o' 
a  precise  and  successful  curative  method  are  the  direct  results  of  a  long,  patient,  logical  series  of  ftniro*! 
experiments  with  a  definite  end  in  view,  and  by  the  use  of  the  absolutely  identified  and  weU-knovi 
germ  which  induces  the  disease.  On  the  other  hand,  it  is  not  a  little  curious  that  in  amaUpox  and  in 
hydropfiobia  efifective  methods  of  immunization  should  have  been  perfected  without  precise  knowledge 
of  the  micro-organisms  which  incite  the  diseases,  and  yet  by  procedures  which,  though  somewhat  oB' 
pirically  hit  upon,  are  nevertheless  in  close  accord  with  those  which  the  most  recent  studies  on  immuiuty 
in  general  have  shown  to  be  effective.  Thus  in  both  smallpox  and  hydrophobia  the  material  uwd 
for  protective  inoculation  is  that  which  has  been  artificially  reduced  in  virulence;  in  the  one  case — snaD- 
pox — by  its  passage  through  the  body  of  a  relatively  insusceptible  animal;  in  the  oUier — hydrophobia-' 
by  drying  in  the  air. 

'  See  Huouenin,  Lubarsch  and  Ostertag's  "  Ergebnisse,"  Jahrg.  iv.,  p.  387,  bibl. 

•  See  report  by  JEwing,  Trans.  Assn.  Am.  Ph3r8.,  vol.  xvii.,  1902,  p.  213;  also  Perkifu  and  Pay,  Jow* 
Med.  Res.,  vol.  x.,  1903,  p.  180. 
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as  well  as  the  other  exanthemata  might  be  incited  by  organisms  of  a 
different  nature.  In  fact,  as  early  as  1886  and  1887  bodies  were  found 
in  the  pustides  by  Van  der  Loefif  and  L.  Pfeififer,  which  they  conjectured 
to  be  protozoa.  It  was  not  until  1892,  however,  when  Guamieri  under- 
took a  series  of  noteworthy  experiments  in  animals,  that  the  nature  of 
the  suspected  structures  in  vaccine  lymph  became  clearer.  Guamieri 
inoculated  vaccine  lymph  into  the  cornea  of  rabbits  and  noted  the 
appearance  after  a  few  days  in  increasing  numbers  in  the  epithelial 
cells  of  the  structures  which  had  been  previously  discovered  in  the  con- 
tents of  smallpox  pustules.  In  some  of  these  bodies  he  believed  that  he 
saw  amoeboid  movements.  These  bodies,  which  were  called  "vaccine 
bodies,"  he  regarded  as  protozoa  and  named  the  species  Cytoryctes 
vcLCcincB,^ 

These  observations  of  Guamieri  on  the  vaccine  bodies  found  in  the 
lesions  of  both  vaccinia  and  variola  were  confirmed  by  Wasielewski* 
and  many  other  observers. 

The  vaccine  bodies  of  Guamieri  are  spheroidal,  oval,  or  irregular 
structures  from  1  /£  to  4  or  even  8  fi  in  diameter,  staining  readily  with 
various  dyes,  the  central  portion  giving  in  general  the  staining  characters 
of  nuclear  substance,  a  peripheral  zone  being  sometimes  differentiated 
by  c3rtoplasmic  stains.  The  bodies  often  lie  close  upon  the  border  of 
the  nucleus  of  the  epithelial  cells,  sometimes  lying  in  a  depression  of  the 
nuclear  border.  They  may,  however,  lie  in  other  parts  of  the  epithelial 
cytoplasm.  They  are  frequently  surrounded  by  a  clear  space,  which  may 
become  of  considerable  size.     They  have  not  been  found  in  the  nucleus. 

Hand-in-hand  with  the  increase  of  these  bodies  there  are  progressive 
degenerative  processes  in  the  epithelium  of  the  inoculated  region,  with 
the  formation  of  various  structures  characteristic  of  the  degeneration 
of  protoplasm  under  a  great  variety  of  conditions. 

While  many  observers  following  Guamieri  have  felt  justified,  largely 
on  morphological  evidence,  in  the  belief  that  the  vaccine  bodies  are  pro- 
tozoa, others  have  been  led  to  the  conclusion  that  many,  if  not  all,  the 
appearances  presented  can  be  accounted  for  by  protoplasmic  degen- 
erations induced  by  other  agencies.  Several  experimenters,  indeed, 
by  the  introduction  into  the  rabbit 's  cornea  of  chemical  and  other  sub- 
stances not  at  all  related  to  the  vaccine  virus,  have  been  able  to  induce 
degenerative  protoplasmic  structures  resembling  the  vaccine  bodies. 
The  studies  of  Ewing  on  this  subject  are  of  especial  significance.^ 

It  is  evident  that  the  proof  on  morphological  grounds  alone  of  the 
protozoan  nature  of  such  minute  structures  is  a  task  of  extreme  difficulty, 
associated  as  they  frequently  are  with  the  readily  stained  products  of 
protoplasmic  degeneration. 

In  April,  1903,  Councilman  announced  the  results  of  a  long  series  of 
studies  by  himself  and  his  associates,  Magrath,  Brinckerhoff,  and  Tyzzer, 

>  This  name  was  given  because  the  bodies  frequently  lay  in  small  spaces  in  the  cell  protoplasm, 
which  he  assumed  to  have  been  formed  by  the  destructive  action  of  the  parasite. 

*  Consult  for  a  most  admirable  summary  of  the  subject,  with  original  studies,  photographs,  and 
bibliography,  Waaielewaki,  Zeitsch.  f.  Hyg.,  Bd.  xxxviii.,  1901,  p.  212. 

*  See  Ernng,  Jour.  Med.  Res.,  vol.  xii.,  p.  509,  1904;  also  tHd.,  voL  xiii.,  p.  233,  1905. 
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on  the  excitant  of  smallpox.^    The  observations  of  Guarnieri,  Wasie- 
lewski,  and  others,  on  the  vaccine  body,  were  in  the  main  confirmed. 
These  observers  found  the  vaccine  bodies  in  the  lower  layers  of  skin  epi- 
thelium before  the  production  of  the  vesicles  and  in  the  advancing 
edges  of  the  young  vesicles.     They  found  morphological  evidence  of  the 
segmentation  of  the   bodies   and   the  formation  of  round,   spore-like 
structures    about    1   /x   in   diameter.     Councilman   further   announced 
the  discovery  of  other  bodies,  not  before  described,  within  the  nucleus 
of  the  epithelial  cells  in  the  infected  region  in  man.     These  intranuclear 
structures  are  circular,  ring-like,  with  a  central  dot,  and  may  be  seen 
singly  or  in  clusters.     They  are  from  1  to  1.5  jm  in  diameter.     These 
intranuclear  bodies  Councilman  regards  as  a  further  stage  and  as  repre- 
senting a  second  complex  cycle  of  development  of  the  smallpox  parasite. 
The  intranuclear  structures  he  believes  to  be  developed  from  the  spore- 
like bodies,  resulting  from  the  segmentation  of  the  intracellular  vaccine 
body,  which  penetrate  the  nucleus.     Councilman  finds  the  vaccine  bodies 
both  in  the  epithelial  cells  of  the  smallpox  lesion  in  man  and  in  the  lesion 
induced  by  vaccination  of  the  rabbit  and  calf.     But  the  intranuclear 
forms  have  not  been  found  in  the  latter  animals.     After  inoculation  of 
the  monkey  with  the  contents  of  smallpox  pustules,  both  the  intracellular 
and  the  intranuclear  forms  were  found.     He  believes  it  to  be  probable 
that  in  smallpox  the  parasite  undergoes  complete  development,  passing 
through  two  cycles,  an  intracellular  and  an  intranuclear,  while  in  vaccinia 
only  one,  the  primary,  cycle  is  achieved. ^ 

Calkins,  from  an  independent  study  of  the  material  furnished  by 
Councilman,  is  convinced  of  the  protozoan  nature  of  the  organisms  in 
question  and  now  groups  them  among  the  rhizopods.^ 

It  is  clear  that  final  judgment  upon  the  nature  and  significance  of 
these  minute  structures  must  be  suspended  until  further  experiments 
upon  suitable  animals  shall  have  furnished  fuller  biological  data  than 
are  yet  at  hand,  which  may  sustain  the  evidence,  still  largely  morpho- 
logical, on  which  these  suggestive  conclusions  are  based.** 

SCARLBT  FEVER.     (Scarlatina.) 

This  is  an  infectious,  readily  communicable  disease  characterized  by 
a  diffuse  skin  eruption,  and  frequently  accompanied  by  inflammation, 
either  catarrhal,  or  croupous,  or  gangrenous,  of  the  tonsils,  pharynx, 
and  larynx.  Focal  necroses,  albuminous  degeneration  in  the  viscera, 
and  leucocytosis  with  moderate  eosinophilia  may  occur. 

There  may  be  acute  hyperplasia  or  suppuration  of  the  cervical  lymph- 
nodes.     There  is  very  frequently  an  acute  exudative  or  an  acute  diffuse 

1  "Studies  on  the  Pathology  and  on  the  Etiology  of  Variola  and  Vaccinia,"  Jour,  of  Med.  R«-. 
voL  xi.,  1004;  see  also  summary  by  Councilman,  Am.  Med.,  vol.  x.,  p.  689,  1905. 

*  For  studies  on  experimental  variola  and  vaccinia  in  monkeys  see  Brinckerhoff  and  Tytzer,  Jour. 
Med.  Res.,  vol.  xiv.,  p.  209  et  seq.,  1906.  See  also,  for  studies  on  reaction  of  variola  virus  to  extezn&l 
conditions,  ibid.,  p.  352. 

»  Calkins,  Protozoology,  1909.  308. 

*  Consult  for  general  bibliography  Freeman,  article  on  vaccination  in  "Cyclopedia  of  the  Diseases 
of  Children,"  vol.  v.,  suppl.,  p.  263;  or  Moore,  in  "Twentieth  Century  Practice,"  vol.  xiii. 
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nephritis.^  The  spleen  may  be  enlarged.  Broncho-pneumonia,  endo- 
carditis, and  pericarditis  may  complicate  the  disease. 

The  exanthem  or  skin  eruption  in  scarlatina  is  a  simple  dermatitis, 
as  the  result  of  which  the  papillae  and  subpapillary  stratum  become 
infiltrated  with  fluid  or  leucocytes,  or  both,  the  leucocytes  being  gathered 
especially  about  the  blood-vessels.  There  may  be  small  haemorrhages, 
and  the  acute  phase  of  the  inflammation  is  followed  by  an  increased 
production  of  epithelium  and  an  exfoliation  of  the  superficial  layers. 
These  lesions  of  the  skin  may  be,  excepting  the  haemorrhages,  very 
slightly  marked  after  death. 

The  Excitants  of  Scarlatina. — That  the  disease  is  due  to  some  form 
of  micro-organism  there  can  be  no  doubt.  The  exact  nature  of  this 
organism  is  not  yet  known.  The  acute  nephritis  and  the  marks  of 
degeneration  and  focal  necrosis  so  often  present  appear  to  be  due  to  some 
poison  formed  in  the  body  during  the  disease. 

Mallory*  has  described  bodies  in  and  between  the  epithelial  cells  of 
the  epidermis  and  free  in  the  superficial  lymph-vessels  and  spaces  of 
the  corium  in  scarlet  fever  which  he  believes  to  be  protozoa  and  to  bear 
an  etiological  relationship  to  the  disease.  Most  of  these  bodies  are 
from  2  to  7  ;£  in  diameter  and  stain  with  methylene  blue.  A  series  of 
forms  are  found,  including  rosettes,  which  are  said  to  resemble  the  series 
in  the  asexual  development  of  the  malarial  parasite.  Further  studies 
virUl  be  required  to  establish  the  protozoan  nature  as  well  as  the  signifi- 
cance of  these  structures.^ 

One  of  the  most  marked  features  of  the  disease  is  the  predisposition 
which  it  entails  to  the  incursions  of  pathogenic  germs  other  than  that 
which  we  believe  to  be  its  excitant.  Thus  an  infectious  croupous  inflam- 
mation of  the  mouth,  tonsils,  pharynx,  larynx,  and  trachea,  due  to  a 
streptococcus  (see  p.  212),  is  a  frequent  complication.  True  diphtheria 
due  to  the  Lofller  bacillus  is  also  prone  to  establish  itself  upon  the  vul- 
nerable inflamed  mucous  membranes.  So  also  the  frequently  associated 
pneumonia,  the  inflammatory  hyperplasia  and  suppuration  of  the  lymph- 
nodes,  suppurations  in  various  parts  of  the  body,  the  endocarditis  and 
pericarditis  which  are  not  uncommon,  may  all  be  due  to  a  secondary 
infection  with  the  pyogenic  cocci. 

TRACHOlfA. 

The  inflammation  of  the  conjunctiva,  known  as  trachoma,  has  long 
been  suspected  to  be  of  infective  nature.  But  it  was  not  until  1907  that 
Halberstaedter  and  v.  Prowazek,'*  and  Greff''  described  the  occurrence  in 

1  For  a  special  study  of  kidney  lesions  in  scarlatina  see  Chapman,  Jour,  of  Path.,  voL  xl.,  p.  276, 
1906.  bibL 

*  MaUory^  Jour,  of  Med.  Res.,  vol.  x.,  1904,  p.  483.  On  the  demonstration  of  the  alleged  parasite 
of  scarlatina  in  blister  fluids  see  Duval,  Univ.  Penn.  Med.  Bull.,  Nov.,  1904;  also  Williams  and  Lowden, 
Studies  Res.  Lab.  of  the  N.  Y.  Qty  Health  Dept.,  iii.,  42,  1907,  and  Field,  Jour.  Exp.  Med.,  1905.  vii., 
343. 

*  For  a  study  of  intraleucoeytic  inclusions  (Dohle  bodies)  see  Glomset,  Jour.  Infect.  Dis.,  1912,  xi., 
468.  For  a  study  of  the  alleged  incitement  of  scarlet  fever  in  monkeys  see  Draper  and  Hanford,  Jour. 
Exper.  Med..  1913,  xvu.,  517.  ^ 

«  HaWeratatdter  and  v.  Prowaxek,  Deut.  Med.  Wchnschr.,  xxxiii.,  1285.  1907. 
»  Greff,  Ibid,  914,  1907. 


the  epithelial  cells  of  the  conjunctiva  in  the  early  stages  of  the  disease  of 
extremely  minute,  rounded  or  oval  bodies,  smaller  than  the  smallest  cocci, 
not  staining  with  Gram,  but  reddish  or  violet  with  Giemsa. 

These  bodies  are  surrounded  by  a  clear  mantle,  staining  blue  with 
Giemsa,  and  are  often  paired.  They  are  called  Trachoma  Granules  or 
Bodies.     The  trachoma  granules  are  found  chiefly  in  the  epithelial  cells, 


often  grouped  in  concentric  masses,  close  to  the  nucleus  (Fig.  172). 
They  sometimes  fill  and  distend  the  cells  (Fig.  173).  They  vary  con- 
siderably in  size.  They  increase  rapidly  within  their  mantles  which 
presently  they  replace. 

These  bodies  were  called  Chlamydozoa  because  of  the  surrounding 
mantle.  They  are  not  very  abundant  and  may  soon  disappear.  Their 
significance  and  nature  do  not  aecm  at  present  clear.' 


THE   INFECTIOUS    DISEASES 


A  readily  communicable  infectious  disease,  the  most  prominent 
features  of  which  are  an  intense  hyperemia  with  inflammation  of  the 
skin,  associated  with  catarrhal  inflammation  of  the  mucous  membrane 
of  the  air  passages.  The  inflammation  of  the  skin  is  anatomically  of 
the  same  general  type  as  that  in  scarlatina.'     Albuminous  degeneration 


CoojiiiictiTS.    From  >  prepnoiiioo  of  Dr.  Noguihi.     The  "boditB"  nenrly  611  the  eell  near  the  oentw 
of  tbe  cut  and  partly  .urround  the  nucleus. 

of  the  kidney  or  acute  exudative  nephritis  may  occur.  Focal  necrosis 
in  the  liver  and  kidneys  have  been  described  by  Freeman.' 

The  more  common  secondary  lesions  are  broncho-pneumonia,  pseudo- 
membranous inflammation  of  the  pharynx  and  larynx,  suppurative 
inflammation  in  various  parts  of  the  body,  and  diphtheria.  These  compli- 
cations, as  in  scarlatina,  are  doubtless,  in  part  at  least,  due  to  secondary 
infection  with  other  germs  than  those  causing  the  disease  itself. 

The  excitant  of  measles  is  not  known. 
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Canon  and  Pielicke  in  1892^  recorded  the  discovery  in  the  blood  in  fourteen  cases 
of  measles  of  very  small  bacilli,  about  as  long  as  the  radius  of  a  red  blood  cell,  but 
varying  considerably  in  size.  These  bacilli  were  sometimes  abundant,  sometimes 
scanty  in  the  blood,  lying  singly  or  in  heaps.  Meagre  cultures  were  obtained  in  three 
cases  in  beef  tea.  They  did  not  seem  to  grow  on  the  ordinary  solid  media.  Bacilli 
similar  in  form  were  found  in  the  exudate  from  inflamed  mucous  membranes  in 
measles.  The  observations  of  these  writers  are  interesting  and  suggestive,  but  until 
they  shall  have  been  confirmed  by  others  and  greatly  extended  nothing  can  be  a^umed 
as  established  regarding  the  etiological  significance  of  the  germs. 

Inoculation  of  Measles. — Although  readily  conveyed  in  natural  ways 
from  one  human  being  to  another  predisposed  individual,  the  attempts 
at  experimental  inoculation  of  the  infectious  agent  in  measles  in  man 
have  not  led  to  very  definite  conclusions.  Hektoen  succeeded  in  two 
cases  in  inducing  typical  measles  by  the  injection  of  material  derived 
from  the  blood  at  an  eariy  stage  of  the  disease.  ^ 

MALAIOA. 

The  Lesions  of  Malaria. 

The  characteristic  lesions  of  acute  malarial  infection  are  found  in  the 
blood,  the  liver,  spleen,  kidneys,  and  brain. 

The  alterations  in  the  blood  are  chiefly  confined  to  the  diminution  in 
number  of  the  red  corpuscles,  due  to  their  destruction  by  the  parasites 
developing  in  them  and  to  a  reduction  in  the  haemoglobin  content  of 
those  which  do  not  contain  parasites.  These  changes  are  apparently 
due  to  some  toxic  agent,  for  which  there  is  additional  evidence  in  the 
polychromatophilia  and  granular  degeneration  of  the  body  of  the  red 
cell  so  often  present  in  severe  malarial  infections.  The  evidence  of  some 
poison  acting  on  the  protoplasm  of  the  red  cells  is  found,  not  only  in 
those  cells  in  which  the  organism  is  developing,  but  more  abundantly 
in  those  cells  in  which  no  plasmodia  are  present. 

The  leucocytes  show  slight  qualitative  changes,  there  being  usually 
present  a  relative  increase  in  the  large  mononuclear  cells.  Pigmented 
leucocytes  are  often  seen,  and  in  very  severe  infections  large  macrophages 
loaded  with  pigment  may  be  seen  in  the  circulating  blood.  In  severe 
cases  the  pigment,  which  is  derived  from  the  haemoglobin  of  the  blood 
corpuscles  and  forms  the  granules  in  the  body  of  the  parasite,  may  be 
found  free  in  the  general  circulation,  but  is  usually  soon  removed  by 
the  leucocytes  and  the  phagocytic  cells  of  the  liver,  spleen,  and  bone 
marrow.  The  brain  in  cases  of  pernicious  aestivo-autumnal  fever  is 
often  much  congested,  and  the  smaller  capillaries  may  be  filled  with 
enormous  numbers  of  the  plasmodia  in  various  phases  of  development; 
there  may  also  be  small  punctate  haemorrhages  in  the  white  matter. 
The  deposition  of  the  malarial  pigment  in  the  cortex  may  give  to  the 
latter  a  dark  reddish  brown  color,  or  it  may  be  almost  black.  The  spind 
cord  shows  similar  changes. 

1  Berliner  klin.  Wochenschr.,  Apr.  I8th,  1892. 

*  For  a  ri8Ufn4  of  earlier  attempts  at  inoculation  of  measles  and  his  own  experiments  see  Htktotn, 
Jour.  Inf.  Dia.,  vol.  ii.,  p.  238,  1905.  For  an  exp>erimental  study  of  measles  in  monkeys,  seelmcMftod 
Prizer,  Jour.  Med.  Res,,  1912,  N.  S.  xxi.,  181. 
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The  liver  in  acute  cases  may  show  focal  necroses  resembling  those 
present  in  other  infectious  diseases.  The  endothelium  of  the  liver 
capillaries  may  contain  much  pigment  (see  Fig.  473,  p.  721),  while 
the  lumina  of  the  capillaries  may  be  stuffed  with  plasmodia  in  various 
stages  of  development.  The  kidneys  may  show  albuminous  degenera- 
tion, and  while  the  intertubular  capillaries  may  be  filled  with  pigmented 
leucocytes  there  is  not,  as  a  rule,  a  great  accumulation  of  plasmodia  in 
the  vessels.  A  moderate  diffuse  nephritis  is  occasionally  seen.  The 
capillaries  of  the  mucosa  of  the  stomach  and  the  intestines  may  be  filled 
with  parasites  in  cases  with  choleraic  symptoms,  and  there  may  be  a 
considerable  amount  of  necrosis  in  the  epithelium  of  the  mucosa  of  the 
intestines.  The  bone  marrow  usually  contains  large  numbers  of  the 
Plasmodia,  chiefly  segmenting  forms.  A  good  deal  of  pigmentation  is 
present,  and  an  active  phagoc3rtosis  is  carried  on,  mainly  by  the  giant- 
cell  macrophages  present  in  the  marrow.  Crescentic  organisms  may  be 
present  in  the  marrow  even  if  these  have  not  been  present  in  the  blood 
during  life. 

The  spleen  is  increased  in  size,  the  pulp  is  softened  and  very  dark, 
the  Malpighian  bodies  are  not  well  marked.  Microscopically,  the  organ 
is  greatly  congested;  many  of  the  red  cells  are  invaded  by  the  plasmodia 
which  are  often  in  the  segmenting  stage.  There  is  a  very  active  phago- 
cytosis by  the  macrophages  present,  often  so  extensive  as  to  include  the 
red  cells  with  their  contained  parasites. 

In  the  chronic  cases  the  patient  may  become  extremely  anaemic  with 
nucleated  red  cells  in  the  blood  and  a  great  reduction  in  the  number  of 
eiythroblasts.  The  spleen  is  greatly  enlarged,  the  capsule  thickened  and 
adherent  to  the  surrounding  tissues.  The  cut  section  of  the  organ  is  of 
a  dark  brown  or  slaty  black  from  the  deposit  of  pigment.  The  Mal- 
pighian bodies  are  well  marked.  The  fibrous-tissue  trabecuke  are 
thickened,  as  is  the  reticulum  of  the  pulp;  the  pulp  cells  are  pigmented. 
The  liver  shows  a  marked  pigmentation,  especially  in  the  endothelium 
of  the  capillaries  and  in  the  so-called  perivascular  cells  described  by 
Kupffer,  while  occasionally  there  is  a  moderate  amount  of  new  connec- 
tive tissue,  which,  however,  does  not  follow,  as  a  rule,  the  anatomical 
distribution  of  the  connective  tissue  in  the  usual  atrophic  cirrhosis.  In 
chronic  poisoning  the  kidneys  may  show  a  chronic  diffuse  nephritis.  The 
bone  marrow  may  remain  fairly  normal  except  for  the  deposition  of  pig- 
ment, or  there  may  be  seen  a  marked  hyperplasia  with  replacement  of 
the  normal  fatty  marrow  of  the  shafts  of  the  long  bones  with  red  marrow 
containing  normoblasts  or  even  megaloblasts  if  the  disease  has  been 
long-continued  and  severe. 

The  Excitant  of  Malaria. 

The  excitant  of  the  disease  long  known  clinically  as  malaria  is  a  small 
animal  parasite,  the  Plasmodium  malaricBy  which  enters  the  red  corpuscles^ 

^  While  it  is  generally  known  that  a  few  of  the  parasites  adhere  to  the  outer  surface  of  the  red  cells, 
the  theory  of  Rowley  Latpson  (Jour.  Exper.  Med.,  1914,  xix,  450),  that  the  parasites  are  alwasrs  external 
to  the  red  cells,  has  received  little  or  no  acceptance. 
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of  the  blood  and  in  the  course  of  its  development  destroys  them.  The 
destruction  of  each  cell  is  coincident  with  the  maturation  of  its  con- 
tained parasite,  a  phenomenon  which  is  also  coincident  with  the  clinical 
appearance  of  the  chill  and  its  accompanying  fever.  ^ 

These  parasites  of  the  red  cell  are  protozoa  belonging  to  a  special 
sub-group,  the  hcemosporidia.  For  purposes  of  description  these  haemo- 
sporidia  of  human  malaria  may  be  classified  into  three  species  or  types, 
each  of  which  incites  a  dififerent  clinical  form  of  disease  and  each  of 
which  also  dififers  from  the  other  types  in  its  morphology.  These  types 
are  the  tertian,  the  quartan,  and  the  sestivo-autumnal  parasites. 

Tertian  and  Quartan  Types. — If  the  blood  of  a  patient  suffering  from 
tertian  fever  be  examined  shortly  after  a  chill,  a  number  of  the  red 
cells  will  be  found  to  contain  small,  highly  refractile,  actively  amoe- 
boid bodies  which  are  the  early  forms  of  the  plasmodia  or  merozoites. 
The  latter  often  take  the  form  of  small  rings  surrounding  a  central  clear 
space  especially  well  seen  in  stained  specimens  (Plate  L,  Figs.  1-4).  If 
the  blood  be  examined  some  hours  later,  the  small  forms  have  grown 
and  small  brown  or  black  granules  will  be  noted  in  the  body  of  the  Plas- 
modium, having  a  very  rapid  motion  inside  the  body  of  the  parasite.  If 
the  blood  be  examined  at  the  end  of  forty-eight  hours  the  organism  may 
be  seen  to  have  grown  so  large  as  to  occupy  nearly  the  whole  of  the  red 
cell  (Plate  I.,  Figs.  5-12),  which  becomes  somewhat  swollen  and  pale, 
the  latter  effect  being  due  to  the  destruction  of  the  haemoglobin  of  the 
cell  by  the  parasite,  which  thus  produces  the  pigment  granules  of  melanin 
with  which  it  is  filled.  The  pigment  now  occupies  the  centre  of  the  organ- 
ism, which  has  ceased  its  active  amoeboid  motion.  Now  small  pale  spots, 
which  are  the  nuclei  of  the  segmenting  mature  form,  become  easily  visible 
(Plate  L,  Fig.  16),  and  finally  the  red  cell  bursts,  and  the  small  merozoites, 
each  containing  a  nucleus,  are  set  free  to  enter  other  red  cells  and  to 
repeat  the  cycle.  A  certain  portion  of  the  free  merozoites  are  destroyed 
by  the  phagocytic  leucocytes  and  other  cells.  The  free  pigment  left  after 
the  segmentation  of  the  mature  forms  is  also  collected  by  these  phago- 
cytes. Thus  after  severe  and  prolonged  attacks  of  malaria  the  leucocytes 
are  frequently  filled  with  pigment. 

The  quartan  organism  goes  through  a  cycle  similar  to  that  of  the 
tertian,  except  that  the  time  required  is  seventy-two  instead  of  forty- 
eight  hours.  There  are  also  a  few  minor  differences  in  the  morphological 
appearance  of  the  two  organisms.  Thus  the  small  early  amcBboid 
forms  of  the  Plasmodium  are  much  more  active  in  their  movements  in 
the  tertian  than  in  the  quartan.  The  pigment  in  the  tertian  is  very 
fine;  in  the  quartan  it  is  often  in  small  blocks  or  rods  and  is  much  coarser 
(Plate  I.,  Figs.  22-25).  The  mass  of  segmenting  merozoites  in  the 
tertian  organism  is  quite  irregular  in  shape  and  contains  from  fifteen  to 
twenty  individuals,  while  that  of  the  quartan  is  a  regular  rosette  in 
shape  and  the  merozoites  average  from  six  to  twelve  (Plate  I.,  Figs. 
26-28). 

*  For  cultivation  of  the  parasite  see  Baas,  Jour.  Am.  M.  Assoc,  1912,  lix.,  936. 
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JEstiyo-autumnal  Type. — The  parasite  of  the  sestivo-autumnal  fever 
develops  in  the  blood  in  much  the  same  way  as  the  other  forms,  with 
the  exception  that  the  amoeboid  rings  are,  as  a  rule,  smaller.  The 
signet-ring  shape  is  more  marked,  and  the  pigment  is  less  abundant 
(Plate  I.,  Figs.  31-34).  Another  peculiarity  of  this  organism  is  that 
the  development  of  the  larger  amoeboid  forms  takes  place  chiefly  in  the 
bone-marrow  and  the  spleen,  while  that  of  the  tertian  and  quartan  is  to 
be  seen  in  the  blood.  Thus  as  soon  as  the  Plasmodium  of  the  sestivo- 
autumnal  type  has  grown  sufl&ciently  to  occupy  about  one-fourth  of 
the  red  cell,  it  disappears  from  the  peripheral  blood  and  can  be  found 
developing  in  the  blood  obtained  by  puncture  of  the  spleen,  or,  in  fatal 
cases,  from  the  bone-marrow  (Plate  I.,  Figs.  35,  36).  In  such  prepara- 
tions the  mature  plasmodia  may  be  found  and  the  segmenting  process 
followed  (Plate  I.,  Figs.  37-39).  The  organism  is  not  as  large  as  the 
tertian,  as  the  segmenting  form  usually  occupies  only  about  one-half 
of  the  somewhat  shrunken  red  corpuscle.  The  number  of  merozoites 
formed  is  about  fifteen.  The  time  of  the  developmental  cycle  in  the 
blood  is  forty-eight  hours. 

In  the  blood  of  a  patient  infected  with  the  aestivo-autumnal  parasite, 
there  are  always  found  within  a  few  days  after  the  beginning  of  the 
disease  a  moderate  number  of  crescent-shaped  bodies  with  pigmented 
centres  and  the  remnant  of  a  red  cell  about  them  (Plate  I.,  Figs.  43,  44). 
They  are  devoid  of  amoeboid  motion.  The  exact  nature  of  these  cres- 
centic  bodies  was  quite  unknown  until  very  recently,  when  it  was  dis- 
covered that  they  are  cells  with  sexual  capabilities,  whose  function 
seems  to  be  the  prolongation  of  the  species  in  a  cycle  outside  of  the  human 
body.  It  had  long  been  known  that  certain  of  the  large  mature  amoe- 
boid forms  of  the  tertian  and  quartan  organisms  and  the  crescents  of 
the  aestivo-autumnal  species  did  not  undergo  segmentation  into  mero- 
zoites, but  remained  circulating  in  the  blood.  When,  however,  the 
blood  containing  these  forms  was  examined  in  a  fresh  condition  on  a 
slide,  and  especially  if  the  blood  before  being  covered  was  allowed  to 
remain  in  a  moist  chamber  for  a  few  minutes,  changes  could  be  seen  to 
take  place  which  had  not  been  observed  in  perfectly  fresh  preparations. 
Certain  of  the  mature  organisms  set  free  long,  actively  motile  flagella 
which  entered  other  mature  forms.  In  stained  preparations  it  could  be 
seen  that  each  flagellum  contained  some  of  the  nuclear  chromatin  of 
the  organism  from  which  it  arose,  and  that  this  flagellar  chromatin 
united  with  the  chromatin  of  the  body  which  the  flagellum  entered. 
The  crescentic  forms  under  suitable  conditions  go  through  the  same 
process,  the  male  crescent  giving  off  flagella,  one  of  which  in  turn  fer- 
tilizes another  crescent  of  slightly  different  morphology. 

Evidently  this  is  a  sexual  process,  and  its  occurrence  only  in  blood 
which  has  been  drawn  from  the  body  suggested  the  probability  that 
under  ordinary  circumstances  it  takes  place  outside  the  human  host. 
The  truth  of  this  conjecture  has  recently  been  established,  and  the  proc- 
ess of  fertilization  and  maturation  of  the  fertilized  organism  has  been 
found  to  occur  in  the  stomach  of  a  particular  genus  of  mosquito,  the 
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Anopheles.  No  other  type  of  mosquito  is  capable,  according  to  our 
present  knowledge,  of  acting  as  host  to  the  Plasmodium  of  human  malaria, 
though  the  organism  which  induces  malaria  in  birds  can  develop  in  a 
mosquito  of  the  genus  Culex.  Whether  the  Plasmodium  can  carry  out 
its  sexual  cycle  under  other  conditions  than  in  the  stomach  of  the 
Anopheles  is  as  yet  unknown.  If  an  Anopheles  bites  a  patient  with 
malaria,  the  blood  with  its  contained  organisms  is  drawn  into  the  stom- 
ach of  the  mosquito,  the  flagella  are  given  off  from  the  gametes  and  enter 
other  mature  forms  and  fertilize  them.  The  fertilized  organism  goes 
through  a  complicated  development,  and  the  resulting  sporozoite  finds 
its  way  in  the  course  of  a  few  weeks  to  the  salivary  glands  of  the  mos- 
quito host,  to  be  injected  into  the  blood  of  the  next  person  bitten. 
The  sporozoites  enter  the  red  cells,  becoming  the  small  amoeboid  forms 
or  merozoites  already  described.^ 

The  details  of  the  process  of  fertilization  and  the  formation  of  the 
sexual  cells  which  are  capable  of  carrying  on  the  cycle  in  the  mosquito 
have  been  best  observed  in  the  sestivo-autumnal  fevers,  so  that  the 
stages  will  be  here  described  in  connection  with  the  development  of  the 
crescent  gametes.  These  crescents  are  formed  chiefly  in  the  bone 
marrow  from  the  small  ovoid,  intracellular  bodies,  which  can  early  in 
their  development  be  distinguished  from  the  ordinary  amoeboid  forms 
by  their  more  abundant  coarse  pigment  and  oval  outline. 

The  adult  crescents  are  quite  constantly  present  in  well-developed 
cases,  and  are  often  found  in  the  blood  after  treatment  with  quinine  has 
caused  the  disappearance  of  the  amoeboid  bodies,  the  power  of  resisting 
the  action  of  drugs  being  much  more  marked  in  the  crescents  than  in 
any  other  form  of  the  Plasmodium.  Two  types  may  be  distinguished, 
both  of  which  begin  as  small  amoeboid  forms  and  gradually  mature  into 
oval  or  crescentic  organisms.  One  of  these,  the  microgametocytes,  or 
the  cells  producing  the  male  elements,  develops  and  gives  off  the  flagel- 
lum  (microgametes) ;  the  other,  the  macrogametes  (female  elements), 
neither  form  nor  give  off  flagella.  According  to  Marchiafava  and  Big- 
nami^  the  microgametocytes  are  distinguished  from  the  macrogametes 
by  the  fact  that  in  the  former  (the  male  form)  the  pigment  is  gathered 
in  a  fairly  compact  mass  in  the  middle  of  the  crescent,  the  chromatin 
is  more  abundant,  and  the  entire  body  stains  faintly;  while  in  the  female 
form,  the  pigment  surrounds  the  rather  scanty  nuclear  chromatin  in 
a  ring  form,  the  cell  body  stains  deeply,  and  no  flagella  are  given  off. 
The  crescents  in  the  fresh  blood  show  no  amoeboid  motion,  and  even  the 
pigment  is  motionless.  They  are  either  crescentic  in  form  with  the 
pigment  collected  at  the  centre,  or  they  may  be  spindle-shaped  with 
somewhat  scattered  pigment,  or  finally  short,  thick  ovoid  bodies  with 
pigment  irregularly  scattered  or  more  frequently  gathered  into  a  ring 
about  the  nucleus.  They  are  all  contained  in  red  blood  cells  (endo- 
globular) ,  the  faint  remnant  of  the  red  cell  often  being  seen  as  a  delicate 
line  stretching  between  the  two  horns  of  the  crescent. 

1  For  details  of  the  process  see  Schattdinnt  Arbeiten  aus  dem  Kaia.  Gesundheitsamte,  1902,  p.  169. 
*  Other  observers  claim  that  the  pigment  in  the  male  forms  is  scattered  tiiroughout  the  Plasmodium. 


Description  of  Plate  I. 


Hsematozoa  of  Tertian  Malaria. 

Figs.     1  to  4 Small  ring-shaped  merozoites  of  tertian  malaria;  2  and  3,  multiple 

invasion  of  a  single  red  cell. 

"       5  to  12 Amoeboid  forms  of  gradually  increasing  size. 

Fig.     13 Large  amoeboid  form  in  which  the  pigment  is  beginning  to  collect 

as  a  preliminary  to  segmentation. 

''     14 Pigment  still  more  clumped,  and  the  pale  areas  representing  nuclei 

begin  to  be  marked. 

15 Segmenting  form  with  an  irregular  mass  of  merozoites. 

16 More   symmetrical   type   of   segmentation   with  central  block  of 

pigment. 

"     17 Free  merozoites  after  leaving  the  red  cell. 

**     18 Gamete. 

"      19 Microgametocyte  with  flagella  or  microgametes. 

Hflsmatozoa  of  Quartan  Malaria. 


tt 


Figs.  20  and  21 .  .Small  ring  form  of  merozoites. 

"     22  to  25 Amoeboid  forms  with  coarse  pigment. 

"     26  to  28 Segmenting  forms. 

"     29 Gamete. 

"     30 Microgametocyte  with    microgametes  in  the  process  of  formation. 

Hsematozoa  of  iEstivo-Autumnal  Malaria. 

Figs.  31  to  34 Small  ring  forms,  some  of  them  on  the  surface  of  the  corpuscle;  32 

and  33,  multiple  invasion  of  the  red  cell. 
35  and  36.  .Amoeboid  forms  found  in  the  peripheral  circulation. 

37  to  39 Large  amoeboid  forms  and  segmenting  parasites  found  only  very 

rarely  in  the  peripheral  circulation,  but  abundantly  in  the  spleen 
and  bone  marrow. 

40  to  42 Young  crescentic  forms  not  found  in  the  peripheral  circulation, 

but  chiefly  in  the  bone  marrow. 
"     43  and  44.  .Adult  crescents  or  gametes,  found  abundantly  in  the  peripheral 

blood. 
"     45  and  46 . .  Microgametocytes  becoming  oval  and  preparing  to  give  oflf  microga- 
metes. 
Fig.    47 Microgametocyte  giving  off  microgametes. 


tt 
tt 


tt 


-> 


•  • 


0 


:*.- 


•iJ 


ii 


\b 


IF. 


17. 


1". 


19. 


ILvm:itozna   of  TtTliaii    Malaiici. 


-^ 


.'•--  >^ 


27. 


2-^. 


?^ 


rt» 


H.LnKi!o7.):i  of   ()nartan    Malaiia. 


:•- 


f- 


t^S. 


U, 


N". 


47 


Ha-matozMa   of  A(  sti\o-.\i:;!iinii,Ll    ^[,.laria, 


a:» 


3 


5. 


6. 


7. 


t    ■ 
f-  * 


»    » 


»-. » 


10. 


r. 


1?, 


13. 


1  +. 


:v 


.V 


,  « 


s  *. 


>-t 


:'\ 


2  \. 


25 


26 


3: 


32. 


33 


34. 


3 'J 


s>b 


37 


.1^ 


v. 


sir 


-0. 


41 


42 


4i. 


4J. 


THE    INFECTIOUS    DISEASES  315 

The  formation  of  flagella  (microgametes)  does  not  take  place  in 
the  circulating  blood;  it  begins  only  after  the  blood  has  remained  on 
a  slide  for  a  few  minutes  or  has  remained  for  some  time  in  the  stomach 
of  the  mosquito.  These  flagella,  usually  about  four  in  number,  bud  out 
from  the  periphery  of  one  of  the  microgametocytes,  which  has  assumed 
a  spherical  instead  of  a  crescent  shape,  and  grow  to  a  length  of  three  to 
five  times  the  diameter  of  the  red  cell.  They  are  either  pointed  or 
bulbous  at  their  extremities,  or  they  present  swellings  at  irregular  inter- 
vals. Their  motion  in  warm-stage  preparation  is  rather  rapid,  and  they 
finally  become  detached  and  move  about  free  in  the  serum  (Plate  I., 
Figs.  45,  46, 47).  The  pigment  during  this  process  usually  remains  at  the 
centre  of  the  spherical  microgametocyte  and  is  actively  motile,  but  in 
preparations  stained  to  show  the  nuclear  chromatin  the  latter  may  be 
seen  to  penetrate  the  flagella  in  the  form  of  long  thin  rods  which  remain 
after  the  flagella  become  detached.  The  shell  of  the  red  cell  in  which 
the  crescent  has  developed  can  rarely  be  seen  in  fresh  preparations  of 
the  flagellate  forms.  These  flagella  penetrate  the  body  of  one  of  the 
macrogametes  present  on  the  slide  and  fertilize  it. 

This  process,  which  we  have  followed  in  an  artificial  preparation, 
seems  necessary  for  the  continuance  of  the  race,  and  is  normally  carried 
out  in  the  middle  intestine  of  the  mosquito  of  the  genus  Anopheles. 
The  actual  entry  of  the  microgamete  (spermatozoon)  into  the  macro- 
gamete  has  been  observed  by  MacCallum*  and  others  in  fresh-blood 
preparations. 

If  a  patient  in  whose  blood  mature  crescents  are  present  is  bitten  by 
the  mosquito,  the  parasites  develop  in  the  intestine  of  the  insect,  and  at 
the  end  of  two  days  the  fertilized  forms  may  be  found  adherent  to  the 
wall  of  the  intestine  as  small  pigmented  oval  bodies  quite  similar  to  the 
early  forms  of  the  crescents  developing  in  the  human  bone  marrow. 
Two  days  later  the  parasites  or  oocysts  are  much  larger  and  have  a  dis- 
tinct capsule,  while  by  the  sixth  day  they  may  measure  from  60  to  80 
fi  in  diameter.  They  contain  numerous  small  particles  which  are  nuclei 
due  to  the  frequent  division  of  the  original  nuclear  material,  and  the 
capsule  is  much  thicker.  At  the  end  of  a  week  the  parasite  contains  a 
large  number  of  slender  thread-like  rods  with  pointed  extremities,  each 
one  of  these  rods  having  nuclear  chromatin.  The  parasite  or  oocyst 
projects  through  the  wall  of  the  intestine  into  the  coelom  cavity  of  the 
mosquito  host,  and  when  it  ruptures  these  minute  rods  or  sporozoites 
are  carried  by  the  lymph  currents  to  the  salivary  glands,  from  which 
they  may  be  injected  with  the  saliva  when  the  female  Anopheles  bites 
another  subject. 

The  sporozoites,  after  entering  the  circulation  of  man,  attack  the 
I'ed  cells,  and  become  the  small  amoeboid  forms  described  above.  In 
two  or  three  weeks  the  formation  of  the  gametes  takes  place,  and  the 
crescent  forms  appear  in  the  blood. 

That  the  infection  of  man  in  this  way  is  possible  has  been  abundantly 

^  MaeCaUumy  '*  On  the  Hsmatoxoan  Infections  of  Birds,"  Jour,  of  Exp.  Med.,  voL  iii.,  1898.  pi 
n7. 
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proven  by  allowing  mosquitoes  infected  with  SBstivo-autumnal  organisms 
to  bite  healthy  persons,  who,  after  a  period  of  incubation  of  about  ten 
days,  are  seized  with  an  aestivo-autumnal  type  of  fever,  and  the  char- 
acteristic organisms,  though  not  present  previously,  are  now  to  be 
found  in  the  blood.  The  mature  forms  of  gametes  of  the  tertian  and 
quartan  fevers  undergo  a  course  of  development  very  similar  to  that  of 
the  SBstivo-autumnal  fever,  and  are  derived  from  the  blood  of  the  infected 
patient  by  the  female  of  the  same  genus  of  mosquito,  the  Anopheles 
(Plate  I.,  Figs.  19  and  30).  The  sporozoites  find  their  way  to  the  sali- 
vary glands  of  the  mosquito  and  enter  the  blood  of  the  person  infected 
while  the  Anopheles  is  biting.  These  sporozoites  then  enter  the  red 
cells  as  the  small  amoeboid  forms  and  carry  on  the  sexual  cycle  in  the 
blood  until  either  the  tissues  of  the  body  finally  overcome  the  parasite, 
or  treatment  with  quinine  destroys  the  merozoites  by  means  of  its  toxic 
action  on  these  immature  forms.  ^ 

Methods  of  Examination  of  the  Blood  in  llalaria. 

There  are  two  methods  of  examining  the  blood  for  plasmodia,  in  fresh  preparations 
and  in  stained  smears.  Both  require  considerable  training,  as  the  artefacts  product 
by  imperfect  technique  have  often  been  mistaken  for  organisms. 

The  Examination  op  Fresh  Blood. — To  examine  the  fresh  blood,  a  puncture 
is  made  in  the  pulp  of  the  finger  and  a  perfectly  clean  cover-glass  just  touched  to  the 
top  of  the  drop  of  blood  which  exudes  from  the  puncture.  The  cover  is  then  dropped 
without  pressure  on  a  clean  slide.  The  diameter  of  the  drop  on  the  cover-glass  should 
never  exceed  2  mm.,  because  if  more  be  taken  the  corpuscles  cannot  spread  out  in  a 
perfectly  thin  layer,  but  will  overlap  each  other  and  the  preparation  will  be  useless. 
The  search  for  the  organism  should  be  made  with  a  one-twelfth  oil-immersion  lens  and 
a  moderate  illumination.  The  organisms  are  best  recognized  by  the  actively  motile 
pigment  in  the  clear,  highly  refractile  cell  body. 

The  Examination  of  Blood  After  Fixation. — If  the  examination  cannot  be 
made  at  once,  stained  preparations  may  be  made.  The  smear  should  be  made  on  a 
slide  or  large  cover-glass.  It  is  best  fixed  in  strong  methyl  alcohol  for  three  minutes. 
The  organisms  are  most  satisfactorily  demonstrated  by  stains  which  color  the  chro- 
matin as  well  as  the  protoplasm.  For  this  purpose  a  very  satisfactory  stain  is  that 
devised  by  Giemsa.'  The  staining  solution  contains  azure  eosin  and  azure  II  dissolved 
in  glycerin  and  methyl  alcohol.  It  is  difficult  to  prepare  and  had  best  be  bought  from 
Grubler.     It  must  be  kept  in  tightly  stoppered  bottles. 

In  order  to  stain  a  fijced  blood  smear,  a  dilution  of  the  stock  solution  is  made  by 
adding  1  drop  of  the  dye  to  1  c.c.  of  distilled  water.  If  the  smear  is  on  a  cover-glass, 
10  c.c.  of  the  dilution  should  be  placed  in  a  shallow  dish  and  the  cover  floated,  blood 
side  down,  on  the  mixture.  For  staining  slides  a  Coplin  jar  is  convenient.  As  this 
holds  about  50  c.c,  50  drops  of  the  concentrated  stain  should  be  added  slowly  to  the 
water  with  constant  stirring  with  a  glass  rod.  The  slides  are  left  for  an  hour,  then 
washed  with  a  strong  stream  of  water,  dried  in  the  air  without  heat,  and  mounted 
and  examined.  If  intended  for  permanent  preservation  they  should  be  embedded  in  a 
neutral  gum  dammar  dissolved  in  xylol.     Slides  more  than  a  few  days  old  do  not  stain 

^  A  general  bibliography  of  malaria  to  1895  is  contained  in  the  excellent  monograph  of  Thayer  and 
Hewet9on,  "The  Malarial  Fevers  of  Baltimore,"  Johns  Hopkins  Hosp.  Rep.,  vol.  v.,  1895.  The  more 
recent  literature,  especially  that  relating  to  the  development  of  the  organisms  in  tiie  mosquito,  >■  io 
Marchiafava  and  Biffnami,  article  "Malaria"  in  "Twentieth  Century  Practice,"  New  York,  1900, 
and  also  Liihe,  "  Neuere  Sporosoenforschung,"  Centralbl.  f.  Bakt.,  Bd.  xxvii.,  pp.  367  and  436,  and  Bd. 
xxviii.,  p.  384,  1900.  For  a  study  of  structure  and  biology  of  Anopheles  see  NuttaU  and  Shijiley,  Jour, 
of  Hyg.,  vol.  i.,  p.  4,  1901.  For  practical  directions  for  the  identification  and  study  of  mosquitoes  a« 
Alcock,  Entomology  for  Medical  OflBces,  London,  1911. 

«  Giemaa,  Centralbl.  f.  Bakt.,  I  Abt.  Orig.,  1904,  xxxviii.,  308. 
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well.  After  a  year  it  is  necessary  to  use  a  more  dilute  stain  and  afterward  decolorize 
with  distilled  water  or  even  methyl  alcohol,  as  the  blue  component  overstains  all  the 
cells. 

By  adding  an  equal  volume  of  pure  methyl  alcohol  to  the  stock  solution  of  the 
Giemsa  stain,  it  is  possible  not  only  to  shorten  the  time,  but  also  to  avoid  separate 
fixation  of  blood  smears.^ 

The  blood  smear  is  placed  in  a  Petri  dish  and  10  to  15  drops  of  this  new  mixture 
are  placed  on  the  slide  and  allowed  to  act  for  half  a  minute.  About  10  to  15  c.c.  of 
distilled  water  are  poured  into  the  Petri  dish  and  the  whole  is  agitated  until  the  stain 
is  thoroughly  diffused  through  the  entire  fluid.  The  slide  remains  in  this  mixture  for 
five  minutes.     A  longer  period  increases  the  intensity  of  the  stain. 

A  simpler  method  has  recently  been  published,'  which  is  better  adapted  for  clinical 
work.  The  smear  is  fixed  for  two  minutes  or  more  in  methyl  alcohol,  then  stained  for 
ten  seconds  with  a  1  : 1,000  aqueous  eosin  solution,  the  latter  allowed  to  run  off  the 
slide,  and  the  smear  again  covered  with  a  few  drops  of  a  1/4-per-cent.  solution  of 
methylene  azure  I.  In  about  from  ^ve  to  fifteen  minutes  the  staining  is  complete. 
The  slide  should  be  washed  in  distilled  water,  dried,  and  examined  directly  with  an 
oil-immersion  lens,  no  cover-glass  being  necessary. 

WHOOPING^OUGH.     (Pertussis.) 

Whooping-cough  is  a  readily  communicable,  infectious  disease 
usually  associated  with  catarrhal  inflammation  of  the  upper  respiratory 
passages.  It  may  be  complicated  by  bronchitis  or  pneumonia.  Hyper- 
plasia of  the  lymph-nodes  of  the  laryngeal  and  bronchial  districts  may 
occur.     Immunity  is  usually  secured  by  an  attack. 

The  organism  described  by  Bordet  and  Gengou^  seems  most  probably 
to  be  the  specific  agent.  This  organism  is  a  small,  ovoid,  short  bacillus 
showing  irregular  staining.  It  stains  with  some  difficulty,  requiring  the 
use  of  dilute  carbol-f uchsin  or  other  strong  stains  to  color  it  satisfactorily. 

Mallory*  has  shown  that  the  bacilli  can  be  demonstrated  in  large 
numbers  lying  among  the  cilia  of  the  tracheal  and  bronchial  mucosa. 
The  disease  can  be  transmitted  to  young  dogs  and  monkeys,  with  the  pro- 
duction of  the  same  lesions;  and  a  complement  fixation  can  be  demon- 
strated between  the  organs  and  the  blood  of  infected  animals  and  of 
children  suffering  from  whooping-cough. 

The  poles  often  stain  more  deeply  than  the  centres.  The  bacillus  is 
negative  to  Gram.  The  organism  is  grown  only  with  difficulty  and  upon 
a  special  medium  of  glycerinated  extract  of  potato  to  which  has  been 
added  an  equal  volume  of  sterile  defibrinated  rabbit  or  human  blood. 
The  organism  is  strictly  aerobic  and  in  ascitic  broth  may  remain  alive 
for  some  months.*  Bordet  and  Gengou  report  that  a  specific  comple- 
ment fixation  can  be  obtained  in  the  serum  of  patients  suffering  from 
the  disease. 

ACUTE  RHEUMATISM. 

While  the  excitant  of  acute  rheumatism  is  unknown,  there  is  much 
reason  to  believe  that  some  phases  of  it  at  least  should  be  classed  among 

*  Gtemta^  MOnchen.  med.  Wchnschr.,  1910,  Ivii.,  2476. 

*  Wood,  Medical  News.  vol.  Ixxxiii.,  p.  248,  1903. 

*  Bordet  and  Gengou^  Ann.  de  I'lnst.  Pasteur,  1906.  xx.,  731. 

«  MaBory  and  Homer,  Jour.  Med.  Research,  1912,  N.  S.  xxii.,  115;  Mallory,  Homor,  and  Henderson, 
ibid..  1913.  N.  S.  xxii.,  391. 

*  WolUtein,  Jour.  Exper.  Med.,  1909,  xi.,  41. 
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the  infectious  diseases.  There  are  no  characteristic  lesions;  but  various 
joints  are  frequently  the  seat  of  slight  exudative  inflammation,  serous 
or  fibrinous  in  character.  Albuminous  degeneration  of  the  visceral 
cells  with  hyperplasia  of  the  spleen  has  been  noted.  The  disease  is  not 
infrequently  complicated  by  endocarditis  or  pericarditis,  by  exudative 
inflammation  of  the  lungs  or  pleura.  Various  micro-organisms  have 
been  found  in  the  body  in  acute  rheumatism;  of  these  the  pyogenic 
cocci  have  been  most  frequently  isolated,  but  these  are  probably  to 
be  regarded  only  as  excitants  of  the  suppurative  or  other  complications. 
It  is  possible  that  more  than  one  form  of  infection  is  embraced  under  the 
designation  rheumatism.^ 

BERI-BERI. 

Beri-beri  is  a  disease  of  warm  climates,  due  to  the  use  of  rice  from  which  the  hulls 
have  been  removed.  These  contain  a  substance  called  a  vitamine,  which  is  apparently 
a  simple  organic  compound.  If  the  disease  is  not  too  far  advanced  it  can  be  cured 
by  adding  fresh  meat  to  the  dietary.*  The  lesions  are  often  not  well  defined.  There 
are  in  some  cases  subcutaneous  oedema  and  dropsy.  There  is  often  degeneration  of 
the  peripheral  nerves  and  of  the  heart  and  voluntary  muscle. 

PELLAGRA. 

Pellagra  is  a  disease  especially  of  the  rural  districts,  long  prevalent  in  Europe,  and 
now  of  serious  extent  and  import  in  the  southeastern  portions  of  the  United  States, 
It  is  characterized  by  protean  symptoms  and  lesions  of  the  nervous,  digesti^'e,  and 
cutaneous  systems,  such  as  neurasthenia,  ataxias  and  paralyses;  erythema  and 
dermatitis;  and  profound  disturbances  of  nutrition.  It  is  not  communicable,  nor  is 
evidence  at  hand  that  it  is  infectious.  Its  inciting  agents  or  factors  are  not  definitely 
known.  But  unbalanced  food  ration,  some  toxic  substance  or  organism  in  the  spoiled 
maize  or  Indian  corn,  which  is  often  an  important  feature  in  the  dietary  of  those 
affected,  and  many  other  factors  and  agencies  are  current  in  accounting  for  pellagra.* 

INFECTIOUS  DISEASES  OF  UNKNOWN  ORIGIN. 

Protozoa. — Notwithstanding  the  great  increase  in  our  knowledge  of  infection 
within  the  past  few  years,  there  are  still  several  diseases  obviously  of  this  class  whose 
inciting  factors  are  unknown  to  us.  We  are  now  beginning  to  realize  that  we  must 
not  confine  our  search  in  this  class  of  diseases  to  the  bacteria  alone;  but  that  among 
the  protozoa  may  be  found  most  important  infective  agents.  In  this  latter  group  of 
organisms  the  culture  methods  applicable  to  the  bacteria  do  not  furnish  the  necessary 
data  for  the  establishment  of  etiological  relationships.  While  the  pathogenic  signi- 
ficance of  the  malarial  protozoan  has  been  determined  without  cultures,  and  has 

>  For  summary  and  studies  of  etiology  of  acute  rheumatism  see  Co/e,  Jour.  Inf.  Dis.,  vol.  i.,  p.  714; 
1904;  Beattie,  Jour.  Med.  Res.,  vol.  xiv.,  p.  399,  1906;  Frissell,  Med.  Record,  vol.  ]xix.,  p.  737,  1906, 
bibl.:  Meakins,  Med.  and  Surg.  Repts.  Presbyterian  Hospital,  N.  Y.,  viii.,  1908.  For  a  study  of  tbemib- 
miliary  myocardial  nodules  of  Aschoff,  most  frequently  found  in  the  walls  of  the  left  ventricle  in 
rheumatic  infection,  see  Thalhimer  and  Rothschild,  Jour.  Exper.  Med.,  1914,  xix*,  417  (bibl.).  Seesbo 
for  bibl.  of  infective  agents,  ibid.,  p.  429. 

«  Vedder,  Beri-beri,  New  York,  1913;  Funk,  Die  Vitamine,  Wiesbaden,  1914. 

»  See  the  books  of  Niles,  1912  and  of  Roberta,  1912,  on  Pellagra  for  summaries  and  bibl.;  »1« 
r£6um6  by  Baitholow,  N.  Y.  Med.  Jour.  vol.  xcviii.,  p.  1262,  1913;  and  First  Report  of  the Thompeon-Mc- 
Fadden  Pellagra  Commission  of  the  N.Y.  Post-Graduate  Medical  School  by  SQer  and  Qarriaon,  Am. 
Jour.  Med.  Sci.  vol.  cxlvi.,  pp.  42  and  238.  1913. 

For  r^sumS  and  bibl.  of  experimental  work  see  Bailey  and  Miller,  "  Text-book  of  Embiyology." 
1909. 
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become  probable  on  morphological  grounds  in  several  other  diseases,  the  desirability 
of  artificial  culture  methods  in  the  study  of  protozoa  is  daily  becoming  clearer.  But 
it  is  well  to  remember  that  many  protozoa  pass  through  complex  life  cycles  so  that 
simple  cultures  cannot  be  expected  to  yield  as  illuminating  results  as  do  cultures  of  the 
more  lowly  organized  bacteria  and  yeasts. 

Ultra-microscopic  Micro-organisms. — In  the  search  for  the  inciting  agents  of 
infectious  diseases  which  have  as  yet  baffled  investigation,  it  should  be  borne  in  mind 
that  it  is  quite  possible  that  bacterial  and  other  micro-organisms  may  exist  which  are 
ultra-microscopic;  that  is,  so  small  as  to  be  invisible  with  such  microscopic  resources 
as  we  at  present  possess.  In  one  instance,  the  infectious  peripneumonia  of  cattle, 
Nocard  and  Houx  by  a  special  technique^  have  been  able  to  isolate  an  organism  so 
small  that  its  morphological  characters  could  not  be  learned  even  with  the  highest 
available  magnification.  Experiments  with  the  filtration  of  infectious  material, 
especially  from  certain  communicable  diseases  of  animals,  through  porcelain  filters 
whose  pores  are  so  fine  as  to  retain  ordinary  bacteria,  have  shown  that  the  infective 
agent  may  pass  these  filters  and,  though  revealing  no  morphological  elements,  is  still 
virulent.  Among  the  more  important  of  the  ultramicroscopic  infective  agents  which 
have  been  found  to  pass  the  pores  of  porcelain  filters  are  those  inciting  contagious 
pleuro-pneumonia  of  cattle,  anterior  poliomyelitis,  yellow  fever;  foot-and-mouth  dis- 
ease and  rinderpest  of  cattle.  The  possibility  of  the  existence  of  ultra-microscopic 
organisms  must  then  be  held  in  mind  in  our  summaries  of  infectious  diseases 
whose  inciting  factors,  though  persistently  sought,  are  still  unknown.^ 

THE  INFECTIOUS  DISEASES  OF  ANIMALS. 

The  study  of  comparative  pathology  is  of  great  and  increasing  importance,  and 
already  much  light  has  been  thrown  on  the  nature  of  human  diseases  by  the  study  of 
the  diseases  of  the  lower  animals. 

The  scope  of  this  book  does  not  permit  of  more  than  an  occasional  reference  to 
animal  diseases,  but  the  reader  may  consult:  Moore,  "The  Pathology  of  the  Infectious 
Diseases  of  Animals,"  1906;  Nocard  and  Leclainche,  "Les  Maladies  Microbiennes  des 
Animaux,"  Paris,  1898,  and  Frieberger  and  Frohner,  "Lehrbuch  der  speciellen  Path- 
ologie  und  Therapie  der  Hausthiere,'*  1896;  also  Kitty  "Text-book  of  Comparative 
General  Pathology,"  Eng.  Trans,  by  Smith  and  Cadhuryy  1906. 

BIBLIOGRAPHY  OF  THE  INFECTIOUS  DISEASES. 

For  a  fuller  treatment  of  the  themes  considered  in  this  chapter  the  reader  may  con- 
sult among  the  larger  works: 

KoUe  and  Wassermanny  "Handbuch  der  Mikroorganismen,*'  3d  edition,  1908-13. 

KoUe  and  Hetsch,  "  Experimentelle  Bakteriologie  u.  d.  Infectionskrankheiten,'* 
1906.    Gives  exceUent  summaries. 

Among  the  smaller  works  may  be  mentioned : 

His8  and  Zinsser y  "Text-book  of  Bacteriology,"  1914.  This  admirable  work  pre- 
sents a  concise  but  comprehensive  epitome  of  modern  bacteriology,  especially  in 
those  aspects  which  are  of  practical  value  to  students  and  practitioners  of  medicine. 

Park  and  Williams,  "Pathogenic  Bacteria  and  Protozoa,"  1910.  Presents  impor- 
tant hygienic  and  public-health  aspects  of  the  subject. 

1  For  a  description  of  collodium  sacs  used  in  the  study  of  ultra-microscopic  organisms,  agglutina- 
tioo,  and  for  other  purposes  see  McCrae,  Jour.  Exp.  Med.,  vol.  v.,  p.  635,  1900;  also  Rosenau,  **  Labora- 
tory Technique,"  Bull.  No.  7,  Hygienic  Labty.,  U.  S.  Marine  Hosp.  Ser.,  1902. 

'  For  a  summary  of  investigations  on  infectious  diseases  of  unknown  origin  see  Hektoen,  Jour.  Am. 
Med.  AssD.,  vol.  xli.,  pp.  405  and  493, 1903;  see  also  Roux,  "  Invisible  Microbes,"  Bull,  de  I'lnst.  Pasteur, 
tomei.,  1903.  pp.  7  and  49,  bibl.;  see  also  Wolbach,  Jour.  Med.  Research,  1912,  N.  S.  xxii.,  1. 


CHAPTER  X. 

MALFORMATIONS. 

General  Considerations. 

The  classification  of  malformations  is  difficult,  both  because  of  the 
complexities  of  development  not  yet  wholly  understood,  and  because 
of  our  ignorance  of  many  subtle  phases  of  nutrition  and  inheritance  in 
general.  We  shall  here  attempt  little  more  than  a  catalogue  of  some  of 
the  more  striking  or  common  developmental  defects,  with  a  suggestion 
of  grouping  for  convenience  rather  than  for  scientific  accuracy.* 

The  individual  may  be  subject  to  abnormal  conditions  during  embry- 
onic life  which  lead  to  changes  analogous  to  those  which  the  body  may 
suffer  from  injuries  after  birth.  But  these  various  lesions  are  compli- 
cated in  the  embryo  by  the  fact  that  it  is  in  a  state  of  active  growth  and 
development,  so  that  even  slight  injuries  to  the  embryo  may  result  in 
malformations  of  the  most  extreme  character,  especially  when  the 
injuries  are  inflicted  in  the  earlier  periods  of  its  life. 

Among  the  abnormal  and  harmful  conditions  to  which  the  embryo 
may  be  subjected  may  be  mentioned  first  those  which  relate  to  the 
mother,  such  as  infectious  or  other  diseases,  disturbances  of  nutrition, 
psychic  impressions,  etc.  To  these  may  be  added  local  interference 
with  development,  such  as  pressure  upon  the  uterus,  circulatory  and 
other  disturbances  of  the  placenta  and  membranes,  an  abnormal  accu- 
mulation of  amniotic  fluid,  adhesions  between  the  embryo  and  the 
membranes  of  the  placenta,  as  well  as  various  forms  of  trauma. 

On  the  other  hand,  there  are  many  abnormalities  in  development 
which  must  be  referred  back  to  inherited  defects  transmitted  through 
the  maternal  or  paternal  cells. 

While  one  may  catalogue  in  a  general  way  many  of  the  conditions 
leading  to  malformations,  the  rationale  of  the  process  in  many  instances 
is  still  obscure.  In  recent  times  much  light  has  been  thrown  on  the 
subject  by  a  host  of  experimental  studies  on  the  ova  of  the  lower  animals 
by  shaking,  dissection,  and  other  mechanical  interferences.  But  into 
this  field  the  scope  of  this  book  does  not  permit  us  to  enter. 

Many  malformations  are  so  extreme  or  involve  such  vital  organs 
that  extrauterine  life  is  impossible.  Such  are  some  of  the  malformations 
of  the  nervous  system  or  of  the  circulatory  apparatus,  occlusions  of  the 

*  The  reader  is  referred  for  details  to  Thoma,  "Pathology  and  Pathological  Anatomy,"  Eng.  Tmns., 
bibl.,  or  to  other  special  works,  such  as  Marchand,  "  Missbildungen/'  in  Eulenburg's  Real  £ncyIop&<^ 
der  gesammten  Heilkunde,  Bd.  xv.,  1897,  and  SchwaJbe,  "Die  Morphologic  der  Missbildungen  dt» 
Menscben  und  der  Tiere,"  1906  to  1913;  Ballantyne,  Manual  of  Antenatal  Pathology."  1902  and  1904. 
For  a  discussion  of  the  embryological  side,  see  Broman,  Normlae  und  abnorme  Entwicklung  dd 
Menschen,  Wiesbaden,  1911. 
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gastro-intestinal  canal,  etc.  Some  of  the  abnormalities  of  development, 
on  the  other  hand,  while  not  fatal,  predispose  to  disease.  Such  are  the 
embryonal  displacements  of  groups  of  cells  which  predispose  to  tumor 
formation.  It  is  customary  to  speak  of  the  lesser  defects  as  congenital 
anomalies.  Such  are  congenital  angiomata,  nievi,  and  certain  dermoid 
cysts. 

Malformations  may  involve  a  single  individual  or  embryo  or  they 
may  concern  two  or  more,  which  are  variously  united. 

Halfonnatlons  InvoMng  Sin^^e  Individuals.' 

The  types  of  such  malformations  are  various.     Thus,  there  may  be 
a  failure  to  develop  a  part  or  organ.     This  is  called  aplasia  or  agenesia. 
For  example,  the  upper  or  lower  extrem- 
ities may  be  absent  (Fig.  174). 

When  an  organ  or  part  is  formed,  but 
remains  small  or  undeveloped,  we  speak 
of  hypoplasia.  A  common  example  of 
this  is  the  hypoplasia  of  the  aorta  in  the 
status  lymphaticus  (see  p.  439). 

Sometimes  a  part  of  the  body  re- 
mains at  an  early  developmental  stage. 
Under  these  conditions,  however,  the  de- 
velopmental arrest  may  not  involve  ces- 
sation of  growth.  Examples  of  this  form 
of  lesion  are  the  various  hssures  and  clefts 
which  occur  in  the  median  line  or  other 
parts  of  the  body,  due  to  some  interfer- 
ence with  the  closure  of  the  invaginations 
of  the  germinal  layers  which  should  take 
place  at  an  early  ftetal  period — the  me- 
dullary groove,  intestinal  groove,  facial 
and  branchial  clefts. 

From  fissures  in  the  facial  region  arise 
such  malformations  as  absence  of  the 
whole  or  parts  of  the  face  (Fig.  175), 
various  forms  of  harelip  (Fig.  176),  etc. 
Defects  of  closure  in  the  cervical  and 
thoracic  region  lead  to  many  forms  of 
fissures,  fiatuke,  cysts,  etc.,  of  the  neck  74  _* 

and  chest,  such  as  the  so-called  branchial  ^i,,,  ^^  ^„  aboent. ' 

cysts,  branchial  fistulse,  auricular  appen- 
dages, tracheal   fistuhe.     The  lower  jaw   may    be    absent    (agnathia). 
Under  these  conditions  the  mouth  may  be  represented  by  a  small  opening  ■ 
and  the  ears  are  placed  low  down  and  near  the  median  line  (synotia) 
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(Fig.  177).  There  may  be  fissure  of  the  sternum,  sometimes  with  pro* 
tnision  of  the  thoracic  viscera,  among  others  the  heart — ectopia  cordis. 
Fissure  of  the  diaphragm  may  occur  with  that  of  the  sternum  and  per- 
mit displacement  of  the  abdominal  and  thoracic  viscera.  The  imperfect 
closure  of  the  abdominal  wall  leads  to  various  forms  of  lesions.     Thus 
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there  may  be  a  patent  urachua,  the  formation  of  a  Meckel's  diverticvlum 
{see  p.  667),  umbilical  hernia,  or,  when  there  is  large  deficiency  of  the 
abdominal  wall — complete  abdominal  fissure — there  may  be  prolapse 
of  the  abdominal  viscera  (Fig.  178).  Fissure  of  the  lower  portion  of  the 
abdominal  wall  may  lead  to  prolapse  of  the  bladder,  and  the  bladder 
itself  may  be  fissured  so  that  the  interior  of  the  prolapsed  organ  is 
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exposed — inversio  vesica.     Such   fiBaures   in  the   anterior   median  line 
may  involve  the  urethra,  leading  to  epispadias  or  hypospadias. 

A  failure  of  the  walls  of  the  medullary  groove  in  the  posterior  median 
line  of  the  body  to  fuse  properly  leads  to  significant  malformations  of 
the  central  nervous  system.  This  failure  may  be  complete — cramor- 
rhachisckisia  totalis  (Fig.  179).  There  is  a  wide  irregular  groove  invohini 
the  dorsal  aspect  of  the  head  and  trunk.    In  this  condition,  however. 


the  anterior  portions  of  the  brain,  with  the  nose  and  eyes,  may  be  formed, 
though  distorted. 

But  there  may  be  only  a  partial  failure  in  the  closure  of  the  medullary 
groove,  limited  to  longer  or  shorter  segments,  especially  in  the  cervical 
and  sacral  regions.  Thus  arise  various  forms  of  myelomeningocdt,  u 
which,  the  pressure  from  within  not  being  sustained  by  vertebral  arches, 
often  forces  the  skin  and  underlying  soft  parts  outward  in  the  form  of  a 
pouch  or  sac  (Fig.  180). 

A  local  failure  in  the  closure  of  the  anterior  portion  of  the  medullary 
groove  may  lead  to  many  malformations  of  the  brain — cranioschiM' 
hemicephalia,  acrania — and  to  various  forms  of  meningocele.    1^"^  "' 
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fissures  of  the  skull  there  may  be  prolapee  of  parts  of  the  brain  and  its 
membranes,  forming  with  the  enclosing  skin  pendent  pouches  of  various 
forma — encephalomeningocele  {Fig.  181).  The  vault  of  the  skull  may 
be  absent,  and  on  the  base  there  may  be  small  amounts  of  brain  substance, 
or  this  may  be  entirely  absent — aneTicephalia  (Fig.  182).  For  the 
details  of  these  lesions  we  must  refer  to  the  chapter  on  the  Nervous 
System  and  to  special  works  on  malformations. 

In  many  of  the  developmental  lesions  of  the  brain,  the  anterior 
parts,  especially  the  optic  vesicles  and  the  olfactory  bulbs,  are  often 


A  ikilun  to  cloH  of  the  medullicy  crrwvs  nloiii  a  portion  of  the  poaterior  median  line. 

but  little  affected.  But  we  may  note  here  one  of  the  striking  mal- 
formations which  results  in  the  fusing  of  the  eyes  into  one  placed  in 
the  forehead  near  the  median  line.  This  condition  is  called  synopk- 
thalmia  or  cyclopia  (see  p.  927). 

Finally,  there  may  be  an  arrest  of  development,  more  or  less  com- 
plete, of  the  brain  or  some  of  its  parts — micrencepkalus. 

In  one  phase  of  malformation  involving  single  individuals,  paired 
organs  may  be  grown  together,  for  example  in  the  so-called  "horse- 
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shoe  kidney"  (Fig.  183).  Or  single  organs  may  retain  lobular  forms 
belonging  to  an  early  period  of  life — tabulated  kidney. 

There  may  be  supernumerary  parts,  such  as  fingers,  toes,  etc.,  or 
organs — spleen,  adrenals,  lungs,  pancreas.  There  may  be  fusion  of 
fingers  and  toes,  frequently  involving  all  of  the  extremities.  Various 
congenital  malformations  commonly  due  to  arrest  of  development  are 
exemplified  in  the  diverse  phases  of  "club-foot" — talipes — and  "club- 
hand " — talipomanus. 

Fcetal  structures  which  in  the  normal  development  should  make  vay 
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for  adult  organs  may  persist.     Thus  the  urachus,  the  Wolffian  ducts, 
parts  of  the  branchial  clefts,  may  remain. 

Through  adhesions  of  the  membranes  or  by  abnormal  winding  of 
the  umbilical  cord  about  the  neck  or  the  extremities  {Fig.  184),  partisJ 
decapitation  or  amputation  of  a  limb  may  take  place  {Fig.  185).  So 
also  by  adhesions  of  the  surface  of  the  embryo  and  the  placenta  w 
the  membranes,  various  disturbances  of  growth  may  occur. 
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Nomul  and  Pathological  Conditions  In  which  Two  or  More  Individuals 
Develop  Together. 

Two  or  more  individuals  may  develop  together,  the  bodies  being 
separated  as  in  normal  twins,  triplets,  etc.,  or  the  individuals  being  more 
or  less  closely  joined  or  merged.  This  duplication  may  be  evident,  so 
that  the  nature  of  the  complexity  is  clear;  or  one  of  the  individuals 
may  develop  greatly  in  excess  of  the  other. 


Twins,  Triplets,  etc. — Fregnancies  may  be  complicated  by  the  devel- 
opment in  the  uterus  of  two  or  more  embryos.  These  are  called  twins, 
triplets,  etc.  This  duplication  may  arise  by  the  development  of  separate 
ova  or  the  formation  of  more  than  one  embryo  from  one  ovum. 

Twins  and  triplets  developed  from  one  ovum — homologous  twins — 
are  always  of  the  same  sex;  and  if  both  develop  normally  they  usually 
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closely  resemble  each  other.  But  the  individuals,  if  born  alive,  often 
do  not  develop  equally;  one  may  be  less  well  nourished  than  the  other, 
from  a  dbturbance  of  the  vascular  supply,  for  example. 

One  of  the  twins  may  die  early  in  pregnancy  and  suffer  varying 
degrees  of  degeneration  into  a  shapeless  mass,  or  may  die  later  and  be 
born  prematurely  or  at  the  delivery  of  the  living  twin  {Fig.  186).  Some 
of  these  abortive  forms  are  without  a  heart  or  have  only  a  rudiment 
of  that  organ.  These  are  called  acardiac  monsters  {fceius  acardiacut) 
They  may  consist  of  connective  tissue,  rudimentary  bones,  and  portions 
of  intestine,  and  are  covered  by  skin  with  hair-— ocordiaciw  amorpkut 
Or  there  may  be  a  more  or  less  distinctly  formed  head  without  a  corre 
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sponding  trunk — acardiacus  acormus.  There  may  be  a  fairly  well 
developed  trunk  with  viscera  and  a  rudimentary  heart,  but  no  head— 
acardiacus  acephalus.  Finally,  there  may  be  a  relatively  well  developed 
trunk  with  defective  extremities  and  a  rudimentary  heart — acardiacus 
anceps. 

In  all  of  the  above  duplications  the  fusion  is  confined  to  the  placenta 
and  its  appendages,  the  bodies  of  the  twins  being  separate. 

Double  Monsters  (Honstra  dupUda).— The  union  to  any  considerable 
extent  of  the  embryos  themselves  is  pathological,  and  the  malformation 
are  classified  as  double  monsters. 

In  these  unions  of  twins  there  may  be:  1,  complete  duplication 
of  the  axis  of  the  germinal  area,  so  that  there  is  a  double  development 
of  the  central  nervous  system,  while  the  remaining  parts  are  more  or 
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less  fused;  or,  2,  there  may  be  only  a  partial  duplication  of  the  axis, 
BO  that  either  of  the  head  or  in  the  sacral  region  there  may  be  double 
development,  while  at  the  other  extremity  the  body  is  single.* 

We  shall  now  look  briefly  at  some  of  the  forms  of  double  monsters 
in  which  the  individuals  are  more  or  less  symmetrically  united. 

There  may  be  fusion  of  the  bodies  in  the  thoracic  region.  The 
ensifonn  processes  are  united  by  cartilage,  union  of  the  soft  parts  extend- 
ing  over  the  umbilical  region.     The  thoracic  and  abdominal   cavities 


are  separate.  This  malformation  is  called  xiphopagus.  Such  were 
the  celebrated  Siamese  twins  who  lived  to  the  age  of  sixty-three.  In 
other  cases  there  is  a  common  thoracic  cavity,  usually  with  two  hearts 
and  two  pairs  of  lungs  more  or  less  malformed  (Fig.  187  and  Fig.  188). 
The  abdominal  cavities  may  also  be  united.  Parts  of  the  intestine  may 
be  common  to  both  twins.  These  monsters  are  called  thoracopagus. 
They  do  not  long  survive  birth.     The  fusion  may,  however,  extend 
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Upward  bo  that  two  upper  extremities  may  fuse — tfioracopagua  (nfrro- 
cAius;  or  two  of  the  lower  extremities  may  fuse — Ihoracopagua  bipm; 
or,  finally,  the  fusion  may  embrace  the  head  so  that  the  faces  are  more 
or  leaa  united — prosopotkoracopagtis.  The  cephalic  and  thoracic  regions 
may  remain  separate  while  fusion  takes  place  from  the  umbilicus  to  the 
pelvic  region.  The  spinal  column  is  duplicated  while  there  is  a  commcm 
pelvic  ring — ischiopagus. 

There  may  be  fusion  of  the  otherwise  separate  twins  in  the  cranial 


Fio.  181. — Fonnii,  friTH  Uubilical  Cord  Coiled  Abodnd  ti 


region — craniopagxts.  The  union  is  usually  only  of  the  scalp  and  cranial 
bones. 

The  head  and  the  upper  part  of  the  body  may  be  single,  or  the  head 
alone  may  be  single,  while  the  abdomen  and  pelvis  are  separate.  Tbere 
may  be  four  or  less  lower  extremities.  Such  malformations  are  callw 
dipygi. 

There  may  be  union  of  the  head,  neck,  or  chest,  so  that  there  are  two 
faces  more  or  less  symmetrical  looking  in  opposite  directions— }<">•*''?' 
or  janus. 
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In  cases  in  which  there  is  only  a  partial  duplication  of  the  axis,  this 
may  be  most  marked  at  the  cephalic  or  caudal  extremity.  Thus  may 
be  formed  an  individual  with  duplication  of  the  face — diprosopus.  Thug, 
depending  upon  the  degree  of  duplication,  arise  diprosopus  distomus; 
d.  diophtkalmus;  d.  Iriophtkalmus;  d.  telraophthcdmua.  But  thia  anterior 
duplication  may  extend  to  the  whole  head.  Thus  arise  the  two-headed 
monsters — dicephalus — which   according  to   the  degree   of  duplication 


Fio.  185.— P»BniL  Ihtra-ctbrinb  Ahpdtatioh  or  tb"  L«a. 

of  the  Upper  extremities  are  called  dicephalua  Iribrachius;  dicephalus 
telrtArachius. 

Finally,  the  bodies  are  united  posteriorly  in  the  region  of  the  sacrum 
and  coccyx.  This  malformation  is  called  pygopagus.  The  individuals 
niay  live  for  years. 

In  the  double  malformations  which  we  have  thus  far  coUsidered 
there  has  been  a  more  or  less  symmetrical  development  of  the  physically 
joined  twins.  But  for  various  reasons  it  often  happens  that  one  of  the 
iiuiividuals  is  arrested  in  its  development,  while  the  other  continues. 
fhis  condition  is  analogous  with  that  already  considered  in  which  the 
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arrest  of  development  involved  an  independent  aeardiac  individual 
which  was  not  viable.  But  in  the  present  case  the  arrested  twin  ia 
joined  to  the  other  as  a  part  of  a  living  -organism,  and  its  life  is  thus 
maintained  by  the  more  favored  relative.  Under  these  conditions 
the  more  completely  developed  twin  is  called  the  autosite,  the  arrested 
embryo,  the  parasite  (Fig.  189). 

The  rudimentary  structure,  the  parasite,  may  be  variously  developed. 
It  may  have  extremities,  various  forms  of  tissue,  nerve,  muscle,  intestine, 


id  ia  only  partially  dereloped  and  mummifitd. 


etc.  It  may  be  formed  of  a  jumble  of  tissues  with  cystic  cavities  which 
may  be  lined  with  epithelium.  Its  size  varies;  it  may  be  as  large  as  the 
body  of  the  autosite.  Thus  may  be  formed  the  parasitic  thoracopagus, 
attached  to  the  sternum,  or  the  parasitic  ischiopagus  and  paraMhc 
craniopagus.  So  also  are  foritied  the  epignathus,  in  which  an  aeardiac 
parasitic  rudiment  is  attached  to  the  autosite  in  the  facial  region.     The 
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rudimentary  embryo  may  be  attached  in  the  sacral  region,  formiDg 
sacral  appendages  or  tumors — sacral  leratomata. 

Finally,  the  second  individual  may  be  much  leaa  developed  than 
in  the  cases  which  we  have  thus  far  surveyed,  and  may  be  represented 


only  by  formless  appendages  or  by  inclusions  in  different  parts  of  the 
body,  which  are  made  up  of  various  and  often  complex  tiasuea— fibrous 
tissue,  nerve  tissue,  bone,  teeth,  cartilage,  muscle,  glands.  These  are 
called  teratoids,  dermoids,  fatal  inclusions,  congenital  teratomala.  They 
may  occur  in  the  ovaries,  or  testicles.or  about  the  head,  in  the  medias- 
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tinum,  or    in    the  sacral  region,  and  elsewhere.     They  often  become 
cystic  and  may  give  origin  to  various  forms  of  tumors. 

The  teratomata  are  apparently  derived  either  from  impregnated 
polar  globules  or  more  probably  from  a  portion  of  the  blastoderm  sep- 
arated at  an  early  period  from  the  cell  complex  which  goes  to  form  the 


developing  fcetus.  The  separated  cells  may  long  remain  latent,  ^'^J 
beginning  to  grow  with  the  power  to  form  complex  tissue  and  structure, 
but  only  in  a  jumbled  mass,  embraced  within  or  attached  to  the  developed 
individual.  Some  of  the  teratomata  are  comparatively  simple  in  Btrue- 
ture.  Their  nature  is  often  revealed  by  the  heterologous  character  of 
their  component  structures.  The  ectodermal  elements  are  often  to"^ 
conspicuous  {see  p.  358). 
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We  thus  see  in  summary  of  this  brief  survey  oi  complex  malforma- 
tions in  general  that  under  normal  conditions  two  or  more  individuals 
may  develop  together  in  the  uterus— twins,  triplets,  etc.  Under  patho- 
logical conditions  the  individuals  may  be  more  or  less  united,  forming 
double  monsters.     The  duplex  individuals  may  develop  more  or  less 


symmetrically  with  independent  cerebrospinal  axes  and  various  degrees 
of  union.  Or  the  development  may  be  very  unequal,  so  that  one  is  a 
more  or  less  obvious  appendage  to  the  other.  Finally,  one  of  the  indi- 
viduals may  exist  as  a  mere  complex  rudiment  attached  to  or  within  its 
more  favored  mate. 


CHAPTER  XI. 

TUMORS. 

The  Nature  and  Characters  of  Tumors  in  GeneraL 

The  word  tumor ,  which  was  originally  applied  to  any  swelling,  has 
become  more  and  more  strictly  limited  in  meaning  until  it  is  now  com- 
monly used  to  designate  certain  more  or  less  circumscribed  new  tissue 
growths  or  neoplasms.  But  the  formation  of  new  cells  and  new  tissues 
is  of  such  common  occurrence  under  normal  as  well  as  under  various 
abnormal  conditions  that  it  is  desirable  for  us  to  fix,  if  possible,  upon 
some  features  by  which  the  tissue  growths  called  tumors  may  be  distin- 
guished from  other  normal  or  abnormal  new-formed  tissues.  In  the 
first  place  tumors,  like  all  tissues  formed  in  the  body  after  embryonic 
ife,  are  produced  by  the  proliferation  of  cells  of  normal  types,  each  of 
ts  kind. 

It  would  be  well  in  this  connection  to  remember  that  a  given  cell  of  whatever 
type,  be  it  of  connective  tissue,  muscle,  gland,  or  nerve,  can  fully  maintain  the  char- 
acters of  its  type  only  so  long  as  the  conditions  of  its  life  do  not  greatly  differ  from 
those  under  which  by  adaptation  to  environment  the  type  was  finally  fixed.  The 
characters  of  cells  are  largely  shaped  by  heredity,  and  these  characters  are  maintained 
with  great  tenacity,  but  both  in  form  and  function  cells  may  be  largely  swayed  by 
external  influences.  The  marks  of  departure  from  the  type  in  cells  subjected  to  an 
unusual  environment  may  be  evident  when  expressed  in  form  or  structure,  and  some- 
times in  function,  but  it  is  well  not  to  forget  that  even  our  most  refined  methods  of 
study  of  cells  leave  by  far  the  greater  part  of  their  metabolic  performances  wholly  in 
the  dark,  while  we  seem  as  yet  to  be  only  on  the  threshold  of  knowledge  of  their 
structural  details. 

These  considerations  are  especially  important  in  the  study  of  tumors  as  of  all 
new  tissue  formations,  because  the  key  ta  our  understanding  of  these  lies  largely  in 
the  appreciation  of  the  fact  that  every  cell  in  the  dififerentiated  tissues  comes  from  a 
cell  of  the  same  type.  But  this,  which  is  sometimes  called  the  principle  of  legitimate 
succession  in  cells,  assumes  that  the  conditions  under  which  the  life  of  the  new  cell  is 
maintained  shall  not  depart  too  widely  from  the  normal,  that  is,  the  usual.  The 
bearing  of  this  limitation  will  be  evident  as  we  proceed  in  our  study  of  tumors. 

The  capacity  for  cell  proliferation  is  most  marked  in  the  embryo  and 
during  the  earlier  periods  of  individual  life.  When  the  body  attains  its 
development,  the  power  of  cell  reproduction,  as  we  have  seen  (see 
Regeneration,  p.  64),  is  largely  limited  to  special  forms  of  tissues,  such 
as  connective  tissue,  the  blood,  and  certain  kinds  of  epithelium.  This 
constant  normal  regeneration  makes  good  the  wear  and  tear  of  normal 
cell  life.  But  here  the  capacity  for  multiplication  in  the  cells  is  closely 
confined  to  the  requirements  of  the  body.  A  definite  physiological  con- 
trol is  evident,  similar  in  character  to  that  under  which  in  normal  develop- 
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ment  the  amount  of  new  tissue  is  limited  and  its  adaptation  to  the 
organism  as  a  whole  secured. 

Under  normal  conditions,  furthermore,  there  may  be  a  very  large 
new  formation  of  tissue  under  special  physiological  excitation,  as  in  the 
mammary  gland  and  the  uterus  in  pregnancy.  But  here  also  the  char- 
acter and  amount  and  the  functional  capacity  of  the  new  tissue  are 
strictly  limited  and  subservient  to  the  welfare  of  the  individual. 

Let  us  now  turn  from  these  normal  new  tissues  to  those  which  are 
abnormal.  We  have  already  seen,  especially  in  our  study  of  inflamma- 
tion, that  new  tissues  may  form  even  in  considerable  amount  under 
abnormal  conditions,  such  as  injury  with  subsequent  repair;  degenera- 
tions and  destruction  of  parenchyma,  prolonged  hyperaemia,  and  in 
compensatory  hypertrophies.  But  under  these  various  conditions  also 
the  tissue  growth  is  local,  approximately  typical  in  structure,  usually 
limited  in  amount,  and  in  most  cases  appears  measurably  to  accord  in 
nature  and  distribution  with  the  maintenance  of  the  structural  integrity 
and  general  welfare  of  the  individual.  The  new  tissue,  in  other  words, 
maintains  under  these  varied  conditions  a  definitely  co-ordinated 
relationship  to  the  body  as  a  whole. 

While  it  is  as  yet  impossible  to  define  tumors  in  such  a  way  as  abso- 
lutely to  distinguish  them  from  such  other  new  tissue  formations  as  we 
have  just  cited,  they  are  in  general  characterized  by  such  independence 
and  by  such  irregularity  in  growth  both  in  structure  and  extent;  by 
such  a  lack  of  relationship  to  the  functional  requirements  of  the  indi- 
vidual;^ by  such  an  emancipation  from  that  subtle  physiological  restraint 
which  limits  cell  growth  and  proliferation  in  the  normal  body,  and  in  . 
the  new  tissue  formation  in  repair,  that  their  distinguishing  character 
is  perhaps  best  indicated  by  the  word  autonomy ,  or  by  the  more  striking 
suggestions  of  the  term  cell-anarchy. 

The  autonomous  or  independent  character  of  tumors,  as  has  been 
very  clearly  formulated  by  Thoma,  is  especially  manifested  in  the  dis- 
tinct limitation  of  the  growth  at  the  start;  in  the  tendency  to  variation 
in  the  structural  type;  in  various  functional  aberrations  of  the  new  cells; 
in  their  interference  by  compression  or  otherwise  with  adjacent  parts; 
in  their  proneness  to  multiply  through  local  or  distant  transplantation 
of  cells;  and  finally,  in  their  liability  to  various  forms  of  degeneration  and 
necrosis.  Furthermore,  the  independent  character  of  tumors  is  marked 
by  the  fact  that  the  characteristic  cells  forming  the  tumor  are  the  prog- 
eny of  the  earlier  cells  in  which  the  tumor  starts,  so  that  the  tissues 
in  which  the  tumor  may  be  placed  share  only  in  a  secondary  way  in  its 
structure.  But  tumors  are  of  course  dependent  for  their  nutrition  upon 
the  general  blood  supply  and  upon  the  suitable  conditions  for  growth 
which  their  situation  among  other  tissues  alone  makes  possible. 

The  reason  why  we  cannot  more  accurately  characterize  tumors  in 
distinction  from  other  new  tissue  formations  is  chiefly  because  we  do  not 

>  An  example  of  a  certain  ph3^iological  independence  in  tumors  is  seen  in  lipomata,  in  which  a 
lAjge  amount  of  fat  tissue  may  persist  ia  an  ill-nourished  individual  whose  fat  has  otherv^'ise  almost 
wholly  disappeared;  or  in  myoma ta  of  an  extremely  atrophied  uterus. 
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yet  know  what  are  their  immediate  excitants.  To  this  subject  we  shall 
presently  return,  but  we  must  first  look  at  the  general  characters  of 
tumors. 

Tissue  Types  in  Tumors. — Tumors,  as  we  have  seen,  are  composed  of 
the  same  types  of  tissue  as  those  normally  existing  in  the  body,  and  from 
the  latter  they  are  derived  by  a  proliferation  of  pre-existing  cells.  Thus, 
tumors  of  the  connective-tissue  type  originate  in  connective-tissue  cells, 
of  the  epithelial-tissue  type  in  epithelium,  of  muscle  in  muscle,  etc. 

While  the  general  types  of  tissue  are  maintained  in  tumors,  there  are 
many  more  or  less  well-defined  departures  from  these.  It  should  be 
remembered  that  the  formation  and  maintenance  of  typical  cell  forms, 
and  of  typical  topography  in  organs,  are  closely  dependent  upon  many 
factors,  for  example  upon  mechanical  pressure,  nutritive  conditions, 
relationship  to  surrounding  parts,  nerve  relations,  and  many  others. 
But  under  the  conditions  in  which  tumors  grow,  all  these  factors  may 
suffer  most  significant  disturbances,  so  that  the  shape,  size,  structure, 
and  mutual  relationship  of  cells,  their  grouping,  gland  types,  and  various 
functional  characters,  may  suffer  such  modifications  that  great  diflS- 
culties  are  often  encountered  in  the  attempt  to  classify  tumors  in  accord- 
ance with  the  established  tissue  types.  Tumor  cells  also  depart  from 
the  type  in  that  they  often  represent  embryonic  or  reversion  forms. 

Tumors  are  not  only  analogous  to  the  normal  tissues  of  the  body  in 
structure,  but  their  life  history  is  manifested  under  the  same  general 
laws  of  nutrition,  growth,  reproduction,  etc.  They  are  supplied  with 
blood-vessels  which  grow  into  them  from  adjacent  healthy  parts,  just  as 
^  these  do,  for  example,  into  granulation  tissue,  so  that  they  may  finally 
possess  a  more  or  less  independent  vascular  system. 

The  blood-vessels,  however,  especially  of  rapidly  growing  tumors, 
are  in  many  respects  atypical  and  not  as  sharply  differentiated  into 
arteries,  veins,  and  capillaries  as  are  the  vessels  of  normal  tissues.  Many 
vessels  with  wide  lumina  have  thin  walls,  with  few  muscle  or  elastic 
fibres  in  them.  Thus  the  blood-vessel  system  of  such  tumors  is  often 
made  up  of  an  irregular  meshwork  of  vascular  trunks,  which  in  their  ' 
branchings,  anastomoses,  width  of  lumen,  and  thickness  and  structure 
of  their  walls  are  quite  abnormal,  and  in  which  the  blood  is  conveyed 
in  most  unsystematic  fashion  from  its  diverse  entrance  channels  to  its 
irregular  exits.  The  cells,  especially  of  malignant  tumors,  often  grow 
much  more  rapidly  and  are  larger  in  the  vicinity  of  blood-vessels  than  else- 
where (Fig.  203) .     Tumors  have  lymph- vessels,  and  some  of  them  nerves.^ 

The  intercellular  framework  of  tumors  may  be  in  a  measure  fur- 
nished by  the'  connective  tissue  of  the  part  in  which  they  grow.  The 
tissues  by  which  tumors  are  connected  with  surrounding  parts  or  are 
more  or  less  definitely  encapsulated,  most  commonly  originate  from 
without.  The  tumor  in  many  instances  bears  the  relationship  of  a 
foreign  body  to  its  surroundings,  and  a  reaction  to  its  presence  is  incited, 
quite  analogous  with  that  which  we  have  already  seen  in  the  case  of 
alien  substances  in  an  earlier  chapter. 

*  For  a  study  of  nerves  in  tumors  see  Young,  Jour.  Exper.  Med.,  vol.  ii.,  p.  I,  1897,  bibL 


While  the  cell  divisions  by  which  tumors  grow  exhibit  In  general  the 
same  minute  phenomena  as  does  cell  division  in  normal  tissues  (see  p. 
66),  abnormal  mitosis  is  fre(|uent.  Thus  it  may  be  multipolar;  the 
chromatic  substance  may 
present  great  irregularity 
in  form  and  amount  (Fig. 
42,  p.  67);  there  may  be 
incomplete  nuclear  divi- 
sion, or  the  new  nuclei  may 
vary  in  size  and  form. 
While  all  these  abnormali- 
ties may  occur  in  other  new 
tissue  formations  and  may 
be  experimentally  incited, 
they  are  unusually  frequent 
in  certain  tumors  and  mark 
one   of  the  ways  in  which 

the    lawlessness   of   tumor     P'"-  i«>.— mcltiplb  N00C11.AH  sibcohata  or  thk  Skin. 
growths  is  manifested. 

Degenerative  and  Destructive  Processes  in  Tumors. — Tumor  tissues 
are  subject  to  the  same  degenerative  changes  as  other  tissues;  they  may 
become  fatty  or  calcified,  ulcerated,  gangrenous,  pigmented,  etc.     By 


necrosis  a  tumor  may  be  largely  destroyed,  though  complete  obliteration 
rarely  occurs  in  this  way.  They  are  liable  to  undergo  the  ordinary  in- 
flammatory changes,  granulation  tissue  may  form  in  them,  and  abscesses 
and  cicatrices. 
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The  rapidity  of  growth  of  tumors  varies  greatly;  some  grow  very 
slowly  indeed  and  may  change  but  imperceptibly  in  size  and  appearance 
for  years,  while  others  grow  so  fast  that  tljey  do  not  acquire  solidity,  and 
their  elements  remain  in  an  incompletely  developed  condition  and  are 
thus  more  liable  to  destructive  changes  than  are  normal  tissues.     In 
healthy  tissues  the  blood-vessels  are  supported  by  surrounding  elements, 
which    aid   them   in   sustaining 
the  blood  pressure  from  within. 
In  rapidly  growing  tumors  this 
external  support  is  often  lack- 
ing, and,  as  the  walls  of  the 
blood-vessels     are     themselves 
often  badly  formed,  the  result 
is  that  the  walls  are  apt  to  be- 
come   pouched    or    aneurism al, 
and  they  often  burst,  giving  rise 
to  larger  or  smaller  interstitial 


Shape,  Size,  and  Modes  of 
Ezteoston  of  Tumors. — Tumoia 
have  various  shapes:  nodular, 
tuberous,  fungoid,  polypoid, 
papillary,  dendritic,  lobulated, 
etc.  (see  Figs.  190,  191,  192). 

Tumors  may  occur  singly  or 
in  greater  or  less  numbers  in  the 
same  or  in  ditTerent  parts  of 
the  body.  If  they  be  multiple 
they  may  have  occurred  simul- 
taneously or  at  different  times 
as  independent  structures.  Or, 
multiple  tumors  may  occur  as 
the  result  of  the  dissemination 
in  the  body,  from  a  primary 
tumor,  of  cells  which  form  a 
starting-point  for  new  tumors. 
Many  tumors  are  sharply  cir- 
cumscribed, may  be  even  encap- 
sulated, and  influence  surround- 
ing parts  only  by  the  pressure  which  they  exert  upon  them.  In  this 
way  they  may  cause  displacement,  atrophy,  or  necrosis;  they  may,  by 
pressure  on  neighboring  vessels,  induce  (edema,  thrombosis,  etc.;  they 
may  in  the  same  way  lead  to  dislocation  and  caries  of  bones.  But 
tumors  may  damage  their  surrounding  tissues  by  the  phagocytic  action 
of  their  cells,  by  the  products  of  their  perverted  metabolism,  imperfect 
secretions  or  degenerative  material,  or  directly  as  foreign  bodies.  Thus 
various  phases  of  inflammation  and  tissue  destruction  may  occur  in 
the  neighborhood.     Leucocytes  may  enter  the   tumor  from   without. 
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and   through  these  and  other  phagocytes  the  tumor  tissue  itself  may 
sufTer  damage. 

Tumors  may  grow  largely  by  increase  of  elements  within  them,  thus 
Bimply  expanding;  this  is  caJled  cetitral  or  expansive  growth.  They  may 
grow  in  part  or  largely  at  the  surface — peripheral  growth.  In  this  case 
the  growth  may  be  a  direct,  continuous  enlargement  of  the  mass  at  or 
near  the  periphery,  the  tumor  tissue  growing  in  among  the  surrounding 
parts.  In  this  case  certain  tumor  cells,  especially  those  of  the  connective- 
tissue  type,  may  "emigrate"  and  may  act  as  phagocytes.  This  is  called 
infiltrating  peripheral  growth.  On  the  other  hand,  peripheral  growth 
may  take  place  by  the  formation  of  secondary  nodules  near  the  primary 
growth,  which,  gradually  enlarging,  finally  coalesce  with  the  latter, 
forming  a  part  of  the  nodular  tumor.  This  mode  of  enlargement  is 
called  discontinuoiiS  peripheral  growth,  and  is  due  to  the  dissemination 
of  cells  from  the  mother  tumor  into  the  adjacent  tissue  through  the 
blood-  or  lymph-channels  and  their  proliferation  at  the  points  of  lodg- 
ment. This  dissemination  may  occur  by  the  agency  of  blood  or  lymph 
currents  or  by  the  amoeboid  movements  of  the  cells.  Those  new  cells 
formed  in  tumors  which  are  characteristic  of  the  growth  are,  it  should  be 
remembered,  all  descendants  of  the  cells  in  which  the  neoplasm  starts  and 
maintain  their  general  type.  But  the  old  tissue  of  the  part  in  which  the 
tumor  grows  may  remain  with  its  vessels  and  form  a  matrix  whose  in- 
terstices are  filled  with  the  new  tumor  tissue;  or  the  old  tissue  may 
furnish  the  starting-point  for  a  new 
growth  of  a  fibrous  and  vascular  nutrient 
and  sustaining  stroma. 

Metastasis  of  Tumors. — All  tumors 
are  not  limited,  as  we  have  seen,  to  that 
part  or  region  of  the  body  in  which  they 
first  occur.  Sooner  or  later  secondary 
nodules  resembling  the  first  may  be 
found  in  distant  parts  of  the  body,  some- 
times singly,  sometimes  in  great  num- 
bers. These  may  grow  like  the  parent 
tumor,  and  themselves  form  foci  for  new 

disseminations.  Fio.  193.— a  tdhob-ckll  emboldb 

This  dissemination  of  tumors  is  one      °r«  ^oL^H^r^iH^IIi^oM^S 
of  the  important  elements  of  malignancy,      thk  Mauma. 
ind  is  called  metastasis,  the  secondary 

tumors  being  called  metastaiic  tumors.  Metastasis  usually  occurs  by  the 
transportation  of  tumor  cells  through  the  blood  or  lymph  channels  (Fig. 
193).  Since  the  tumor  itself  may  contain  new  and  badly  formed  blood- 
and  lymph- vessels,  and  its  structures  be  in  close  contact  with  the  vessels 
of  the  tissue  in  which  it  grows,  the  cells  of  the  primary  tumor  may,  by 
ulceration  through  or  by  atrophy  of  the  walls,  readily  find  their  way  into 
the  lumen  of  the  vessels  and  be  swept  away  by  currents  as  emboli,  and, 
finding  lodgment,  proliferate  and  grow,  forming  secondary  tumors;  or 
the  proliferation  may  occur  in  the  vascular  endothelium  itself,  when  the 
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formation  of  emboli  is  easy  to  understand.  When  carried  through  the 
lymph-vessels  the  tumor  cells  may  for  some  time  be  kept  from  the  larger 
channels  and  from  general  dissemination  by  lodgment  in  the  lymph- 
nodes,  where  they  may  establish  independent  tumors. 

The  tumors  in  which  metastasis  most  frequently  occurs  are,  as  a 
rule,  those  which  grow  rapidly,  are  vascular  and  succulent,  and  contain 
many  cells  in  proportion  to  their  sustaining  connective  or  indifferent 
tissues.  The  parts  of  the  body  in  which  metastatic  tumors  are  most 
apt  to  form  depend,  of  course,  upon  the  situation  of  the  primary  tumor 
and  the  distribution  of  the  vascular  channels  through  which  dissemina- 
tion occurs  in  accordance  with  the  general  principles  of  embolism. 
Another  form  of  metastasis  is  seen  in  the  dissemination  of  tumors  over 
serous  surfaces,  the  peritoneum  for  example,  in  which  the  mode  of  dis- 
tribution from  a  primary  ulcerating  tumor  ,may  be  obvious.  An  inter- 
esting example  of  this  type  of  metastasis  is  the  frequent  bilateral  oc- 
currence in  the  ovary  of  metastatic  carcinomata  originating  from  the 
mucous  membrane  of  the  stomach.  In  many  of  these  cases  no  macro- 
scopic growths  can  be  found  on  the  surface  of  the  peritoneum  and  the 
tumor  in  the  gastric  mucous  membrane  may  be  very  small,  although 
the  ovary  shows  extensive  involvement.  The  possibility  of  implanta- 
tion of  tumor  cells  upon  the  skin  or  mucous  membranes  should  also  be 
mentioned. 

Metastasis  affords  one  of  the  most  noteworthy  examples  of  the  great 
proliferative  capacity  of  the  cells  of  malignant  tumors.  For  in  the 
metastasis  of  normal  tissue  cells,  such  as  not  infrequently  occurs  after 
injuries  to  the  bones  or  the  liver,  for  example — the  so-called  parenchyma- 
cell  emboli — the  transported  cells  usually  soon  die  and  are  disposed  of  as 
foreign  bodies.  But  the  exalted  proliferative  capacity  of  detached 
tumor  cells  enables  them,  in  spite  of  adverse  conditions,  to  establish  and 
maintain  fresh  foci  of  vigorous  tissue  growth.^ 

The  Malignancy  of  Tumors. — Not  less  variable  than  the  size,  mode  of 
growth,  and  structure  of  tumors  is  their  significance  in  the  organism. 
It  is  customary  to  classify  tumors,  for  practical  purposes,  as  malignant 
and  benign  J  and  for  a  long  time  malignant  tumor  and  cancer  or  carcinoma 
were  synonymous  terms.  Now  we  know  that  other  tumors  as  well  as 
carcinomata  are  malignant,  and,  furthermore,  contrary  to  the  former 
belief,  that  malignancy  does  not  depend  upon  any  specific  extracellular 
agent  in  the  tumor.  By  the  malignancy  of  a  tumor  is  not  meant  merely 
the  gravity  of  its  presence,  for  a  simple  fat  tumor,  by  pressing  on  the 
trachea,  may  lead  to  suffocation,  and  any  tumor  may  secondarily  cause 
death  by  haemorrhage.  The  more  obvious  marks  of  malignancy  in  a 
tumor  are:  1.  Invasion  of  adjacent  tissues  by  eccentric  or  peripheral 
growth,  2.  The  tendency  to  local  recurrence  after  removal.  3.  The  for- 
mation of  metastases,  4.  An  interference  uith  the  nvirition  and  general 
well-being  of  the  hody^  which  may  give  rise  to  a  condition  knov>n  as  cachexia. 

The  modes  of  invasion  of  surrounding  tissues  and  the  formation  of 

^  For  a  study  of  metastasis  in  histologically  benign  tumors  see  Bomnann,  Ziegler  Beitr.,  Bd.  xL. 
p.  372,  1906. 
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metastases  have  been  considered  above.  The  tendency  to  local  recur- 
rence after  removal  is  probably,  in  most  cases,  due  to  the  incomplete 
removal  of  the  peripheral  infiltrating  cells.  These  may  be  very  few  in 
number  and  lacking  in  characteristic  structural  features,  but  they  are 
none  the  less  endowed  with  the  capacity  of  proliferation  and  develop- 
ment into  a  new  and  similar  tumor  at  or  near  the  seat  of  the  one  extir- 
pated. The  infiltrating  peripheral  cells  may  remain  dormant  for  a  long 
time  after  an  operation,  or  may  immediately  commence  to  grow.  But 
the  mere  fact  that  a  second  tumor  develops  in  the  place  of  one  removed 
does  not  imply  malignancy,  since  this  may  result  from  a  continuance  of 
the  conditions  which  induced  the  first. 

The  drain  upon  the  system  by  the  rapid  growiih  of  a  tumor,  together 
with  the  absorption  from  it  into  the  body  of  deleterious  materials,  from 
sloughing,  ulceration,  and  degeneration,  or  the  occurrence  in  it  of  local 
infection  with  various  micro-organisms  may  give  rise  to  fever  and  other 
constitutional  disturbances.  Or,  the  tumor  may  induce  feebleness, 
amemia,  and  that  general  impairment  of  the  nutritive  functions  of  the 
body  known  as  cachexia.  This  condition  is  frequently  rendered  worse 
by  the  mental  status  of  the  patient  in  the  presence  of  such  a  traditional 
object  of  alarm. 

It  should  be  remembered,  however,  that  so  long  as  they  are  localized 
and  have  not  undergone  degenerative  changes,  even  the  most  malignant 
tumors  do  not  usually  give  rise  to  a  cachexia,  since  the  drain  upon  gen- 
eral nutrition  by  their  simple  growth  is  not,  under  ordinary  conditions, 
very  great.  When  the  system  is  deteriorated  by  the  absorption  of  septic 
materials  from  tissue  degeneration,  however,  this  may  become  a  very 
important  factor. 

This  condition  of  cachexia,  with  our  present  knowledge,  so  evidently 
secondary  to  the  growth  and  degeneration  of  the  tumor,  was  formerly 
termed  a  dyscrasia  or  diathesis,  and  was  supposed  to  precede  and  induce 
the  growth  of  malignant  tumors,  particularly  cancers. 

It  will  be  seen  from  what  has  been  said  about  malignancy  in  tumors 
that  the  distinction  between  the  malignant  and  the  benign,  while  of 
great  practical  importance,  is  not  fundamental,  since  the  elements  of 
malignancy  are  largely  factors  of  the  mode  and  extent  of  growth,  and 
all  tumors  at  an  early  stage  are  in  a  clinical  sense  benign.  It  is  in  the 
last  analysis  by  their  apparently  almost  unlimited  potency  of  growth 
that  the  malignancy  of  tumors  is  marked.^ 

It  is  finally  to  be  noted  that  the  fragments  of  tumors  which  have 
found  access  to  the  vessels  may  act  as  simple  emboli  leading  to  imme- 
diate death,  or,  if  infected,  may  incite  metastatic  abscesses. 

It  was  formerly  supposed  that  the  cells  of  malignant  tumors^  particularly  of 
carcinomata,  had  a  characteristic  structure  and  appearance,  and  that  by  the  examina- 
tion of  single  or  of  a  few  separated  cells  the  nature  of  the  tumor  could  be  determined. 
From  the  above  considerations  it  will  be  evident,  since  all  tumor  cells  have  their  pro- 
totypes in  the  normal  body,  that  there  is  nothing  pathognomonic  in  the  appearances 
of  single  cells.     It  is  by  a  study  of  the  general  structure  and  of  the  topography  of 

*  See  potency  of  growth  in  transplanted  tumors,  p.  354. 
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tumors  as  well  as  of  the  characters  of  the  individual  cells,  that  we  are  enabled  to 
determine  their  nature.  And  even  then  we  must  often  bring  to  our  aid  the  clinical  his- 
tory and  gross  appearances  of  the  growth  before  a  definite  conclusion  can  be  reached. 
We  may  indeed  sometimes,  aided  by  the  clinical  history  or  gross  appearances,  be 
able,  by  microscopical  examination  of  scrapings  from  a  tumor  or  of  fluids  from  an 
internal  cavity  in  which  it  is  growing,  to  form  a  reasonable  conjecture  regarding  ite 
nature.  As  a  rule,  the  peripheral  portions  of  the  more  rapidly  growing  tumors  are 
best  adapted  for  microscopical  examination,  because  here  secondary  degenerative 
changes  are  less  likely  to  have  occurred  than  in  the  central  parts. 

Etiology  of  Tumors. 

The  etiology  of  tumors  is  one  of  the  most  complex  and  in  many  ways 
diflScult  subjects  in  general  pathology,  and  with  the  limitations  which 
the  character  of  this  work  imposes  we  can  touch  only  briefly  upon  some 
of  its  more  important  aspects,  referring  to  more  extended  works  and  to 
monographs  for  a  vast  amount  of  statistical  and  experimental  data. 

General  Conditions  Relating  to  the  Occurrence  and  Growth  of  Tumors. 
— We  shall  first  consider  some  of  the  general  conditions  which  seem 
to  have  a  bearing  upon  the  occurrence  of  tumors. 

Age. — While  it  may  be  said  in  general  that  tumors  are  most  frequent 
in  adult  and  advanced  life,  it  is  noteworthy  that  tumors  of  the  connective- 
tissue  type  are  apt  to  develop  earlier,  while  the  epithelial  tumors  are 
more  frequent  in  the  later  periods.  Thus,  in  one  thousand  and  sixty- 
three  cases  of  epithelial  tumors  analyzed  by  Gallard,  only  six  occurred 
in  the  first  ten  years  of  life.  The  most  common  situation  of  tumors 
dififers  also  in  the  young  and  in  the  old.  Thus,  in  the  earlier  years,  as 
statistics  show,  the  most  frequent  seat  of  tumors  is  the  eyes  and  their 
adnexa,  the  kidneys,  bones,  and  testicles;  whereas  in  adults  and  the 
aged,  the  stomach,  uterus,  liver,  and  mamma  are  most  commonly 
involved.  Carcinoma  of  the  rectum,  however,  is  an  exception,  for  it  is 
relatively  frequent  in  early  life. 

Sex. — Sex  is  also  a  significant  factor  in  the  development  of  tumors, 
especially  of  those  which  are  malignant.  Thus,  in  general,  it  may  be 
said  that  the  statistics  indicate  malignant  tumors  to  be  about  twice  as 
frequent  in  females  as  in  males.  This  proportion,  however,  does  not  hold 
good  for  tumors  of  the  individual  organs.  For  example,  tumors  of  the 
stomach  and  of  the  tongue  and  lips  are  more  frequent  in  men  than  in 
women.  On  the  other  hand,  tumors  of  the  breast  are  far  more  common 
in  women  than  in  men. 

Heredity. — While  the  influence  of  heredity  is  diflScult  to  estimate 
accurately,  there  are  a  few  recorded  instances  of  the  remarkable  preva- 
lence of  malignant  tumors  in  families  within  a  few  generations.  The 
general  facts,  however,  are  not  so  striking.  The  statistics  of  Williams 
showed  that  in  two  hundred  and  thirty-five  cases  of  carcinoma  of  the 
uterus  or  breast,  about  nine  per  cent,  gave  a  history  of  carcinoma  in 
father  or  mother,  while  in  nearly  twenty  per  cent,  there  was  evidence  of 
carcinoma  in  the  family.  In  the  estimates  of  other  observers,  the  heredi- 
tary influence  seemed  evident  in  about  one-third  or  one-fourth  of  the 
cases.     It  is,  however,  instructive  in  this  connection  to  note  that  in  a 
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study  by  Snow  of  seventy-eight  healthy  persons  there  was  evidence  of 
carcinoma  in  the  family  in  about  one-fifth  of  the  cases.  In  the  mouse, 
at  any  rate,  it  has  been  demonstrated  that  animals  of  recent  cancerous 
ancestry  are  more  apt  to  develop  the  disease  than  those  of  less  pro- 
nounced taint  (page  354). 

It  is  clear,  therefore,  that  while  such  statistics  are  suggestive  and  on 
the  whole  indicate  that  an  hereditary  predisposition  to  the  development 
of  tumors  may  exist,  this  does  not  in  any  way  account  for  the  immediate 
incitement  of  the  growth  of  tumors,  and  is  indeed,  as  Men6trier  has  urged, 
but  one  of  many  examples  of  hereditary  predisposition  which  is  observed 
in  many  forms  of  disease,  such  as  infections,  cerebral  apoplexy,  etc. 

The  influence  of  climaiej  food,  race,  and  social  condition  has  been 
invoked  as  bearing  upon  predisposition  to  the  growth  of  tumors;  but 
the  evidence  is  not  convincing  that  these  are  very  significant  in  etiology. 

Local  Predisposing  Factors  in  the  Development  of  Tumors. — When 
we  turn  from  the  general  to  the  local  conditions  bearmg  upon  the  origin 
of  tumors,  we  find  an  imposing  array  of  instances  in  which  tumors,  and 
especially  malignant  tumors,  follow  local  injuries,  either  mechanical  or 
toxic,  or  are  associated  with  chronic  inflammatory  processes.  Bruises 
or  contusions,  particularly  those  involving  the  bones,  are  not  infre- 
quently followed  by  malignant  tumors,  and  it  is  noteworthy  that  these 
tumors  are  most  apt  to  be  of  the  connective-tissue  type — sarcoma, 
osteo-sarcoma,  chondroma,  etc.  Epithelial  tumors,  on  the  other  hand, 
are  more  frequently  developed  at  the  seat  of  repeated  injury  or  long- 
continued  irritation.  Thus,  epitheliomata  are  common  in  the  mouth, 
near  a  rough  ulcerated  tooth,  on  the  lips  of  pipe  smokers,  and  on  the 
abdomen  in  Hindus  owing  to  irritation  produced  by  fire  baskets  which 
they  wear  about  the  body,  at  the  edges  of  chronic  ulcers,  on  the  skin  of 
workers  exposed  to  various  chemical  or  mechanical  irritants,  in  cicatrices, 
at  the  orifices  of  the  stomach  and  at  the  anus.  Finally,  the  frequent 
occurrence  of  carcinoma  of  the  liver  with  cirrhosis,  though  less  easy  of 
interpretation  than  many  instances  of  the  association  of  tumors  with 
chronic  inflammation,  is  worthy  of  notice  in  this  connection. 

Before  concluding  this  brief  survey  of  the  relationships  of  tumors  to 
trauma,  prolonged  irritation,  and  chronic  inflammation,^  it  may  be  wise 
to  remind  the  reader  that  undue  significance  should  not  be  attached  to 
this  occasional  association,  since  in  the  great  majority  of  cases  these 
conditions  are  not  followed  by  tumors,  nor,  furthermore,  has  it  ever  been 
possible  to  induce  genuine  tumors  experimentally  under  these  readily 
secured  conditions  in  animals.  The  bearing  of  trauma  upon  the  origin 
of  tumors  is  to  be  held  in  mind  in  estimating  the  influence  of  sex,  since 
males  are  in  general  more  liable  to  injuries  than  females. 

The  relatively  common  development  of  tumors  in  pigmented  and 
other  naevi  of  the  skin  illustrates  the  significance  of  local  malformations 
as  predisposing  factors  in  the  origin  of  tumors.^ 

.  ^  For  an  interesting  study  of  the  relationship  of  trauma  to  malignant  tumor  formation  see  Brotch, 
Virefaow's  Arch..  Bd.  olxii.,  p.  32.  1900.  bibL 

'It  should  be  remembered  that  many  of  the  complex  tissue  growths  often  reckoned  among  tumors 
and  called  Uratamata  are  really  embryonic  rudiments  of  another  individual.     While  such  rudimentary 
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Several  cases  have  been  recorded  in  which  through  injury  there  has 
been  a  mechanical  displacement  of  cells — heterotojyia — from  which  in 
their  new  situation  tumors  have  developed.  These  cases,  which  have 
been  in  a  measure  paralleled  by  experiments  in  animals,  illustrate  an 
important  class  of  congenital  tumors,  often  cystic  in  character,  which 
arise  from  embryonal  cell  displacement,  or,  as  is  the  case  in  many  of  the 
tumors  of  the  neck  at  the  site  of  the  branchial  clefts,  from  an  imperfect 
closure  of  embryonal  openings. 

Cohnheim's  Hypothesis  of  Superfluous  or  Displaced  Embryonal  Cells.— 
We  have  seen  that  such  evident  malformation  as  the  naevi  of  the  skin 
may  form  the  starting-point  of  malignant  tumors.     We  know  that  in 
many  cases  cells  or  tissues  or  parts  of  organs  displaced  during  embryonal 
life,  as  in  the  branchial  clefts  or  in  the  kidney,  may  later  develop  into 
tumors.     Cohnheim  has  gone  further  than  this  and  framed  an  hypothesis 
to  the  effect  that  all  true  tumors  arise  in  faulty  embryonal  develop- 
ment.    In  accordance  with  this  hypothesis,  cells  which  in  the  course  of 
the  development  of  the  body  may  be  displaced  or  become  superfluous 
or  do  not  undergo  the  usual  differentiation,  may  remain  for  long  periods 
unaltered  but  liable  in  later  life,  from  whatever  reason,  to  commence 
growing  with  all  the  potencies  of  lowly  organized  cells,  in  the  midst  of 
the  mature  tissues.     The  apparent  influence  of  heredity  in  the  occurrence 
of  some  tumors,  the  congenital  nature  and  early  development  of  others, 
their  atypical  structure  in  general,  the  formation  in  one  organ  of  tumors 
of  types  belonging  to  another,  for  example  adrenal  tumors  in  the  kidney, 
and  the  tendency  of  many  forms  to  occur  in  situations  in  which  during 
the  development  of  the  embryo  considerable  complexity  exists,  as  well 
as  their  frequent  primary  multiplicity — all  of  these  characters  of  tumors 
lend  considerable  plausibility  to  Cohnheim 's  hypothesis,  and  it  appears  to 
be  applicable  in  certain  cases.     But  it  still  lacks  a  morphological  basis, 
since  no  one  has  seen  the  postulated,  strayed,  or  dormant  embryonic 
cells;  again,  it  by  no  means  follows  because  tumors  often  develop  at 
the  seat  of  malformations  or  may  arise  in  embryonal  heterotopias  that 
all  tumors  are  thus  associated;  and  finally,  the  frequent  origin  of  epi- 
theliomata  in  cells  which  have  been  formed  in  adult  life,  in  cicatrices, 
for  example,  is  evidence  that  this  hypothesis  is  not  in  any  event  of 
universal  application. 

We  have  now  reviewed  a  series  of  conditions  which  appear  more  or 
less  directly  to  bear  upon  the  development  of  tumors:  general  conditions, 
such  as  age,  sex,  hereditary  influences,  etc.;  local  conditions,  such  as 
congenital  or  acquired  malformations,  injuries,  long-continued  irritation, 
inflammatory  processes,  surplus  or  displaced  embryonal  cells  with 
foetal  potencies  of  growth.  But  when  all  these  are  taken  into  the 
account,  we  do  not  appear  to  have  gained  a  definite  clew  to  the  immediate 
actual  excitant  of  the  new  growths.  Given  any  or  all  of  the  varied 
predisponents,  why  do  the  cells,  which  under  any  of  these  favoring  con- 

• 

embryos  may  be  large  and  present  such  diversity  and  arrangement  of  tissue  as  to  render  the  character 
of  the  growth  obvious,  they  may,  on  the  other  hand,  be  very  simple  in  character,  as  in  some  of  the  00- 
called  dermoid  cysts.     These  are  all  to  be  regarded  rather  as  malformations  than  as  genuine  tumora* 
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ditions  may  have  remained  long  inactive,  and  indeed  usually  do  so, 
presently  begin  to  proliferate  and  continue  this  new  activity  beyond  the 
limitations  of  structural  types  or  physiological  correlation?  It  would 
appear  that  either  there  are  external  excitants  of  cell  growth,  as  yet 
unknown  to  us,  which  suddenly  become  active,  or  else  we  are  face  to 
face  with  the  fundamental  problem  as  to  the  nature  of  the  normal 
physiological  impulses  to  cell  growth  and  proliferation^  and  the  restrain- 
ing influences  to  which  these  are  subject. 

The  Excitants  of  Tumors. — If  now  we  turn  from  the  various  general 
and  local  factors  which  appear  to  influence  the  occurrence  of  tumors 
to  the  views  which  are  held  as  to  the  actual  excitants,  we  find  that  these 
may  in  general  be  grouped  in  two  classes.  The  first  class  of  views 
involves  the  assumption  of  some  form  of  living  micro-organism  capable, 
under  suitable  conditions,  of  inciting  the  body-cells  to  the  proliferative 
capacities  which  are  the  chief  characteristic  of  tumors.  This  is  called 
the  theory  of  the  parasitic  origin  of  tumors.  Those  who  hold  this  view 
regard  the  processes  by  which  tumors  are  formed  as  analogous  with  those 
involved  in  the  infectious  diseases. 

On  the  other  hand,  those  who  hold  the  second  class  of  views  regard- 
ing the  excitants  of  tumors  do  not  believe  that  tumors  of  any  kind, 
even  the  most  malignant,  are  induced  or  perpetuated  by  processes 
analogous  with  those  involved  in  infection,  but  that  the  excitants  to 
tumor  formation  are  to  be  sought  in  the  inherited  and  inherent  potencies 
of  the  body-cells  themselves  set  free  from  their  normal  physiological 
restraints  under  a  variety  of  external  conditions.  This  is  called  the 
theory  of  the  biological  origin  of  tumors  j  or  the  theory  of  intrinsic  excitants 
of  tumors. 

Micro-organisms  as  Excitants  of  Tumors.  Bacteria. — It  is  not  sur- 
prising that  micro-organisms  should  have  been  thought  of  as  possibly 
direct  excitants  of  tumors,  especially  in  view  of  a  certain  crude  analogy 
between  some  phases  of  tumor  growth  and  metastasis  and  some  forms 
of  infection  with  metastasis.  Bacteria  of  many  kinds  have,  in  fact,  been 
frequently  found  in  tumors  of  many  sorts;  but  there  is  no  conclusive 
reason  at  hand  for  the  belief  that  they  are  ever  of  any  direct  significance 
save  as  chance  contaminations  of  vulnerable  tissues  or  as  incitants  of 
secondary  and  complicating  lesions. 

Protozoa. — A  great  deal  has  recently  been  written  about  certain 
structures  which  are  not  infrequently  found  in  or  between  tumor  cells, 
especially  in  the  carcinomata,  which  have  been  hastily  assumed  to  be 
parasites  and  supposed  to  be  protozoa.  These  cell  "inclusions"  ("can- 
cer bodies/'  "Plimmer  bodies,"  "Russell  bodies,"  etc.)  are  for  the  most 
part  larger  or  smaller  rounded  bodies  (Figs.  194  and  195);  with  or  with- 
out nuclei;  sometimes  with  double  contours,  sometimes  not;  usually 
sharply  outlined  against  the  cell  protoplasm  in  which  they  lie;  often 
crowding  the  nucleus  to  one  side,  often  situated  within  the  nucleus,  or 
apparently  replacing  it.  Some  of  them  are  cell  secretions  or  degener- 
ation products,  some  are  invaginated  epithelial  or  other  cells,  or  cell 

1  See  Regeneration,  p.  64. 
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nuclei  which  have  undergone  various  degenerative  metamorphoses, 
fragmentation,  etc.  Some  of  the  questionable  structurea  appear  to  be 
the  metamorphosed  nuclei  of  the  tumor  ceils  themselves.  They  may 
be  single  or  there  may  be  several  in  a  cell.  They  are  especially  common 
in  gland-celled  carcinomata.  Similar  objects  are  to  be  found  in  other 
than  tumor  tissues.  They  are  not  present  in  some  forms  of  carcinoma. 
They  are  readily  stained,  with  varying  degrees  of  intensity,  by  hama- 
toxylin,  eosin,  safranin,  or  fuchsin.  There  is,  in  the  writer's  opinion, 
no  evidence  either  that  these  are  living  organisms  or  that  they  have 
anything  to  do  with  the  origin  of  tumors. 


FiQ.  194— "PmiiMH's  Booiaa"  ra  CancaKOMA  lluuu. 

While  coccidia  or  allied  organisms,  with  which  these  "cancer  bodies" 
have  been  compared,  are  capable  of  inciting  the  growth  of  a  small  amount 
of  new  connective  tissue  and  sometimes  lead  to  hyperplasia'  of  epithe- 
lium, such  growths  are  apparently  inflammatory  in  character,  as  are 
those  other  new  tissue  formations  incited  by  the  tubercle  bacillus,  the 
lepra  bacillus,  etc.,  which  have  sometimes  been  improperly  classed  with 
tumors  and  called  infectious  ffranulomala.  The  reader  is  referred  to 
the  sections  dealing  with  the  nature  of  the  inflammatory  process  in 
general  (p.  81),  and  to  the  introductory  section  in  the  present  chapter 
for  a  review  of  the  difTerencea  in  the  conception  of  the  inflammatory 
processes  and  tumor  formation. 

■  S«e  Tuner,  Jour.  Med.  Res.,  vol.  vii.,  p.  23S,  1W2. 
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Teasts. — Attention  has  been  called,  in  connection  with  tumors,  to 
certain  forms  of  yeasts  or  blastomycetes  as  excitants  of  new  tissue 
growths,  but  these  also  appear  to  be  inflammatory.  The  cultivation 
of  yeasts  from  the  tissues  of  malignant  or  other  tumors  is  of  no  more 
significance  than  the  cultivation  of  bacteria  under  similar  conditions. 

The  nearly  uniform  failure  in  the  attempts  to  transplant  tumors  from 
one  species  of  animal  to  another,  although  the  morphological  characters 
of  such  tumors  occurring  spontaneously  appear  to  be  identical,  and  the 
absolute  failure  to  cultivate,  either  directly  or  by  inoculation,  any  con- 
stant organisms  from  them  which  are  capable  of  inducing  experimental 
tumor  growths;  the  difference  in  the  nature  of  metastases;  the  failure 


of  statistical  data  to  substantiate  the  claims  made  for  the  increase  of 
cancer  and  its  endemic  occurrence,  all  speak  with  much  force  against 
the  notion  of  the  parasitic  origin  of  malignant  tumors.  Moreover,  the 
great  diversity  in  the  character  and  in  the  inconstancy  of  occurrence  of 
the  objects  which  have  been  regarded  as  of  possible  significance  in 
tumors,  as  well  as  their  occurrence  elsewhere,  greatly  diminishes  the 
plausibOity  of  the  claims  which  have  been  made  for  them.' 

It  ia  much  to  be  regretted  that  most  of  those  who  advocate  the  para- 
sitic nature  of  tumor  excitants  should  be  so  engrossed  with  the  alleged 
parasites  that  they  largely  ignore  the  dominant  characters  and  the  life 
history  of  the  tumors  themselves,  especially  of  malignant  forms,  and  the 
fundamental  distinctions  between  these  and  such  inflammatory  growths 
as  may  superficially  resemble  tumors  and  which  are  undoubtedly  often 
incited  by  various  kinds  of  micro-organisms. 

One  does  not,  of  course,  assert  that  tumors  cannot  be  incited  by  para- 

'  Fgr  BD  iat«rnt[Dc  Efiliral  study  of  the  wt-cslled  iofwliouB  lympho-mrcoiDB  of  dog«  ■»  Babr 
ud  Eving,  Jour.  Med.  Res.,  vol.  xv.,  p.  :>09.  1006. 
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sites,  but  at  present  no  adequate  reason  appears  to  exist  for  believing 
that  they  are.^ 

It  is  indeed  not  improbable  that  a  local  predisposition  to  tumor 
formation  akin  in  nature  to  that  which  now  and  then  is  attributable  to 
trauma  occasionally  may  be  induced  by  micro-organisms.  But  this  it 
remains  for  future  researches  to  demonstrate. 
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The  Intrinsic  Excitants  of  Tumors. — ''Biological  Origin. 

The  Complexity  of  the  Problem. — It  seems  to  the  writer  that  to  seek 
for  a  single  external  excitant  or  group  of  excitants  for  the  aberrant  tissue 
growths  which  we  call  tumors  is  to  ignore  the  many  still  obscure  influ- 
ences which  are  at  work  in  all  tissue  growth,  especially  those  physiolog- 
ical agencies  which  foster  cell  proliferation  and  tend,  under  the  influence 
of  heredity,  to  specialization  in  form  or  function.  On  the  other  hand, 
not  to  be  ignored  are  those  influences,  whether  of  nutrition  or  pressure 
or  exposure,  which  mould  the  cell  growth  under  normal  conditions 
into  fixed  and  useful  forms.  It  is  rather  a  matter  for  surprise  that 
ever-changing,  self-regenerating  living  tissue  does  not  oftener  go  astray 
in  its  activities  than  that  it  should  only  now  and  then  do  so.  This 
latter  somewhat  inverted  point  of  view  may  be  useful  in  calling  away 
the  attention,  in  discussing  the  etiology  of  tumors,  from  a  too  close  regard 
to  extraneous  factors,  and  directing  it  to  the  many  still  unexplored 
fields  in  cell  physiology  with  which  we  must  perhaps  become  familiar 
before  we  can  with  fair  hope  of  success  attack  the  serious  problems  of 
both  the  excitation  and  the  prevention  of  tumors. 

No  adequate  conception  can  be  gained  of  the  complexity  of  the  prob- 
lem involved  in  the  origin  of  tumors  or  of  the  directions  in  which  the 
highest  promise  of  experimental  research  lies  without  a  recognition  of 
the  new  cell  lore  derived  from  a  study  of  the  lower  and  simpler  forms  of 
life. 

The  more  commonly  accepted  and  time-honored  view  of  the  imme- 
diate excitation  of  tumors  is  that  they  are  due  to  some  stimulus — 
*' formative  stimulus'' — by  which  the  proliferative  capacity  of  the  cells 
is  increased.  What  the  nature  of  this  postulated  stimulus  may  be,  where 
it  comes  from,  and  how  it  is  brought  to  bear  upon  the  transformations 
of  energy  which,  through  the  subtle  mechanism  of  the  cell,  are  manifested 
in  proliferation,  is  in  no  wise  clear. 

The  Relation  of  Abnormalities  in  Mitosis  to  Tumors. — It  has  become 
evident  from  the  many  illuminating  studies  which  have  been  made 
during  the  last  few  years  upon  the  phenomena  of  mitosis,  that  through 
the  character  and  performances  of  the  chromatic  substance  of  nuclei  and 
in  the  chromosomes  many  of  the  potencies  and  peculiarities  of  cells 
may  find  expression.  It  is  natural,  therefore,  that  studies  should  have 
been  made  upon  the  nuclear  characters  of  rapidly  growing  tumors. 

Thus,  V.  Hansemann^  records  observations  upon  the  mitotic  figures 

*  For  a  study  of  the  nature  of  the  cell  inclusions  of  cancer  see  Greenough,  Jour.  Med.  Res.,  voL  xiii«. 
p.  137,  1905. 

'  V.  Hansemann,  Biol.  Centrbl.,  Bd.  xxiv..  No.  5,  1904. 
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of  malignant  tumors  which  led  him  to  assume  that  they  have  suflfered 
modifications  characterized  by  a  loss  of  differentiation,  a  condition 
which  he  calls  anaplasia.  It  is  assumed  that  the  cells  of  malignant 
tumors  have  acquired  embryonic  characters  expressed  by  their  inde- 
pendence and  increased  power  of  proliferation  and  of  destruction  of 
surrounding  tissues.  But  this  view,  even  if  sustained,  does  not  throw 
light  upon  the  inciting  factors  in  tumors. 

Similarly  Farmer,  Moore,  and  Walker,^  studying  the  phenomena  of 
mitosis  in  malignant  tumors,  have  asserted  that  there  is  in  this  mitosis 
a  reduction  in  the  numbers  of  chromosomes  similar  to  that  occurring 
in  the  maturation  of  sexual  cells,  the  reduced  cells  having  half  the  num- 
ber of  chromosomes  of  the  somatic  cells.  Thus  in  accordance  with  this 
view,  malignant  tumors  arise  from  the  metamorphosis  of  differentiated 
somatic  tissues  into  a  special  form  of  reproductive  tissue  to  which  these 
observers  attribute  the  independence  and  proliferative  capacity  marking 
malignancy.  But  this  conception  of  the  nature  of  the  departure  from 
the  normal  in  malignant  tumors,  even  if  the  alleged  facts  upon  which 
it  is  based  were  established — which  does  not  seem  to  be  the  case  since 
reduced  numbers  of  chromosomes  may  not  be  present  in  parts  of  such 
tumors — does  not  reveal  the  inciting  factors  in  these  growths. 

Cohnheim's  Hypothesis. — The  hypothesis  of  Cohnheim,  which  we 
have  considered  above,  while  in  accord  with  many  facts  bearing  upon  the 
morphology,  clinical  manifestations,  and  experimental  observations  of 
tumors,  really  relates  to  the  predisposing  conditions  of  tumor  forma- 
tion rather  than  to  the  actual  excitants.  It  was,  in  fact,  necessary  for 
Cohnheim  to  assume,  as  possible  final  excitants  of  tumor  growth  from 
his  displaced  or  belated  cells,  a  local  hyperaemia  or  a  diminished  resist- 
ance to  their  growth  on  the  part  of  surrounding  tissues.' 

Sibbert's  Hypothesis. — A  more  subtle  and  perhaps  more  compre- 
hensive view  of  the  agencies  which  must  be  taken  into  the  account  in 
the  excitation  of  tumors  is  that  especially  advocated  by  Weigert'  and 
Ribbert.*  These  observers  and  those  in  sympathy  with  their  views  do 
not  admit  a  new  formative  stimulus  into  their  conception  of  the  origin 
of  tumors,  but  regard  the  usual  potencies  of  the  cells  in  this  respect  to 
be  sufficient  if  the  natural  restraints  to  over-proliferation  be  in  any  way 
diminished. 

Ribbert  has,  perhaps  more  definitely  than  any  other,  framed  a  work- 
ing hypothesis  along  these  lines  which  is  at  least  suggestive.  He  lays 
stress  in  his  conception  of  the  origin  of  tumors  upon  the  intimate  asso- 
ciations of  the  cells  of  the  normal  body  as  parts  of  an  organism,  whose 
varied  capacities  are  normally  held  in  some  fashion  under  mutual  restraint 
in  subservience  to  their  common  welfare.  This  mutual  relationship, 
however,  once  destroyed,  for  example,  by  the  separation  of  cells  or 
cell  groups  from  their  organic  associations,  they  assume  less  highly 

>  See  Farmer,  Nature.  Feb.  4th.  1904;  also  Bath/ord  and  Murray,  Proc.  Roy.  Soc.,  January  2l8t, 
1904.     See  also  Boveri,  Zur  Entetehung  Maligner  Tumoren.  Jena,  1914. 

'  For  a  further  discuflsion  of  these  various  views  see  iVicAo^,  Jour.  Med.  Research,  1905,  N.  S., 
viii,  187. 

*  Weigert,  **Neue  Fragestellungen  in  path.  Anat.,"  Deut.   med.  Wochenschr.,  1896.  p.  636. 

•Ribbtrt,  "Geschwubtlehre,"  1904;  or  "Lehrbuch  d.  allg.  Pathologie."  1905. 
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diflferentiated  characters,  their  physiological  capacities  are  no  longer 
held  in  leash,  and  these,  if  the  nutritive  and  other  conditions  be  favor- 
able, may  express  themselves  in  exaggerated  fashion  by  excessive  growth 
and  proliferation. 

Ribbert  explains  the  way  in  which  he  conceives  that  the  process  of 
cell  disassociation  and  release  from  restraint  may  occur.  Since  he  does 
not  admit  a  primary  increase  in  the  inherent  proliferative  capabilities 
of  the  cells,  he  cannot  assume,  as  is  commonly  done,  that  the  process  is 
initiated,  in  carcinoma  for  example,  by  the  epithelial  cells.  He  assumes 
that  the  process  may  start  in  the  connective  tissue,  which  is  liable  to 
increase  in  amount  in  response  to  a  variety  of  influences,  notably  those 
which  involve  trauma,  or  simple  inflammation,  or  replacement  hyper- 
plasia. In  the  starting  of  carcinoma  of  the  stomach  or  intestine,  for 
example,  Ribbert  asserts  that,  in  many  cases  at  least,  the  new-formed 
connective  tissue  cuts  off  cells  or  cell  groups  from  their  organic  connec- 
tions, and  claims  that  in  this  way  alone  we  may  account  for  the  required 
release  from  the  restraints  of  the  organic  association  and  the  exuberant 
aberrant  growth  which  follows. 

This  view  is  interesting  in  connection  with  the  frequent  association  of 
carcinoma  with  chronic  inflammation,  which  has  been  already  noted. 
Ribbert  also  insists  upon  the  embryonic  displacements  or  superfluous 
cells  of  Cohnheim  as  important  predisposing  factors  in  the  release  of 
tissues  from  organic  control. 

It  is  assumed  by  those  who  adopt  the  hypothesis  of  Ribbert  that  the 
localized  groups  of  cells,  in  which  tumors  originate  during  their  growth 
under  the  conditions  associated  with  their  emancipation  from  organic 
control,  have  so  adapted  themselves  to  abnormal  nutritive  and  other 
adverse  conditions  that  the  transportation  to  a  new  site  as  tumor  cells 
can  more  readily  be  endured  than  by  cells  which  have  not  enjoyed  this 
preliminary  adaptation  to  nutritive  and  environmental  hardships— 
parenchyma-cell  emboli  for  example.^ 

Ribbert 's  views  on  this  subject  are  summarized  by  himself  sub- 
stantially as  follows : 

All  tumors  originate  in  cells  which  have  been  separated  from  their  normal  relation- 
ships. 

This  separation  occurs  either  by  a  disturbance  of  the  embryonal  or  post-foetal 
developmental  processes,  or  by  trauma,  or  by  processes  of  growth  which  are  the  ulti- 
mate results  of  inflammation. 

^  Fischer  has  recently  shown  that  the  injection  beneath  the  skin  of  the  ear  of  the  rabbit  of  a  miztun 
of  oil  and  Scharlach  R  is  capable  of  inciting  a  downward  growth  of  epithelium  in  branching  plung  reseiB' 
bling  in  structure  the  epithelial  reticulum  of  epitheliomata.  These  structures  maintain  their  characttf* 
and  growth  for  a  considerable  time,  but  when  the  colored  oil  is  extracted  the  epithelium  passes  on  to  ill 
mature  condition,  and  becomes  comified,  and  the  growth  ceases. 

The  structures  formed  are  limited  in  growth  and  are  not,  therefore,  to  be  properly  classed  with 
malignant  tumors.  Plscber  assumes  that  the  injected  colored  oil  is  chemotactic  and  postulates  formslif* 
nant  tumors  the  presence  in  the  body  of  some  substance  which  he  names  ailraxine^  which  through  its 
persistent  action  incites  the  continuous  cell  growth  marking  malignancy.  But  this  opinion  bai  oot 
stood  criticism,  the  incitation  to  growth  being  due  largely  to  increased  blood  supply.  Wh«i  Schala^^ 
oil  is  injected  with  tumor  material  it  diminishes  the  percentage  of  positive  inoculations  because  itincitci 
an  excessive  tissue  reaction  which  causes  absorption  or  destruction  of  the  tumor  cells.  We  refer  for 
further  details  of  these  experiments  to  the  original  article,  Miinch.  med.  Woch.,  1906,  p.  2041. 
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The  dissociated  cells  grow  independently  and  in  limitless  fashion,  because  the 
organism  has  lost  control  over  them. 

The  differences  in  the  types  of  tumors  are  accounted  for  by  the  character  of  the 
originally  separated  cells  and  the  conditions  under  which  these  have  grown. 

The  Ultimate  Problems  in  Timiors. — When  all  has  been  said  about 
general  and  local  predisposing  factors  in  tumors;  when  through  obser- 
vation and  experiment  all  possible  light  has  been  thrown  upon  the  na- 
ture of  their  immediate  excitants,  we  are  still  face  to  face  with  a  host  of 
problems  relating  to  tumors  as  organized  entities  showing  complex  tissue 
adjustments  and  revealing  specific  inherited  qualities  and  powers.* 
These  all  in  the  end  carry  us  back  to  the  fundamental  questions  in 
biology  and  the  mechanism  of  development  with  which  students  of  all 
forms  of  life  are  more  or  less  directly  engaged;  back  even  to  the  poten- 
cies which  dominate  and  characterize  life  itself,  and  are  handed  on  from  . 
cell  to  cell  through  the  long  line  of  inheritance.  It  may  be  that  from 
the  chromosomes  and  their  abnormalities  with  which  the  cytologist  is 
so  eagerly  engaged  to-day  is  to  be  derived  the  knowledge  through  which 
we  shall  arrive  at  a  more  definite  comprehension  of  tumors.  Thus  it  is 
evident  that  here  as  elsewhere  in  pathology  we  are  dealing,  not  with 
independent  problems,  but  with  specific  outlooks  only  on  the  wider 
field  of  general  biology. 


The  Need  of  New  Research  in  Ttunors. 

It  has  become  evident  of  late  that  much  of  the  statistical  lore  of 
tumors,  especially  of  malignant  types,  which  has  been  handed  on  from 
one  writer  to  another,  is  in  need  of  a  critical  revision,  and  that  many  of 
the  current  opinions  regarding  malignant  tumors  are  based  upon  alleged 
observations  of  doubtful  validity  and  upon  inferences  hastily  and  illogi- 
cally  drawn.  Among  these  opinions  needing  revision  may  be  mentioned 
the  alleged  relative  rapid  increase  in  the  frequency  of  cancer,  which  rests 
upon  data  obviously  faulty;  the  contention  that  metastases  in  malig- 
nant tumors  are  closely  analogous  with  metastases  in  infective  processes 
and  indicate  the  infective  nature  of  the  former;  the  view  that  carcinoma 
has  been  in  many  instances  directly  conveyed  by  contact  from  a  victim 
of  the  disease  to  a  well  person;  the  successful  inoculation  of  carcinoma 
of  man  into  the  lower  animals.  None  of  these  points  has  been  sustained 
by  reliable  data. 

It  has  become  evident  that  a  new  departure  is  necessary  in  the  study 
of  tumors  and  that  this  is  especially  urgent  along  two  lines:  first,  in 
the  collection  of  more  reliable  statistics,^  which  shall  embrace  not  only 

^For  a  suggestive  study  of  this  subject  see  AO)recht,  ''Entwioklungsmechanische  Fragen  der 
Geschwubtlehre,"  Verb.  Deutscb.  Patb.  Ges.,  Bd.  viii.,  p.  89.  1904. 

'  For  a  study  of  the  statistical  investigation  of  cancer  see  Baahford  and  Murray,  Report  of  Imp. 
Oancer  Research  Fund,  No.  2.  Part  I.,  1905. 
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man,  but  the  lower  animals  as  well;  and,  second,  the  initiation  of  care- 
ful and  extended  experimental  studies  of  the  tumors,  especially  the 
malignant  tumors,  of  the  lower  animals,  in  which  such  growths  frequently 
occur  spontaneously. 

When  along  these  lines  the  data  relating  to  the  biology  of  tumors 
shall  have  been  gathered  on  a  large  scale  the  outlook  will  be  brighter 
for  the  study  of  the  fundamental  problems  of  the  inciting  factors  in 
tumors  and  of  promising  measures  for  their  treatment. 

The  Transplantation  of  Tumors. 

We  have  seen  in  an  earlier  part  of  this  book  (p.  78)  that  it  has  been  possible  to 
transplant  living  tissues  from  one  animal  to  another  of  the  same  sj)ecies;  that  when 
this  is  done  there  may  be  at  first  a  slight  proliferation  at  the  new  site  and,  in  the  case 
of  epidermal  structures,  a  considerable  growth,  so  that  new  epidermis  may  form  in 
skin  grafts,  while  cyst-like  structures  may  develop  when  epidermal  tissues  are  em- 
bedded in  the  tissues  of  the  host.  It  has  even  been  possible  to  transplant  whole  organs, 
ovary,  testicle,  and  kidney,  which  have  maintained  for  a  short  time  some  of  their 
structural  and  functional  qualities  at  the  new  site.  But  in  general  the  fate  of  trans- 
planted normal  tissues  is  sooner  or  later  to  undergo  necrosis  or  to  fall  under  the  sway 
of  the  protective  agencies  of  the  host,  and  either  by  the  action  of  lytic  fluids  or  by 
phagocytosis  to  disappear.  Transplantation  of  normal  tissue  to  animals  of  another 
species  is  not  successful. 

Turning  now  to  tumors,  we  find  that  the  study  of  those  occurring  in  the  lower 
animals  has  op)ened  up  a  wide  field  of  observation,  in  which  a  number  of  important 
facts  have  already  been  discovered.^ 

Many  of  the  new  growths  encountered  in  man  are  found  among  animals  also,  down 
to,  but  not  including,  the  reptiles,  and,  as  in  man,  they  are  most  common  in  the  later 
years  of  life.  But  it  is  to  the  neoplasms  of  tame  mice  and  rats,  especially  carcinoma, 
adenocarcinoma,  and  sarcoma,  that  attention  has  been  particularly  directed,  because 
of  the  facility  with  which  small  animals  can  be  stored  and  handled. 

In  the  mouse,  the  usual  site  of  origin  is  the  female  mammary  gland,  and  the  clinical 
course  of  the  disease  closely  follows  that  in  the  human  subject.  Metastasis  is  common, 
taking  place  generally  by  way  of  the  blood-stream,  or,  more  rarely,  by  the  lymphatic, 
and  true  infiltrative  growth  is  easily  demonstrable. 

Murray*  has  conducted  experiments  concerning  the  hereditary  transmission 
of  a  tendency  to  develop  these  spontaneous  cancers,  which  have  led  to  the  discovery 
that  mice  whose  mothers  or  grandmothers  develop)ed  malignant  new  growths  are 
themselves  more  liable  to  fall  victims  than  those  with  a  non-cancerous  ancestrv.  The 
percentage  of  cases  among  mice  of  cancerous  heredity  was  found  to  be  20.5,  while  in 
those  with  non-cancerous  antecedents  it  was  but  11.6.  This  information  may  be 
applied  to  man,  however,  only  with  the  greatest  reservation,  because,  in  the  experi- 
ment just  mentioned,  animals  with  a  concentrated  cancerous  ancestry  were  selected 
and  bred  together,  and  the  tendency  in  the  offspring  was  accordingly  greater  than 
ever  it  would  be  in  man  except  in  rare  cases  and  as  a  result  of  the  most  unfortunate 
coincidence. 

It  has  been  found  that  if  small  particles  of  a  spontaneous  mouse  tumor  be  inserted, 
under  the  skin  of  healthy  young  mice  of  the  same  race,  the  implanted  cells  will  grow 
in  a  few  of  them,  say  about  five-per-cent.,  and  within  from  three  weeks  to  several 
months  produce  new  tumors  similar  in  character  to  the  original.  Thus,  from  animal 
to  animal  the  tumors  may  be  propagated  through  long  series  to  an  extent  which,  so  far 
as  is  now  known,  is  without  limit.  The  most  striking  feature  of  these  transplantations 
is  the  apparently  boundless  capacity  of  the  cancer  cell  for  proliferation,  for  it  will 

^  For  a  risuntS  of  the  work  that  has  been  accomplished  in  this  field,  and  for  bibliography,  see  Woffiomt 
The  Study  of  Experimental  Cancer,  New  York,  1913. 

2 Murray,  Fourth  Sci.  Report,  Imperial  Cancer  Research  Fund,  Lond.  London,  1911,  p.  114. 
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readily  be  seen  that  if  a  few  cells  can,  within  a  relatively  short  time,  produce  a  mass  as 
large  as  the  growth  from  which  they  came,  the  amount  of  new  tissue  would  be  pro- 
digious almost  beyond  belief^  if  all  the  tumors  in  every  generation  were  to  be  trans- 
planted. 

The  existence  of  certain  hereditary  factors  tending  to  make  some  mice  naturally 
more,  and  others  less  refractory  to  transplanted  cancer,  has  been  intimated,  and 
susceptible  and  non-susceptible  strains  have  been  bred. 

Examples  of  the" contagion "  of  cancer  through  the  medium  of  "cancer  cages" 
have  been  recorded  in  the  literature  from  time  to  time,  and  have  been  regarded  by 
some  observers  as  evidence  of  a  parasitic  etiology.  Still,  the  animals  in  which  the 
disease  appeared  were  nearly  always  old  female  mice,  and  in  most,  if  not  all  instances, 
she  neoplasms  occurred  in  tiie  mamma.  That  old  animals  should  have  been  affected 
at  the  site  where  cancer  ordinarily  develops  suggests  that  these  alleged  epidemics  can 
be  explained  by  the  sudden  outcropping  of  a  number  of  spontaneous  new  growths, 
and  renders  superfluous  the  assumption  of  an  infectious  etiology. 

Furthermore,  the  hypothesis  which  would  ascribe  malignant  growths  to  the  inter- 
vention of  a  parasite  was  dealt  a  heavy  blow  when  Jensen,  and  afterward  Bashford, 
Murray,  and  Cramer,*  showed  that  the  parenchymal  cells  of  a  propagable  carcinoma 
are  not  furnished  by  the  host,  but  are  the  progeny  of  transplanted  elements  and,  carried 
through  however  many  generations,  the  lineal  descendents  of  the  cells  of  the  original 
spontaneous  tumor.  In  the  infectious  diseases  with  which  we  are  so  far  acquainted, 
on  the  contrary,  the  lesions  are  produced  solely  by  the  tissues  of  the  host,  acting  under 
the  agency  of  the  micro-organism  in  question. 

The  stroma  of  a  propagable  carcinoma,  however,  in  contrast  to  the  parenchyma,  is 
provided  anew  by  the  host  at  each  transplantation ;  within  the  first  few  days  after  the 
insertion  of  the  graft,  fibroblasts  and  blood-vessels  penetrate  it  in  large  numbers, 
replacing  the  old  stroma,  which  gradually  dies,  and  supporting  and  nourishing  the 
new  tumor. 

It  is  to  the  failure  of  this  si>ecific  stroma  reaction  that  RusselP  refers  the  acquired 
immunity  shortly  to  be  described. 

Ehrlich*  and  others  have  shown  that  the  cells  of  a  few  carcinomata  have  the  power 
to  transform  the  connective-tissue  stroma  into  a  sarcoma,  which  also  is  capable  of 
continued  propagation,  and  which  tends  to  overgrow  the  epithelial  portion  of  the 
tumor. 

It  is  possible  that  the  combination  of  carcinoma  with  sarcoma  which  is  occasionally 
encountered  in  human  neoplasms,  may  be  the  outcome  of  a  similar  power  on  the  part 
of  the  epithelial  portions  of  these  growths.  At  any  rate,  the  phenomenon  as  a  whole 
is  probably  of  the  same  order  as  that  observed  when  a  carcinoma  or  sarcoma  develops 
from  normal  cells  in  an  otherwise  healthy  individual,  following  repeated  trauma  or 
chronic  irritation. 

During  continued  propagation,  a  mouse  tumor  usually  "takes"  in  a  progressively 
larger  number  of  animals  until  finally  90  or  even  100  per  cent,  of  success  may  be  ob- 
tained. The  percentage  does  not  remain  permanently  at  this  level,  however,  but 
fluctuates  with  more  or  less  regularity,  and,  it  would  seem,  without  relation  to  unavoid- 
able minor  variations  in  technique.  Whether  increased  power  to  grow  in  a  foreign  soil 
is  due  to  heightened  virulence,  or  to  increased  ability  of  the  tumor  cell  to  adapt  itself 
to  an  unfamiliar  environment,  is  a  question  which  has  been  earnestly  debated. 

Transplanted  tumors  may  continue  to  grow  until  they  ulcerate  and  kill  the  animal, 
or  they  may  proliferate  for  a  time  and  then  recede,  and  it  may  be  said  in  a  general  way 
that  such  biological  characteristics  as  these  are  retained  during  propagation.     The 


»  For  a  calculation  of  the  possibilities  of  such  growth  see  Apolant  and  Ehrlich,  Berl.  klin.  Woch., 
1905.  p.  871;  ibid.,  1906,  p.  37. 

Certain  experiments,  however,  in  which  normal  tissue  has  been  grown  in  vitro,  suggest  that  this, 
too.  may  be  capable  of  indefinite  proliferation  under  suitable  conditions. 

'  Bashford^  Mwray,  and  Cramer,  Sci.  Reports  of  the  Imperial  Cancer  Research  Fund,  London. 

>  Russell,  Sd.  Reports,  Imperial  Cancer  Research  Fund,  London. 

*  Ehrlieh,  Exp.  Carcinoma  Studien  an  Mftusen,  Sep.  Abdr.,  Arb.  a.  d.  Kdnigl.  Inst.  f.  exp.  Therapie, 
Heft  1.  1906. 
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histology,  also,  of  the  original  growth  is  adhered  to  more  or  less  faithfully  in  the  subse- 
quent generations  of  its  daughter  tumors. 

In'^^contrast  to  the  comparative  difficulty  of  getting  spontaneous  growths  to  estab- 
lish themselves  in  new  hosts,  is  the  readiness  with  which  they  will  succeed  in  the  ani- 
mals that  developed  them,  for  almost  without  exception  they  will  proliferate  if  re- 
introduced into  the  organism  to  which  they  are  native.  This  is  not  because  tJie  bearer 
of  a  spontaneous  neoplasm  offers  a  more  favorable  soil  for  tumor  gro"wth  in  general, 
but  because  the  cells  need  make  no  great  effort  to  adjust  themselves  to  their  environ- 
ment, as  it  is  necessary  for  them  to  do  if  they  are  to  survive  introduction  into  another 
animal. 

Acquired  Immunity  to  Tumors. — This  is  brought  about  in  an  animal  by  the  absorp- 
tion of  cells  from  another  of  the  same  species,  and  persists  for  as  long  as  two  or  three 
months.  Whether  the  material  employed  for  its  production  be  normal  cells  or  cells 
from  a  tumor,  is  immaterial;  the  only  requisite  is  that  they  shall  be  living  when  they 
are  introduced.  Thus,  animals  have  been  rendered  refractory  to  transplantation 
by  the  inoculation  of  embryonic  tissues,  or  adult  spleen,  kidney,  etc.,  as  well  as  by 
unsuccessful  inoculation  with  tumors,  but  it  has  not  been  possible  to  obtain  immunity 
by  the  injection  of  juices  or  extracts  from  a  tumor,  or  by  introducing  serum  from 
animals  possessed  of  natural  or  acquired  resistance.  Experiments  in  which  this  out- 
come has  been  claimed  are  vitiated  by  lack  of  care  in  obtaining  such  uniform  experi- 
mental conditions  as  a  pure  strain  of  animals,  *  equal  dosage,  etc.  Apparently  nothing 
short  of  the  living  cell  is  capable  of  producing  true  resistance,  and  the  reaction  is  so 
delicate  that,  as  has  been  said,  only  tissues  of  the  same  species  are  potent.  Those 
of  the  individual  itself,  however,  are  devoid  of  all  immunizing  power. 

The  immunity  thus  effected  is  valid  only  against  a  graft  which  is  in  the  act  of 
establishing  itself  in  a  new  host,  exerting  not  the  slightest  influence  upon  a  more 
advanced  tumor;  nor  does  it  prevent  the  development  of  a  spontaneous  new  growth. 
Hence,  there  is  no  justification  for  the  treatment,  by  analogous  methods,  of  tumors  in 
man,  which,  indeed,  would  be  still  less  likely  to  yield,  since  they  are  composed,  not  of 
cells  foreign  to  the  organism,  as  is  a  transplanted  mouse  tumor,  but,  on  the  contrary, 
of  native  elements.  Being  so  constituted,  a  spontaneous  neoplasm  is  vulnerable, 
so  far  as  we  know  at  present,  only  to  agents  which  are  equally  injurious  to  the  cells  of 
the  body  at  large,  a  fact  which  explains  the  difficulty  of  finding  some  means  to  attack 
a  tumor  other  than  the  comparatively  crude  and  incomplete  method  of  extirpation. 


The  Technic  of  Transplantation. 

The  mouse  bearing  the  growth  is  dispatched  as  painlessly  as  possible  and  placed 
for  a  few  moments  in  two  per-cent.  lysol.  It  is  then  pinned  out  on  a  cork  block,  after 
which  the  tumor  is  removed  with  sterile  instruments.  Two  ways  are  available  for 
transplantation.  Small  fragments  about  1-2  mm.  in  diameter  may  be  introduced 
with  a  coarse  platinum-iridium  needle  and  trocar,  or  the  tumor  may  be  emulsified  by 
repeatedly  snipping  it  with  a  pair  of  sharp  curved  scissors,  without  the  addition  of  any 
fluid;  in  the  latter  event,  inoculation  is  carried  out  with  a  graduated  glass  syringe. 
The  former  method,  as  a  rule,  gives  better  results. 

In  either  case,  the  needle  is  inserted  under  the  skin  of  the  groin,  in  an  area  that 
has  been  mopped  off  with  alcohol,  and  pushed  upward  toward  the  axilla,  where  the 
implant  is  deposited. 

The  best  results  are  obtained  by  inoculating  a  tumor  that  has  grown  steadily  for 
some  time.  Yoimg  tumors  are  not  so  suitable,  while  those  that  have  remained  sta- 
tionary in  size,  or  have  become  smaller,  are  not  apt  to  grow  in  a  new  host.  Ulceration, 
of  course,  renders  a  growth  entirely  tmfit  for  propagation,  since  the  mice  inoculated 
with  it  generally  die  of  infection. 

*  It  has  been  rer>eatedly  observed  that  mice  and  rats  of  different  strmns,  or  obtained  from  di£Ferent 
parts  of  a  countryi  show  marked  variations  in  susceptibility  to  inoculation  with  the  same  tumor  under 
precisely  the  same  conditions. 


358  TUMORS 

VASCULAR-TISSnE  TYPE— AWGIOMATA. 

Normal  Tissue.  Tumors, 

Blood-vessels.  Angioma. 

Lymph-vessels.  Lymph-angioma. 

EPITHELIAL-TISSUE  TYPE. 

Normal  Tissue.  Tumors. 

Glands.  Adenoma. 

Various  forms  of  epithelial  cells  Carcinoma, 
and  associated  tissues. 

Tumors  Formed  by  Various  Combinations  of  Tissue  Types.— Mixed  Types. 

In  a  considerable  proportion  of  tumors  more  than  one  type  of  tissue 
is  present,  and  it  is  customary  to  indicate  this  by  compound  names,  such 
as  osteosarcoma,  adeno-carcinoma,  etc.  Discrimination  is  necessary  in 
the  use  of  such  names,  however,  and  one  should  be  clear  as  to  what  he 
wishes  to  express  in  this  way.  All  tumors  have  a  certain  amount  of 
fibrous  stroma  which  carries  the  blood-vessels  and  forms  a  sustaining 
framework.  In  the  early  stages  of  tumor  growth  this  matrix  may  be  the 
tissue  in  which  the  tumor  starts,  which  is  either  not  increased  in  amount 
or  is  hyperplastic.  Thus  in  carcinoma  of  the  stomach,  the  stroma  may 
be  fibrous  if  the  mucosa  or  composed  of  smooth  muscle  if  the  stomach 
wall  be  involved;  but  such  growths  would  not  be  called  either  fibro- 
carcinoma or  myo-carcinoma.  It  is  only  when  the  new  tissue  assumes 
the  characters  of  an  independent  growth  that  it  can  be  justly  indicated 
in  the  compound  name.  This  may  not  be  easy  or  always  possible  to 
determine,  but  the  desirability  of  doing  so  should  be  held  constantly  in 
mind.  Unfortunately  the  compound  name  is  by  some  writers  used  to 
indicate  simply  the  seat  of  a  tumor  growth;  in  this  sense  osteo-sarcoma 
means  simply  sarcoma  of  the  bone  and  not  an  association  of  osteoma 
and  sarcoma. 

It  should  also  be  remembered  in  this  connection  that  a  tumor  of 
mixed  types  does  not  always,  perhaps  not  often,  start  as  such,  but  may 
assume  this  character  by  metaplasia  (see  p.  62)  within  the  limits  of  a 
tissue  group.  Thus  the  establishment  in  fibroma  of  bone  or  cartilage 
grow^th  and  the  assumption  by  the  adenomata  of  the  carcinomatous 
type  are  common.  Furthermore,  although  these  mixed  forms  of  tumors 
may  arise  secondarily  by  metaplasia,  the  more  or  less  distinct  forms  of 
tissue  may  finally  become  so  independent  of  one  another  that  some  of 
the  metastases  from  such  a  mixed  tumor  may  show  only  one  tissue  type. 
The  possibilities  in  tissue  metaplasia  should  be  taken  into  the  account 
before  assuming,  as  is  too  often  done,  that  the  multiplicity  of  related 
tissue  forms  in  a  tumor  point  toward  embryonal  origin. 

Complex  Congenital  Growths — Teratoma. 

These  are  tumors  which  frequently  contain  a  great  number  of  differ- 
ent forms  of  tissue,  such  as  various  forms  of  fibrillar  connective  tissue, 
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cartilage,  bone,  teeth,  hair,  skin,  muscle,  and  glands.  They  are  formed 
in  the  ovary,  testicle,  mediastinum,  brain,  in  the  aacral  region,'  about 
the  neck,  in  the  retroperitoneal  tissue,  etc.  They  arise  by  an  inclusion 
of  portions  of  another  fcetus,  and  are  thus  rather  malformations  than 
tumors  in  the  limited  technical  sense.  But  they  may  give  rise  to  tumors, 
some  of  them  malignant:  such  are  chorion-epitheliomata  and  sarcomata. 
Among  these  are  sometimes  classed  other  and  simpler  congenital  anom- 
alies, such  as  dermoid  cysts,  congenital  angiomata,  and  the  so-called 
pigmented  nfevi  or  moles. ' 

Special  Tumor  Types. 

There  are  types  of  tumors  which  are  not  readily  brought  into  the 
usual  general  classifications,  since  they  are  formed  of  special  kinds  of 
tissue.  These  have  received  distinctive  names.  Thus  there  are  peculiar 
tumors  formed  of  placental  tissue  called  chorion-epithelioma  or  deciduoma; 
of  tissue  resembling  the  adrenals,  hypernephroma,  etc. 

Luboncti's  Grouping  of  Tumors  for  Practical  Purposes. 

Lubarsch  has  suggested  the  following  grouping  of  tumors  for  practical  purposes, 
without  special  reference  either  to  their  hiatogenetic  or  histological  characters: 

1.  Tumors  which,  although  differing  from  the  tissues  in  which  they  originate  in 
the  arrangement  of  their  elements,  usually  increase  in  size  but  slightly  or  temporarily. 
In  this  group  are  the  teratoid  growths  and  those  originating  in  embryonic  displace- 
ments, such  as  congenital  nievi,  certain  gland-like  tumors,  myoma,  fibroma,  lipoma, 
chondroma,  and  osteoma.     Such  tumors  are  usually  of  little  practical  importance. 

2.  Tumors  which,  although  conforming  in  general  to  the  normal  tissue  type  in 
growth  and  structure,  still  reveal  a  considerable  independence  of  their  surroundings; 
such  are  larger  myomata,  adenomata,  angiomata,  lipomata,  which  may  grow  slowly 
and  with  interruptions,  and  may  when  growth  ceases  through  degenerative  processes 
or  necrosis  undergo  retrogression  or  even  disappear  altogether. 

3.  Tumors  which  seem  to  be  largely  emancipated  from  the  usual  physiological 
control  of  normal  tissues,  both  in  the  rapidity  and  extent  of  growth  and  in  the  fixity 
of  the  cell  type  in  form  and  function.  In  this  class  are  the  tumors  which  are  destruc- 
tive and  invasive  in  their  growth,  especially  the  sarcomata  and  carcinomata. 

These  three  claaaea  may  in  reality  be  considered  to  represent  only  stages  in  the 
growth  of  tumors  in  general;  since  the  more  destructive  forms  may  in  early  stages 
conform  to  the  characters  of  the  other  groups,  while,  on  the  other  hand,  tumors  of  the 
less  aggressive  types  may  assume  the  autonomy  and  significance  of  the  malignant 
forms.  These  cla^aes  of  tumors  are  not  of  course  distinct,  and  many  intermediate 
types  may  occur,  but  this  grouping  seems  to  the  writer  fairly  to  indicate  a  real  differ- 
ence in  character  and  significance  in  tumors  as  a  whole  which  it  is  of  practical  ad- 
vantage to  recognise,  and  which  is  often  lost  sight  of  in  the  more  technical  classi- 
fications. 

Cysts. 

These  structures,  for  the  sake  of  convenience,  are  often  classed  among 
the  tumors,  although  in  general  characters,  structure,  and  genesis  they 
are  usually  of  entirely  different  nature. 

<  For  «  critics)  aummHry.  vitb  bibliosispby.  of  tumora  o(  the  sacral  regioD  see  Bortt,  CeotrslbL 
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They  may  be  divided  into  two  classes: 

I.  Cysts  which  develop  from  pre-existing  cavities. 

II.  Cysts  which  originate  independently  as  the  result  of  pathological 
changes. 

I.    CYSTS  WHICH  DEVELOP  FROM  PRE-EXISTING  CAViriES. 

1.  Retention  Cysts. — These  are  chiefly  formed  by  the  accumulation 
in  glands  or  their  secretory  ducts  of  the  more  or  less  altered  secretion  of 
the  gland.  They  usually  occur  as  the  result  of  a  hinderance  to  the  nor- 
mal discharge,  as  from  inflammatory  contractions,  pressure,  etc.  The 
contents  of  such  cysts  are  usually  mucous,  sebaceous,  serous,  or  of  a 
mixed  character.  Their  walls  are  the  more  or  less  altered  walls  of  the 
original  structure.  To  this  class  belong  comedones,  milium,  atheroma, 
chalazion,  ranula,  the  ovula  Nabothi,  milk  cysts,  and  certain  serous 
cysts  of  the  ovaries.  Fallopian  tubes,  gall-ducts,  and  uriniferous  tubules. 

2.  Transudation  Cysts. — These  arise  usually,  though  not  always,  as 
the  result  of  a  chronic  inflammatory  process  in  lymph-spaces  or  serous 
sacs,  and  among  them  are  to  be  classed  the  so-called  ganglia,  hydrocele, 
etc.  Certain  of  the  so-called  haematoceles,  in  which  blood  is  extrava- 
sated  into  closed  cavities,  form  a  variety  of  the  cysts  of  this  group. 

n.    CYSTS  WHICH  ORIGINATE  INDEPENDENTLY  AS  THE  RESULT  OF  PATH- 
OLOGICAL CHANGES. 

1.  Cysts  Formed  by  the  Softening  and  Disintegration  of  Tissue. — Such 
cysts  may  at  first  be  small  and  have  very  meagre  contents  and  no  well- 
defined  wall.  A  wall  may  finally  be  present  either  as  an  entirely  new- 
formed  structure,  or  the  more  or  less  modified  capsule  of  the  organ  in 
which  they  occur  may  partly  or  entirely  form  the  wall.  The  contents  of 
such  cysts  are  usually  the  more  or  less  altered  detritus  of  the  tissue  by 
whose  disintegration  they  are  formed.  Such  cysts  are  very  apt  to  occur 
within  true  tumors,  particularly  those  which  are  succulent  and  of  rapid 
growth,  since  these,  as  above  stated,  are  very  liable  to  degeneration.  Old 
abscesses  may  change  into  well-defined  cysts  of  this  kind. 

2.  Cysts  Formed  around  Foreign  Bodies. — The  inflammatory  reaction 
induced  by  the  presence  of  foreign  bodies  of  various  kinds,  parasites, 
masses  of  extra vasated  blood,  etc.,  frequently  results  in  the  formation  of 
well-defined  encapsulated  cysts. 

3.  Cysts  Formed  by  a  New  Growth  of  Tissues  in  Whose  Spaces  Various 
Kinds  of  Fluid  Accumulate. — These  spaces  may  or  may  not  be  lined  with 
epithelium  and  have  something  of  the  glandular  character.  Such  forms 
are  exemplified  in  some  of  the  compound  ovarian  cysts — the  so-called 
ovarian  cystomata;  but  these  are  really  adenomata. 

4.  Congenital  Cysts. — These  are  of  various  forms,  and  their  mode  of 
origin  is  in  most  cases  but  imperfectly  understood.  Some  of  them  are 
properly  grouped  among  the  teratomata.  The  so-called  dermoid  cysts 
of  the  subcutaneous  tissue  (Fig.  196)  and  ovary  are  marked  examples 
of  this  class.     The  dermoid  cysts  of  the  skin  are  probably  all  formed 
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om  an  embryonal  displacement  of  the  epidermal  structures,  The 
mplest  forms,  called  epidermoid  cysts,  are  lined  with  epithelium  of  the 
{uainous  type  and  largely  filled  with  a  mass  of  flat  desquamated  cells. 
1  the  more  complicated  forms,  hair  follicles,  and  sebaceous  and  sweat 
lands  are  present  in  the  lining  epidermal  membrane.  Certain  congenital 
jfBts  of  the  kidney  and  other  internal  organs  are  conveniently  grouped 
ere,  although  it  is  probable  that  some  of  them  at  least  originate  during 


Fio.  196.— Dkbuoid  Ctst  of  the  Skin. 
a  form,  but  mostly  meiged  into  as  irresulsr  cell  mass.     The  fibrouB-wallad  cyet  coDtaiued  a  clear 

'cetal  life  in  one  or  the  other  of  the  above-described  ways,  and  hence  are 
lot  essentially  different  in  nature  from  some  of  the  cysts  of  other  classes. 
Por  the  mode  of  formation  of  certain  cysts  of  the  neck  see  page  647.^ 
Por  cysts  of  the  viscera  see  Special  Pathology, 

Various  Lesions  Sometiiiies  Described  as  Tumors. 

There  are  certaio  enUrgemeDts  of  the  lymph-nodes  which  are  in  reality  byper- 
jlasios,  sometimes  inflainmatory  in  character  and  sometimes  not,  and  which  are  often 
irouped  among  the  tumors  as  lymphomala.  They  are  not  true  tumors,  and  will  be 
ODsidered  under  the  leaiona  of  the  lymph-nodes.  In  the  same  group  are  often  classed 
he  enlargements  of  the  lymph-nodes  in  leuktemisi  and  in  other  general  diseases,  which 
ire  considered  in  another  part  of  this  book. 

Another  group  of  tumors  sometimes  called  lymphomata  are  in  reality  sarcomata, 
ind  these  will  be  described  under  the  latter  heading. 

There  is  also  a  group  of  nodular  new  formations,  the  so-called  "infective  granulo- 
nata,"  which  in  earlier  days  were  classed  among  the  tumors.  These  are  found  in 
uberculosis,  lupus,  leprosy,  syphilis,  glanders,  actinomycosis,  and  probably  include 
he  nodes  of  Hodgkin'a  disease.  They  are,  however,  inflaaimatory  new  formations,  and 
IS  our  knowledge  regarding  them  has  increased,  many  of  them  have  proven  to  be 
ncited  by  plant  parasites  (see  section  devoted  to  Infectious  Diseases). 
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Technique  of  Fixation  and  Hardening. 

In  general,  tumors,  like  all  tissues  for  microscopical  study,  should  be  cut  into 
small  pieces  before  immersing  them  in  the  preservative  fluids,  and  the  sooner  thej 
can  be  placed  in  these  after  removal  the  better  will  be  the  preservation.  For  Btudy  of 
the  finer  details  with  Zenker  or  other  special  fixatives  the  material  must  be  preserved 
within  an  hour  after  removal  at  operation.  In  some  cases  much  may  be  learned  from 
large  sections  of  tumors  together  with  their  surrounding  tissues.  In  this  case  the 
suitable  portion  of  the  tumor  must  be  preserved  whole,  and  is  best  fixed  in  5-per-cent. 
formaldehyde  followed  by  alcohol. 

It  is  often  important  in  the  study  of  tumors  to  examine  not  only  the  fully  devel- 
oped or  mature  tumor  structures,  but  also  those  portions  in  which  the  new  growth  is 
forming  and  in  which  it  is  encroaching  on  adjacent  parts. 

So  that  in  selecting  portions  of  tumors  for  preservation  and  study,  it  is  not  wise  to 
snip  off  a  small  piece  at  random,  but  a  careful  selection  should  be  made,  liberal  por- 
tions being  saved  from  the  centre,  from  the  periphery,  and  from  such  surrounding 
tissues  as  are  available.  For  the  ordinary  routine  hardening  of  tumors,  Orth'a  or 
Zenker's  fluid  followed  by  alcohol  may  be  recommended. 

Special  Forms  of  Tumors. 
FIBROMA. 

The  fibromata  are  composed  of  fibrillar  connective  tissue,  which,  as 
in  the  physiological  type,  is  sometimes  dense  and  firm,  Fibroma  durum, 
and  sometimes  loose  in  texture  and  soft,  Fibroma  moUe.     They  are  usu- 
ally sharply  circumscribed  and  are  frequently  encapsulated,  but  they 
may  be  diffuse  and  merge  imperceptibly  into  the  surrounding  tissue. 
They  are  frequently  small  and  insignificant,  but  occasionally  grow  to  an 
enormous  size.    Some  fibromata  consist  almost 
entirely  of  intercellular  substance,  containing 
but  few  flattened  or  spindle-shaped  cells  (Fig. 
197);    others    contain    very  many  variously 
shaped  cells   (Fig.   198).     The  cells  are  often 
more  abundant  in  one  part  of  the  tumor  than 
in  another.     The  denser  varieties  usually  con- 
tain but  few  blood-vessels,  although  they  are 
occasionally    quite   vascular.      Many   of  the 
softer    varieties   are  very    vascular.     Nerves 
OF  ^bdo«maT'«-Tl"l -rbhou*     are    occasionally  present.'      The  course  and 
ddhdh.  arrangement   of   the  fibres   in   these  tumors 

liv^Sue" 6brM ''^'''lu t 'aci™"     ^^^  Usually  irregular;    they  often   cross  and 
othera  are  cut  lengthwise.  '     interlace  in  a  most  complex  manner.     The 

fibromata  are  usually  of  slow  growth,  but  ex- 
ceptionally they  grow  rapidly.  They  are  benign  tumors,  but  by  pressure 
on  important  organs,  by  ulceration,  or  by  changing  into  other  varieties 
of  tissue  they  may  become  of  serious  import.  Pure  fibromata  do  not 
form  metastases,  but  they  are  often  multiple,  and  when  so  are  frequently 
congenital.     They  may  recur  when  not  fully  removed. 

It  seems  probable  that  in  the  multiple  fibromata  of  the  skin  (Fibroma 

I  For  a  study  of  elastic  aad  reticular  tissue  in  tumora  see  Bafdvin,  "  Vauahan  AnniveiHiy  Contri- 
butiong,"  1903.  p.  49S.     For  Bbnglia  fibrils  see  MaUorv.  Jour.  Med.  Ra..  vol.  liii..  p.  113,  190S. 


develop  on  the  skin  or  mucous  membranes  they  frequently  form  papillary 
outgrowths  covered  more  or  less  thickly  with  epithelium,  and  are  then 
called  papillomata  (Fig.  199).  Common  warts  of  the  skin  are  papillomata 
with  excessive  production  of  surface  epithelium.  To  the  papillomata 
also  belong  some  of  the  so-called  condylomata. 

The  so-called  cheloid,  composed  of  very  dense  fibrous  tissue  with  few 
cells,  often  develops  rapidly  in  old  cicatrices,  or  elsewhere,  in  the  skin, 
forming  flat  or  slightly  lobulated  tumors.  It  is  not  in  all  cases  clear 
whether  cheloids  should  be  regarded  as  tumors  or  as  inflammatory  new 
formations. 

Fibromata  are  frequently  combined  with  other  kinds  of  tissue  to  form 
complex  tumors.     The  looser,  softer  varieties  not  infrequently  become 


u  blood-voHb  ud  ■ 
Ie<r  mucoiu  gluida. 

cedematous,  when  they  may  closely  resemble  myxomata  (Fig.  198). 
Fibromata  are  liable  to  calcification  and  to  fatty  and  mucous  degenera- 
tion. By  metaplasia  they  may  partially  change  to  form  fibro-chondroma, 
fibro-Iipoma,  fibro-sarcoma,  or  fibro-osteoma.  The  latter  transforma- 
tion frequently  occurs  when  they  form  in  the  periosteum. 

Developing,  as  they  do,  in  the  connective  tissue,  fibromata  occur  in 
the  various  parts  of  the  body:  in  the  skin  and  subcutaneous  tissue;  in 
intermuscular  tissue  and  fasciae;  in  periosteum;  in  the  nerve  sheaths  and 
intrafascicular  connective  tissue;  in  the  dura  mater;  the  interstitial  tissue 
of  organs;  and  in  the  mucous  membranes.  Some  of  the  so-called  polypi 
of  the  mucous  membranes  (see  Fig.  200)  and  some  psammomata  are 
forms  of  fibroma;  the  former  are  often  soft  and  cedematous.     A  type  of 
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ird  encapsulated  fibroma  occurring  in  the  abdominal  wall  has  received 
le  clinical  name  of  desmoid. 

Occasionally,  in  the  ducts  of  glands,  fibrous  polypi  grow  to  an  enor- 
ous  extent,  their  epithelial  covering  keeping  pace  in  growth  with  their 
jvelopment,  until  they  form  very  large,  irregular,  loose-textured  tumors, 
hich  often  finally  ulcerate.  Such  forms  are  seen  in  the  mammary 
and,  where  they  are  sometimes  mistaken  for  carcinomata.  They  are 
died  inlracanalicular  fibromata,  or  perhaps  more  correctly  fibro-adeno- 
ala  (see  Fig.  587,  p.  847). 

It  is  often  very  difficult  to  distinguish  between  genuine  fibromata  and 
iflammatory  or  other  connective- tissue  hyperplasias,  such  as  elephant 
asis;  and  perhaps  the  fuller  knowledge  of  the  future  will  show  that  the 
istinctions  are  not  as  definite  as  our  classifications  indicate. 


Mucous  tissue  is  essentially  an  embryonic  tissue,  for  in  the  normal 
iult  it  is  present  only  in  a  very  imperfect  and  atypical  form  in  the 
itreous  of  the  eye,  and  perhaps  exceptionally  in  small  amount  about 
le  heart,  kidneys,  and  medulla  of  bone. 


The  myxomata  are  thus  essentially  embryonic-tissue  tumors.  These 
umors  consist,  in  their  most  typical  forms,  of  a  homogeneous  or  finely 
ibrillated,  soft,  gelatinous  basement  substance,  in  which  are  embedded 
■  variable  number  of  spheroidal,  fusiform,  branching,  and  often  anas- 
omosing  ceils  (Fig.  201).  They  may  contain  few  or  many  blood-vessels 
ad  sometimes  nerves.  By  the  addition  of  acetic  acid,  mucin  may  be 
irecipitated  from  the  basement  substance.  In  sections  it  is  usually 
tamed  with  hiematoxylin.  The  very  soft  forms  which  contain  compara- 
ively  few  cells  and  much  translucent  basement  substance  are  called 
Myxoma  gelalinoaum  or  M.  molle.     The  presence  of  many  cells  renders 
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them  more  consistent  and  gives  them  a  whiter  and  more  opaque  appear- 
ance; such  forms  are  called  M,  meduUare, 

Pure  myoxomata  are  very  rare.  The  myxomata  are  very  apt  to  be 
combined  with  fibrillar  connective  tissue  as  fibro-myxoma;  or  with  fat 
tissue,  lipo-myxoma;  or  take  part  in  the  formation  of  very  complex 
tumors.  Most  of  the  tumors  regarded  as  myxomata  are  really  of  a 
sarcomatous  nature,  but  such  structure  may  only  be  evident  in  small 
areas  of  the  tumor  and  therefore  is  frequently  overlooked.  The  myxo- 
mata may  be  diffuse  or  encapsulated  with  fibrillar  connective  tissue;  they 
are  frequently  very  large,  and  may  be  multiple.  Owing  to  the  character 
of  the  basement  substance,  the  blood-vessels  not  infrequently  rupture, 
giving  rise  to  larger  or  smaller  haemorrhages  within  the  tumor,  or  to  the 
formation  of  cysts.     The  cells  are  liable  to  undergo  fatty  degeneration. 

In  the  fibrous  tissue  of  many  tumors,  in  chronic  inflammation  of  the  mucous  mem- 
branes, variously  shaped  small  cells  occur  whose  bodies  contain  few  or  many  well- 
defined  basophile  granules  which  are  not  infrequently  mistaken  for  cocci.  Such  cells, 
called  "clasmatocytes,"  occur  in  various  parts  of  the  normal  body  and  resemble  in 
some  aspects  the  "mast"  or  basophile  cells  of  the  circulating  blood  but  they  are  prob- 
ably not  identical.  The  nature  of  the  granules  has  not  been  definitely  determined. 
Eosinophile  and  plasma  cells  are  also  very  frequent  in  the  mucous  tissue  of  nasa. 
polypi. 

Composed,  as  they  are,  of  a  type  of  tissue  from  which  fat  tissue  is 
developed  in  the  embryo,  the  relations  of  myxomata  to  fat  tissue  are 
very  intimate.  They  are  most  frequently  developed  in,  and  probably 
directly  from,  fat  tissue.  They  are  also  found  in  the  subcutaneous,  sub- 
mucous, and  subserous  tissue,  in  the  marrow  and  periosteum;  in  the 
brain  and  cord;  in  the  sheaths  and  intrafascicular  tissue  of  peripheral 
nerves;  in  intermuscular  septa;  and  in  the  interstitial  tissue  of  glands, 
such  as  the  mamma  and  parotid. 

The  pure  myxomata  are  in  general  benign;  yet  they  are  very  prone, 
especially  the  lipomatous  forms,  to  local  recurrence.  They  sometimes 
grow  very  rapidly,  and  sometimes,  though  very  rarely,  form  metastases. 
In  the  very  frequent  combination  with  sarcoma  they  may  exhibit  the 
most  marked  malignancy.  Some  of  the  polypi  of  mucous  membranes 
are  apparently  myxomata  or  fibro-myxomata.  On  the  other  hand,  many 
of  the  so-called  mucous  polyps,  those  of  the  nose  for  example,  are  simply 
oedematous  hyperplasiae  of  the  mucosa.^ 

(Edematous,  loose,  and  cellular  forms  of  fibrillar  connective  tissue 
so  closely  resemble  some  of  the  forms  of  mucous  tissue  that  certain 
observers  consider  them  identical.  So  prone  are  many  tumors  to 
undergo  mucous  degeneration,  and  so  frequent  are  the  combinations  of 
the  myxomata  with  other  forms  of  tumors,  that  it  is  often  difficult,  some- 
times impossible,  to  say  whether  the  mucous  tissue  in  a  given  composite 
tumor  is  primary  or  secondary. 

SARCOMA. 

These  tumors  are  formed  on  the  type  of  connective  tissue,  but  they 
are,  as  a  rule,  largely  composed  of  cells  with  well  developed  cytoplasm; 

'  See  reference  to  Wright,  p.  580. 
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e  basement  substance,  though  a  constant  and  important  factor,  being 
uch  less  conspicuous  than  in  adult  connective  tissue.  They  more 
jsely  resemble,  in  genera),  the  developing  connective  tissue  of  the 
:ibryo  or  the  granulation  tissue  of  inSammation. 

The  cells  of  the  sarcomata  are  most  varied  in  size  and  shape.  They 
ay  be  flat,  fusiform,  spheroidal,  or  branched,  and  even  cuboidal  or 
lindrical;  they  may  be  multinuclear  and  very  large,  or  they  may  be 
:ry  small  and  spheroidal,  resembling  leucocytes.  The  fibrillar  base- 
ent  substance  may  be  present  in  such  small  quantity  as  entirely  to 
cape  a  superficial  observation,  covered  as  it  may  be  by  the  abundant 
Us;  or  it  may  be  so  abundant  as  to  give  the  tumor  the  general  appear- 
ice  of  a  fibroma.     It  may  be  intimately  intermingled  with  the  cells  in 
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seicles,  or  it  may  be  in  large  open-meshed  networks,  giving  to  the 
imor  an  alveolar  appearance.  The  cells,  however,  always  stand  in  an 
timate  relationship  to  the  basement  substance,  which  they  sometimes 
veal  by  fibrillar  processes  continuous  with  it.  Blood-vessels  also  form 
constant  and  important  structural  element  in  these  tumors,  being  in 
ime  of  them  so  predominating  a  factor  that  they  give  structural  out- 
le  and  general  character  to  the  growth.  They,  too,  as  in  the  normal 
innective  tissue,  are  intimately  associated  with  the  basement  substance 
id  with  the  tumor  cells. 

Sarcomata  are  most  frequently  found  in  the  skin,  subcutaneous 
asue,  fasciie,  subserous  connective  tissue,  the  marrow  or  periosteum, 
id  in  the  choroid.  They  may  also  occur;  though  more  rarely,  in  the 
ira  mater;  brain  and  cord;  lymph-nodes;  in  the  adventitia  of  blood- 
%se]s,  and  in  nerve  sheaths;  in  submucous  tissue;  in  the  uterus  and 


ovary,  and  in  the  kidney.  In  the  liver,  pancreas,  lungs,  and  heart  they 
may  occur,  but  usually  by  metastasis. 

They  are  most  common  early  in  life.  The  cellular  character,  the 
rapid  growth,  the  vascularity  and  succulence  of  many  forms,  the  marked 
tendency  to  local  recurrence,  and  the  formation  of  metastaees,  stamp  the 
sarcomata  as  malignant  tumors.  But  in  this  they  vary  greatly;  while 
some  of  the  forms  belong  in  every  sense  to  the  most  malignant  of  tumors, 
others  grow  slowly,  are  very  dense,  and  may  remain  localized  and  harm- 
less for  years.  Their  tendencies  in  this  respect  will  be  mentioned  under 
the  special  forms. 

Intimately  related  as  they  are  to  the  blood-vessels,  metastasis  is  more 
apt  to  occur  through  the  blood  than  through  the  lymph  channels,  and 
consequently  adjacent  lymph-nodes  are  much  less  apt  to  be  involved 
than  in  some  other  forms  of  tumor,  notably  the  earcinomata.  The 
richly  cellular  and  vascular  forms  of  sarcoma  are  especially  prone  to 
haemorrhages,  degeneration,  and  ulceration. 


A  single  form  of  cells  is  often  so  predominant  as  to  furnish  a  suit- 
able qualifying  name  for  the  tumor,  but  in  many  cases  the  cell  form 
varies  greatly  in  the  same  growth.  It  may  be  said,  in  general,  that  there 
is  a  tendency  to  reproduce  in  these  tumors  some  of  the  special  charac- 
teristics of  the  tissues  in  which  they  originate.  Thus,  sarcomata  of  the 
bones  are  apt  to  be  osteo-sarcomata;  those  of  pigmented  tissue,  like  the 
choroid,  are  apt  to  be  pigmented  sarcomata.  It  will  be  more  convenient 
for  our  present  purpose  to  describe  briefly  the  more  common  forms  one 
after  another  than  to  attempt  any  systematic  classification  of  them. 
It  should  be  remembered,  however,  that  the  various  forms  are  not 
sharply  defined,  but  are  apt  to  merge  into  one  another  and  to  inter- 
mingle in  various  ways. 

Splttdle-celled  Sarcoma. — The  cells  in  these  tumors  may  be  large— 
large  s-pindU-celUd  S.  (Figs.  202  and  203);  or  they  may  be  small— smfll' 
spindle-celled  S.  (Fig.  204).  They  may  consist  largely  of  cells,  or  may 
contain  so  much  intercellular  fibrous  tissue  as  to  be  appropriately  call^ 
fibrosarcoma.  The  cells  are  frequently  arranged  in  fascicles,  whifh 
surround  the  blood-vessels,  and  these  fascicles  may  cross  and  interlace. 


while  great  variations  may  also  occur  in  the  relative  proportions 
betveen  cells  and  intercellular  tissue  in  different  parts  of  the  same  tumor. 
The  spindle-celled  sarcomata,  especially  the  small-celled  forms,  are,  as  a 
rule,  denser  and  iirmer  and  less  malignant  than  other  forms  of  sarcoma, 
but  to  this  there  are  many  exceptions.  They  may  be  encapsulated  or 
infiltrating.     To  this  class  belong  the  growths  formerly  described  as 
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fibro-plastic  tumors  and  recurrent  fibroids.  They  most  frequently  occur 
in  the  periosteum,  subcutaneous  tissue,  and  muscle;  but  are  also  seen 
in  the  uterus,  and  in  various  glands,  notably  in  the  mamma,  testicle, 
thyroid,  etc.     These  forms  are  among  the  most  frequent  of  the  sarcomata. 

Round-celled  Sarcoma. — Of  these  there  are  two  classes — 1,  smail 
round-celled  sarcomata  and,  2,  large  round-celled  sarcomata. 

1.  The  small  round-celled  sarcomata  consist  of  cells  of  about  the  size 
and  appearance  of  mononuclear  leucocji,es  (Fig.  205),  and  may  have 
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much  or  little  intercellular  substance,  which  may  be  irregularly  dis- 
posed or  arranged  in  large  meshes  resembling  alveoli.  In  many  cases, 
BO  small  is  the  quantity  of  intercellular  substance  that  it  is  difficult  of 
detection  without  special  modes  of  preparation.  These  tumors  often 
contain  many  blood-vessels,  and  may  be  very  soft  and  succulent.  Their 
growth  is  sometimes  rapid  and  they  are  often  very  malignant. 
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They  most  frequently  occur  in  the  connective  tissue  of  the  muscles 
and  fasciae,  in  bone,  and  in  lymph-nodes  (lymphosarcoma  or  lympho- 
cytoma  [Ribbert].'  They  also  occur  in  the  internal  organs,  not  infre- 
quently in  the  brain  and  retina,  associated  with  cells  of  the  glia  tj'pe. 
Whether  all  the  small  round  cells  are  glia  cells  or  whether  there  is  a 


mixture  of  cells  is  not  yet  fully  determined.     Such  tumors  are  generally 
designated  gliosaTcoma  (see  p.  388). 

2.  In  the  large  round-celled  sarcomata  {Fig.  206)  the  cells  vary  in 
size,  but  are  usually  very  much  larger  than  in  the  last  variety.  Their 
nuclei  are  usually  large  and  contain  prominent  nucleoli.     They,  too,  are 
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often  very  vascular,  and  contain  a  variable  quantity  of  basement  sub- 
stance. They  are  occasionally  alveolar  in  character.  They  are,  as  a 
rule,  less  soft  and  malignant  than  the  small-celled  varieties. 

Helano -sarcoma. — These  tumors    consist   most  frequently  of  poly- 
hedral cells  of  various  sizes.     They  are  characterized  by  the  presence  in 

IB  Irmpbo-urconu  of  dogi  see  Bttbe  ud  Emno,  Jour.  Ued.  Ho- 
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the  cells,  and  less  frequently  in  the  intercellular  substance,  of  larger  and 
smaller  particles  of  brown  or  black  pigment  (Fig.  207),  The  pigment 
is  usually  quite  irregularly  distributed  in  patches  or  streaks.  They  arise 
most  frequently  in  the  skin  (Fig.  208)  and  in  the  choroid.  Pigmented 
moles  of  the  skin  often  form  their  starting-points.'  They  belong  to  the 
most  malignant  of  tumors.  They  very  readily  form  metastatic  tumors 
in  various  parts  of  the  body,  which  are,  like  the  parent  tumor,  pigmented.' 

Various  fonns  of  tumors  may  contain  browniah  or  yellowish  pigmeot  deposited 
ta  them  by  the  degeDeration  of  the  hemoglobin  from  extravasated  blood;  these  should 
not  be  mistaken  for  melanotic  sarcomata.  The  blood  pigment  is  not  as  a  rule  n 
dark  aa  that  of  the  tumors  and  is  generally  included  in  phagocytic  cells  lying  in  the 
stroma  of  the  tumor.  Careful  search  will  usually  reveal  eystal  or  needle  forms,  and 
occasionally  an  iron  reaction  can  be  obtained  by  heating  sections  with  acid  and  potas- 
sium ferrocyanide. 
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Myeloid  or  Glant-celled  Sarcoma.— Tumors  of  this  class  are  usually 
formed  chiefly  of  spheroidal  or  fusiform  cells  of  variable  size,  but  their 
characteristic  feature  is  the  presence  of  larger  and  smaller  multinuclear 
cells,  called  giant  cells.  These  are  closely  intermingled  with  the  other 
cells,  and  may  be  very  abundant  or  very  few  in  number  (Fig.  209)- 
Giant  cells  may  occasionally  occur  in  other  tumors,  but  are  most  abun- 
dant and  characteristic  in  these.  Mitotic  figures  may  occasionally  be 
seen  in  the  nuclei  of  giant  cells  from  the  more  rapidly  growing  and 
recurrent  forms  (Fig.  210).  These  tumors  are  chiefly  formed  in  connec- 
tion with  bone,  and  may  originate  in  the  marrow  or  in  the  periosteum. 
They  are  sometimes  very  soft  and  vascular,  and  subject  to  interstitial 
hemorrhages.     Some  of  these  vascular  sarcomata  were  formerly  classed 

<  For  bibl.  at  muUiple  mclano^aroomatB  of  tbe  skin  aes  Witfon  and  Kalleyer,  Amar.  Jour.  Mtd.. 
Sci.,  vol.  oiivi.,  1003,  p.  751. 

>  On  tbe  ocaurrence  of  mcUmulia  in  csaea  of  melBno-urcoma  ooniuit  Tludur,  Tram.  NM  Vork 

Patli.  Sdc.,  isga,  p.  loa. 
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together  with  other  kinds  of  vascular  tumors  as  fungus  hsematodea. 
Some  of  the  forms  of  epulis  are  giant-celled  sarcomata  (Fig.  212), 

When  these  tumors  originate  in  the  marrow  of  the  long  bones,  which 
is  a  favorite  place  for  them,  they  are  apt  to  cause  resorption  of  the  bone; 
and  although  the  tumor  may  be  for  a  long  time  enclosed  by  a  shell  of 
new-formed  bone,  which  enlarges  with  the  enlarging  tumor,  it  usually, 
sooner  or  later,  breaks  through  this  and  infiltrates  adjacent  tissues. 
They  may  form  metastases  and  frequently  grow  to  a  very  great  size. 
though  relatively  much  more  benign  in  nature  than  the  other  types  of 
sarcoma.     The  giant  celled  sarcomata  arising  in  the  maxillary  borders 


(epulis)  are  generally  quite  innocuous  if  carefully  removed.  In  one  aeries 
only  two  recurrences  were  noted  in  seventy  cases.  If  the  excision  is 
imperfect,  repeated  local  recurrences  may  take  place  without  metastases 
forming  elsewhere  in  the  body.  The  periosteal  forms  are  apt  to  be 
firmer  in  texture,  and  are  prone  to  the  development  of  irregular  masses 
of  new  bone  within  them,  thus  forming  one  of  the  varieties  of  osteo- 


Osteo -sarcoma. — These  are  spindle-  or  round-celled  tumors,  usually, 
but  not  always,  connected  with  bone,  in  which  irregular  masses  of  bone 
tissue  are  present.  The  bone  is  usually  of  irregular  atypical  structure, 
the  regular  lamellation  and  typical  Haversian  canals  being  usually 
absent  (Fig.  211).     Not  infrequently  calcification  is  very  imperfect  or 


abaent.  The  osteo-sarcomata  are  prone  to  form  metastases,  especially 
in  the  lungs,  in  which  are  present  all  the  characters  of  the  original  growth. 
Angiosarcoma. — In  many  of  the  sarcomata  in  various  parts  of  the 
body  the  blood-vessels  form  so  prominent  and  important  a  feature  as 
to  give  special  character  to  the  growth,  not  alone  by  their  size  and 


Tumor  from  Ibe  arm.     Sometimes  called  pcrilhelial  ureomA. 

general  prominence  (Fig.  213),  but  sometimes  by  the  peculiar  arrange- 
ment which  their  presence  gives  to  the  cells.  While  in  most  of  the 
sarcomata  the  blood-vessels  have  a  very  important  influence  in  determin- 
ing the  topography  of  the  tumor,  in  most  of  the  denser  and  in  many  of 
the  softer  varieties  this  influence  is  not  easily  traced.  In  many  forms, 
however,  particularly  those  which  are  soft  and  very  cellular,  the  cells 
are  closely  grouped  around  the  vessels,  developing  in  their  adventit^ 
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and  forming  sheaths  around  them  (Figs.  213  and  214).  The  masses  of 
cells  thus  formed,  with  a  blood-vessel  for  a  centre,  may  be  closely  packed 
together  in  long  strings  with  more  or  less  frequent  anastomoses  or  they 
may  be  arranged  in  rounded  groups,  giving  to  the  tumor  an  alveolar 
appearance    (Fig.    215).     Such    tumors    are    called    a ngio -sarcomata. 
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Simple  vascularity,  although  this  be  extreme,  does  not  make  of  a  tumor 
an  angio-sarcoma. 

Alveolar  Sarcoou. — Sometimes,  as  above  stated,  the  basement  sub- 
stance of  the  sarcomata,  particularly  in  some  of  the  round-celled  varieties, 
is  quite  abundant  and  arranged  in  a  wide-meshed  net,  in  the  meshes  of 
which  the  cells  lie.  These  spaces  are  called  alveoli,  and  this  variety 
of  structure  has  acquired  importance  from  the  general  resemblance 
which  these  tumors  have  to  the  well-defined  and  characteristic  alveolar 
Btructure  which  many  of  the  carcinomata  exhibit.  It  is  true  that 
occasionally  the  resemblance  is  very  close  indeed,  but  usually  the  sar- 
comata present  a  more  or  less  intimate  relation  between  the  cells  and 
basement  substance.  The  cells  usually  do  not  simply  lie  in  the  cavities, 
but  are  often  attached  to  the  intercellular  substance,  which  not  seldom 
sends  finer  trabecule  into  the  alveoh  between  the  cells,  A  careful  study 
of  sections  especially  prepared  to  show  the  finer  connective-tissue  fibrils, 
by  silver  impregnation  for  example,  may  be  required  and  sometimes  a 
careful  shaking  of  sections  in  water  is  necessary  to  reveal  the  characters 
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of  the  reticulum.  The  cells,  moreover,  are  usually,  though  not  always, 
distinctive  in  character.  This  form  of  tumor  is,  in  some  cases  at  least, 
determined,  as  above  stated,  by  the  new  formation  and  peculiar  arrange- 
ment of  the  blood-vessels.  Tumors  of  this  kind  are  not  common,  but 
may  occur  in  the  skin,  lymph-nodea,  bone,  and  pia  mater.  They  are 
usually  very  malignant.  Many  of  these  tumors  are  doubtless  more 
properly  classed  among  the  endotheliomata,  while  some,  especially  those 
from  the  skin  and  from  the  lymph-nodes  of  the  neck  are  not  improbably 
derived  from  epithelium  left  during  embryonic  development. 

Mixed  Forms  of  Sarcoma. — In  addition  to  the  above  more  or  less  well- 
defined  forms  of  sarcoma,  there  exist  various  modifications  which  have 
received  special  names.  The  sarcomata  in  which  cysts  form,  either  by 
the  softening  of  tissue  by  degeneration,  or  by  the  <lilatation  of  gland 
ducts  by  pressure,  or  by  the  new  formation  of  tissue  in  gland  ducts  or 
alveoli  which  dilate  with  the  growth  of  the  tumor,  have  received  the 
name  of  cysto-sarcomata. 
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Mucous  degeneration  is  frequent  in  the  various  forms  of  sarcoma.  A 
combination  of  myxoma  and  sarcoma — myxosarcoma — is  common  (see 
Fig.  216). 

Combinations  of  sarcoma  with  fat  tissue,  Upo-sarcoma;  with  glandu- 
lar structure,  adeno-sarcoma  (Fig.  217);  with  cartilage,  chondrosarcoma; 
with  muscle  tissue,  myo-aarcoma;  and  with  various  other  tissues,  are  of 
frequent  occurrence.  Usually  these  accessory  forms  of  connective  or 
epithelial  tissue  structures  play  a  subsidiary  part  in  the  metastatic 
activities  of  the  growth,  but  in  rare  instances  muscle  fibres  seem  to  obtain 
some  of  the  powers  of  indefinite  multiplication  generally  obeerved  only 
in  the  less  specialized  forms  of  connective  tissue,  and  tumors  made  up 


almost  wholly  of  such  fibres  have  been  reported.  This  form  of  new 
growth  is  sometimes  termed  a  malignant  myoma  but  generally  is  classi- 
fied as  a  myo-sarcoma. 

Some  forms  of  psammoma,  or  "  brain-sand,"  found  chiefly  in  the  dura 
mater,  are  Jibro-sarcomata  or  endolkeliomala,  which  have  undergone 
calcification,  the  lime  being  deposited  in  lamellated  masses  of  various 
shapes  within  them. 

Some  of  the  soft  papillomata  and  warts,  and  occasionally  the  polypi 
of  the  mucous  membranes,  belong  to  the  type  of  sarcoma  or  myxo- 
sarcoma. 

The  so-called  chloroma  is  a  small  round-celled  growth  characterized  by 
its  greenish  color;  it  occurs  with  especial  frequency  in  bone  and  is  often 
multiple.     The  nature  of  the  coloring  material  is  uncertain  (see  p.  478)-' 

A  special  type  of  sarcoma  is  one  arising  from  the  cells  of  the  boM 
marrow,  known  as  myeloma.     The  growth  is  usually  multiple,  occurrin? 

'For  B  discussion  of  the  rebtionahip  of  chloroma  to  blood  piolures  ■imulaliiiB  cerUin  ()'[><■  °' 
leukiemia  gee  Dwt.  Amer.  Jour.  Med.  Sci.,  vol.  cvi.,  p.  152,  1893.  bibl.,  SItnbrrg,  Lubareth  ■m' 
0«l«rtiM!-B  "ErKebnisse  d.  ollg.  Path.,"  Jahtg.  9,  Abtb.  1903,  p.  360:  and  irtndorj,  Etsebiu«  ^ 
ionar.  Med.,  1910,  Bd,  vi..  p.  221. 


most  frequently  in  the  skull,  vertebral  column,  and  thorax,  and  leads  to 
absorption  of  the  bone.  As  a  rule,  in  contrast  to  chloroma,  no  marked 
changes  are  seen  in  the  circulating  blood.     For  further  details  see  p.  902. 

ENDOTHELIOMA. 

An  endothelioma  is  a  tumor  derived  from  endothelium.  It  most 
commonly  originates  in  the  endothelium  of  the  blood-  or  lymph-vesaels 
or  the  lymph-spaces. 

Tumors  originating  in  the  mesothelium  of  the  great  serous  cavities, 
the  pleural,  pericardial,  and  peritoneal,  are  in  many  respects  similar  to 
those  arising  from  the  blood-  and  lymph-vessel  endothelium,  and  we  may 
therefore  for  the  present  group  them  among  the  endotheliomata,  though 
it  might,  on  some  accounts,  be  better  to  call  them  mesotheliomata.>     A 
certain  proportion  of  the  gelatinous 
tumors  covering  the  surface  of  the 
peritoneum   have   been   shown  to 
arise  from  small  primary  growths 
of   the   ovary,   the   mucous   mem- 
brane of  the   gall-bladder,  or  the 
gastro-intestinal  tract;  it  is  there- 
fore    important    to    exclude    this 
particular   group   from   the  endo- 
theliomata. 

Endothelial  cells  are  normally 
elongated  and  thin,  forming  a 
mosaic  over  the  surfaces  which 
they  line.  Under  various  ab- 
normal conditions,  however,  in 
hyperplasia,  in  inflammation,  and 
in  the  reparative  processes,  these 
cells  may  become  thicker  than 
normal,  even  cuboidal  in  shape. 

So  also  in  the  endotheliomata, 
the  cells  seldom  resemble  the  normal  endothelium,  but  are  cuboidal, 
polyhedral,  or  even  cylindrical  in  shape,  or  on  pressure  may  assume 
elongated,  fusiform,  or  other  bizarre  forms.  The  cells  in  endotheliomata 
may  form  more  or  less  distinct  tubular  structures,  recalling  their  original 
function  as  lining  cells,  but  they  may  be  piled  in  several  layers  over  one 
another  with  an  open  lumen  here  and  there,  or  finally  they  may  form 
solid  reticular  masses,  scarcely  to  be  distinguished  on  morphological 
grounds,  with  our  present  knowledge,  from  certain  forms  of  epithelial- 
cell  tumors — carcinoma. 

The  cell  masses  in  endothelioma  are  enclosed  by  a  varying  amount 
of  fibrous  tissue,  either  old  or  new-formed.  This  stroma  is  often  vascu- 
lar and  sometimes  appears  in  places  to  consist  almost  wholly  of  vessels 

■  For  ■  study  ol  the  relatkmihip  betveen  endothelium  and  mssoUiellum  see  Minot,  Scieoce.  Mar.  2S, 


around  which  the  tumor  cell8  are  packed,  the  whole  resembling  some  of 
the  forms  of  angio-sarcoma. 

These  tumors  developing  from  the  endothelium  of  the  vessels  or 


Fia.  219.— Ehdotbiliom 


lymph-spaces  sometimes  exhibit  a  structure  closely  simulating  that  of 
tubular  glands  lined  with  more  or  less  cuboidal  epithelium  (Fig.  218). 
When  originating  in  the  blood-vessels  these  tumors  are  called  hmmangio- 


endothdiomala;  when  derived  from  the  lymph-vessels  they  are  called 
lympkangio-endotkeliomata. 

Sometimes  the  cells  of  the  endotheliomata  are  packed  together  in 
dense  ^concentric  masses,  which  may  have  a  glistening  appearance,  and 
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such  tumors  are  sometimes  called  cholesteatomata.^  Although,  for  the 
most  part,  the  peculiar  glistening  appearance  of  these  tumors  is  due  to 
the  closely  packed  thin  cells  which  compose  them,  they  not  infrequently 
contain  crystals  of  cholesterin,  which  may  share  in  producing  this  char- 
acteristic appearance.  But  the  cholesterin  may  be  absent,  or  present 
in  small  amount. 

In  the  dura  mater  endotheliomata  are  formed  of  densely  packed 
masses  of  flattened  cells  (Fig,  219);  or  the  cells,  often  polyhedral  or 
cuboidal  in  shape,  are  grouped  around  blood-vessels  (Fig.  227) ;  or,  finally, 
they  develop  in  closely  packed  concentric  masses  forming  one  of  the 
types  of  psammoma  (Figs.  220  and  221). 


The  stroma  of  the  endotheliomata  may  undergo  various  forms  of 
alteration,  developing  hyaline,  myxomatous,  or  cartilaginous,  or  very 
dense  fibrous  characters  (Fig.  222) ;  or  it  may  atrophy,  leaving  the  pro- 
liferated endothelium  and  the  blood-vesaets  as  the  chief  structural 
elements.  On  the  other  hand,  hyaline  and  mucous  degeneration  of  the 
endothelial  cells  may  occur  (Fig.  223),  and  considerable  collections  of 
these  materials,  free  from  the  cells  but  surrounded  by  the  cell  masses, 
may  give  a  cystic  character  or  lend  a  glandular  appearance  to  the  growth. 

Such  tumors — in  which  homogeneous  or  striated  cylinders  of  hyaline 
or  mucoid  material  (Fig.  224),  often  closely  surrounded  by  layers  of 
cuboidal  or  flattened  cells   (Fig.   225),  form  a  striking  feature — have 

'  It  i*  believed  by  Bostroem.  Ribbert,  and  others  tbat  the  cholateatomstn  lire  dermoid  itnictura* 
loiBiad  from  diiplaced  epidermal  tbgus.  See  BoUroem.  Centbl.  f.  nllg.  Path..  Bd.  viii.,  p.  t,  1S9T: 
AMot,  "Lehrti.  d.  allg.  Path.."  p.  660.  1905. 


sometimes  beea  called  cylindromala.  It  is  probable  that  some  of  the 
tumors  included  here  belong  more  properly  among  the  so-called  basal- 
celled  carcinomata  (see  p.  408). 

The  stroma  of  the  endothelioma  may  become  sarcomatous  and  thus  a 
mixed  tumor — a  sarcomatous  endothelioma — may  be  formed. 

The  endotheliomata  may  be  single,  nodular,  and  of  considerable  siie; 
or  they  may  be  multiple,  numerous  small  tumors  being  scattered  over 
the  surface  of  the  part  in  which  they  grow.  They  may  even  form  a 
thick  or  thin  pellicle  over  surfaces,  or  cause  adhesions  between  adjacent 
organs.     They  may  form  metastases. 


ElhowinB  deom  coDaective  tiwus  sunoundiiis  the  blood-vesaeli  between  Uis  nUcubir  eudotbelitl-M'' 

They  occur  in  the  dura  mater  and  pia  mater,  in  the  pleura  and  perit- 
oneum, and  tumors  thus  named  have  been  described  as  occurring  in 
the  skin,  bone,  gums,  lymph-nodes,  ovary,  liver,  brain,  testicle,  glandula 
carotica,  and  salivary  glands.' 

It  is  probable,  however,  that  a  considerable  number  of  these  tumors, 
especially  those  of  the  salivary  glands,  should  be  grouped  among  epithe- 
lial growths  arising  in  some  congenital  anomaly.  See  Tumors  of  the 
Salivary  Glands,  p.  700.^ 

'  For  a  diecusioD  of  the  eadolheUoiimta  coniult: 

V.  VoUimann. "  Ueber  endotheliale  Geachwalate,"  DeutHh.  Zeits.  f.  Cbir.,  Bd.  ili.,  p.  1.  IvbanA. 
"ErsebDiued.  all«,  Pstb.."  Jshrc- i.,  Ab(h.2,  P.3W:  Abo"Elnd<ilhetiom.,"iU<j,,  Jabis.  iL,  p.  GM. 

For  embryo loB[ical  cooaiilerAtioiu  bearing  od  the  aub^eot  fee: 

Glockncr.  Zeila.  t.  HeilkiiDde,  Bd.  zvili.,  p.  209,  1897;  Marckaitd.  Verb,  der  Deutocli.  pkUi.  Gad' 
•ch.,  Bd.  ii.,  p.  38.  1900. 

On  the  ocourrence  of  giant  oella  and  cella  iritfa  very  large  nuclei  in  aadothelkun*  *ee  ^ocbiT. 
Zlegler's  Beitr.,  Bd.  xxvi..  p.  73,  1900. 

■Foraatudy  oF  tumora  of  the  aalivary  glands  and  their  alleged  nature  ■«  Wood,  Anaiia  el  SmwiT 
vol.  xxxii..  p.  G7.  1904. 
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The  difficulty  of  diagnosis  in  certain  of  the  endotheliomata  depends 
upon  the  fact  that  the  cells  in  the  developed  tumors  assume  forms  so 
entirely  different  from  the  normal  endothelium,  and  upon  the  impossi- 
bility in  many  caees  of  detecting  the  origin  of  the  tumor.  In  many 
instances  one  is  forced  to  rely  in  a  measure  upon  the  probabilities  of 
origin  as  indicated  by  the  seat  of  the  tumor. 


Showins  tba  formatkia  o(  mueui  within  tfae  eudothelial-cell  musa;  tbs  muBua  is  slBiued  with  hBma- 
toiylia. 

The  alleged  transition  forms  of  cells  which  may  be  found  in  the  peri- 
phery of  such  tumors  between  the  tumor  cells  and  the  endothelium 
of  blood-  or  lymph-vessels  must  be  accepted  with  caution  as  evidence, 
since  we  have  reason  to  believe,  as  we  have  seen  above  (p.  337),  that  the 
characteristic  cells  of  a  tumor  are  the  direct  descendants  of  those  in 
which  the  growth  started  and  are  not  derived  from  a  later  growth  of 
the  cells  of  the  part  in  which  the  tumor  is  situated. 

One  may  be  able  to  differentiate  between  carcinoma  and  endothe- 
lioma by  the  discovery  of  definite  epithelial  characters  in  the  cells,  such 
as  secretion  products,  spines,  and  corneous  transformations.     Or,  on 


the  other  hand,  one  may  discover  a  more  intimate  relationship  between 
the  cells  and  the  stroma  which  characterizes  the  endotheliomata  as 
tumors  of  the  connective-tissue  type.  Thus  in  some  endotheliomata 
one  may  discover  that  the  external  layers  even  of  cuboidal  cells  send 
processes  out  among  the  surrounding  fibrils  of  the  stroma.  One  may 
furthermore  discover  a  small  amount  of  fibrillar  tissue  among  the  cell 
masses  in  the  endotheliomata  which  otherwise  resemble  epithelium. 


Lipomata  are  tumors  formed  of  tat  tissue.  The  fat  tissue  (Fig.  228) 
occurs  in  lobules  and  is  similar  to  normal  fat,  except  that  the  cells  and 
lobules  are  usually  larger  and  less  regularly  arranged.     Occasionally  a 


considerable  number  of  the  cells  resemble  those  of  embryonic  or  rapidly 
growing  fat  tissue.  There  may  be  little  connective  tissue  in  the  tumors, 
when  they  are  very  soft,  almost  fluctuating — lipoma  moUe — or  there  may 
be  80  much  as  to  give  the  tumor  considerable  firmness — fihro-iipoTm. 
They  may  be  in  part  transformed  into  mucous  tissue — myxo-lipoma- 
Cartilage  not  infrequently  develops  in  them,  or  they  may  undergo  par- 
tial calcification. 

Occasionally  the  blood-vessels  are  very  abundant  and  dilated — 
angio-lipoma.  They  are  usually  sharply  circumscribed,  but  may  infil- 
trate surrounding  tissues.  They  are  not  infrequently  pedunculated. 
They  sometimes  grow  to  enormous  size  and  may  ulcerate. 

They  are  usually  isolated,  but  may  be  multiple,  and  are  occasionally 


eymmetrically  arranged  in  relation  to  the  median  dorso-ventral  plane 
of  the  body.  They  are  common  tumors,  occurring  usually  in  the  sub- 
cutaneous or  other  fat  tissue.  They  may  occur  in  the  mucous  membrane 
of  the  gastro-intestinal  canal,  in  the  peritoneum,  more  rarely  in  the  dura 
mater,  kidney,  liver,  and  lungs.  They  are  benign  tumors,  not  forming 
metastases;  but  they  may  be  deleterious  by  ulceration  or  gangrene,  and 
when  not  fully  removed  may  exhibit  local  recurrence.  They  may 
become  sarcomatous. 

CHOHDSOMA. 

These  tumors,  composed  of  either  of  the  forms  of  cartilage,  are  usually 
hard,  but  sometimes  quite  soft.  The  cells  do  not  present  the  same 
uniformity  in  size,  shape,  number,  and  relative  position  that  they  do  in 


normal  cartilage  (Fig.  229).  Sometimes  they  are  very  large,  spheroidal, 
and  grouped  in  masses,  and  again  small  and  far  apart.  They  are  fre- 
quently fusiform  or  branching.  Fibrillar  connective  tissue  in  varying 
quantity  is  usually  present  in  the  chondromata,  either  as  a  perichondria! 
capsule  or  running  in  bands  between  the  nodules  of  cartilage,  or  passing 
in  fascicles  into  them.* 

The  cartilage  may  change  to  mucous  tissue,  forming  myxo-ckondroma, 
the  cells  may  undergo  fatty  degeneration  or  they  may  calcify  or  ossify — 
osteo-ckondroma.  Chondromata  frequently  form  a  part  of  mixed  and 
complex  tumors. 

They  may  form  in  connection  with  bone  or  cartilage  usually  at  an 
epiphyseal  line  or  in  subcutaneous  connective  tissue  and  fasciae.     They 

■  For  *  itudy  o(  tb<  minut«  «tructur«  of  cartilage  tumora  see  BmM,  Ziisler's  Beitr.,  Bd.  iiiviii., 
p.  «7.  1905 
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may  occur  in  soft  parts  where  cartilage  is  not  normally  present,  as  in  ihe 
parotid,  testicle,  mamma,  and  ovaries,  where  they  are  apt  to  be  mixed 
with  other  tissue.  Under  these  conditions  they  doubtless  arise  from 
developmental  anomalies.  They  may  form  in  the  lungs  in  connection 
with  the  bronchial  cartilages  or  from  embryonal  displacement  of  portions 
of  these. 

Chondromata  are  in  general  benign  tumors.  Sometimes,  however, 
they  assume  malignant  characters,  encroaching  largely  upon  adjacent 
tissues,  growing  into  and  along  the  lumen  of  blood-vesBols  and  formini 
metastases,  especially  in  the  lungs  and  heart.'     The  malignant  chondro- 


I,  228.— Sacboco 


mata  are  softer  than  others  and  may  be  even  of  gelatinous  consistence. 
A  critical  re-examination  of  some  of  the  reported  metastases  has  shown 
that  the  phenomenon  has  occurred  in  the  mixed  types  rather  than  in  the 
pure  chondromata  in  which  recurrence  is  apt  to  be  local  only. 

Small  hyperplastic  growths  on  the  surfaces  of  cartilages  are  called 
ecchondroses. 

CHORDOMA. 

The  chorda  dorsalis,  an  important  structure  in  the  embryo,  persist* 
in  the  adult  only  as  a  small  remnant  in  the  intervertebral  discs.  TfiB 
tissue  consists  of  large  cells  with  swollen  cell  bodies  lying  in  a  bomo- 
geneous,  jelly-like  stroma.  The  extremely  rare  tumors  of  this  tissue 
are  found  most  frequently  at  the  base  of  the  brain  on  the  clivus  jus^ 
behind  the  sella  turcica.     They  may,  however,  occur  anywhere  tio^i 

>  For  a  itudy  of  metutana  u>  cbondroma  see  Enm,  Ziesler'a  Beitr.,  Bd.  xxviij.,  p  251.  IWO.liiU 


the  spinal  cord  or  grow  from  the  sacrum  and  coccyx.  The  small  tumors 
occurring  at  the  base  of  the  brain  are  often  quite  benign,  but  a  consider- 
able number  are  now  on  record  in  which  the  tumor  developed  into  a  large 
mass  infiltrating  the  brain  substance'  or  grew  into  the  roof  of  the  pharynx.* 
Both  benign  and  malignant  growths  have  been  described  as  derived 
from  the  sacrum.' 


In  those  tumors  which  reach  a  large  size  and  show  evidence  of  malig- 
nancy the  cells  vary  considerably  from  the  origiQal  type  of  the  chorda 
tissue   (Fig.  226). 


The  formation  of  bone  in  the  body  in  abnormal  places  occurs  quite 
frequently  and  under  a  great  variety  of  conditions.  It  is  on  this  account 
not  easy  to  define  the  term  osteoma,  and  it  is  frequently  difficult  to 
decide  whether  or  not  a  given  mass  of  new-formed  bone  should  be  thus 
designated.  Bone  tissue  often  occurs  in  tumors  of  the  connective-tissue 
group  as  a  secondary  or  complicating  structure — osteo-ftbroma,  osleo- 
choTuiroma,  o8teo-saTcoma ,  etc.  It  may  occur  in  muscles  or  fascia  as  a 
result  of  the  repeated  trauma  of  certain  exercises,  or  as  a  result  of  a 

iJtIHfft  ud  Lartin.  Jour.  Nerv.  and  Ment.  Di«.,  1912.  iMii,  1, 
■  LincJi,  Zkcler'a  Beitr..  1909.  xlvi..  573. 
•  FtUmann.  Ziegta't  Beitr.,  1910,  Ixviii..  030. 

For  •  full  biblio«nphr  tee  Ribbiri,  Oachwulsllehre,  Bodd,  IWM,  p.  149;  aba  Frmkil  it  Battal. 
Anb.  •!«  mod.  exp«r.,  1910,  xxii..  703. 


peculiar  inflammatory  process,  Myositis  ossificans,  or  it  may  occur  in  con- 
nection with  chronic  inflammation  in  a  variety  of  tissues.  A  circum- 
scribed mass  of  abnormal  bone,  not  of  inflammatory  origin,  may  be  called 
an  osteoma.     Small  masses  of  new-formed  bone  of  various  shape,  pro- 


Tbe  lectkiii  abnn 

jecting  from  a  bony  surface  and  frequently  of  inflammatory  origin,  are 
usually  called  osteophytes.  Bony  tumors  projecting  from  the  surface  of 
bones  are  frequently  called  exostoses. 

An  osteoma  may  be  loose  in  texture,  consisting  of  bone  tissue  similar 
to  cancellous  tissue;  or  it  may  be  very  hard  and  dense  like  ivory,  so 


called  ivory  exostoses.  The  difference  between  these  forms  lies  chie6y 
in  the  varying  number  and  size  of  the  vascular  and  medullary  spaces 
which  they  contain.  The  growth  of  the  osteomata  is,  as  a  rule,  slow. 
They  are  benign  tumors,  and  are  not  infrequently  multiple. 
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Osteotnata  may  develop  in  connection  with  the  bone  or  periosteum, 
which  is  moBt  frequently  the  case,  or,  independently  of  bone,  in  soft  parts. 

New-formed  bone  has  been  found  in  the  soft  parts  of  the  body;  in 
the  brain  substance,  dura  mater,  and  pia  mater;  in  the  pleura,  diaphragm, 
and  pericardium;  in  the  skin,  choroid,  air  passages,  lungs,  kidnej's,  aorta, 
ajid  penis,  and  in  other  places. 
To   what  extent  some  of  these 
bone  formations  may  have  been 
due  to  inflammatory  action  it  is 
not  possible  to  say,  but  it  seems 
probable  that  in  many  of  the 
cases  cited  above  an  inflamma- 
tory or  degenerative  process  pre-  ' 
ceded  the  bone  formation. 

Odontoma. — Tumors  are  some- 
times formed  from  the  pulp  dur- 
ing the  development  of  the  teeth. 

When  these  contain  dentin  they  ^'°-  ^so-g^o"*  <"  Bra.h. 

are  called  odontomata. 


The  gliomata  are  developed  from  the  characteristic  framework  of 
nerve  tissue,  the  neuroglia,  which  in  structure  many,  though  usually  not 
all,  of  its  cells  closely  resemble.     Small  cells  with  inconspicuous  bodies 
and  numerous  delicate  branching  processes  are  most  characteristic;  but 
in  connection  with  these  there  is  usually  a  greater  or  less  number  of 
small  spheroidal  cells  with  pro- 
portionally    large    nuclei    (Fig. 
230),     It  is  usually  necessary  to 
shake  sections  in  water  or  care- 
fully   tease    fragments    of    the 
tumor  in  order  to  see  the  char- 
I  acteristic  neuroglia  or  so-called 

"spider"  cells  (Fig.  231).  It  is 
held  by  Weigert  and  others  that 
the  so-called  branches  of  the 
neuroglia  cells  are  rather  fibrils 
lying  close  beside  the  cells  than 
Flo.  231.— NstTBoauA  ob  "Sfideb"  Olu  actual  branches.'     Certain  glio- 

nox  GuoMx  or  rum  b^un.  ^^ta  are  marked  by  an  alveolar 

a«ed  ipMuneo.  arrangement  of  their  cells  which 

resemble  the  ependymal  cells  and  may  line  small  cavities  or  present  a 
rosette-like  arrangement;  one  side  of  the  cells  being  free,  the  others 
sending  prolongations  into  the  surrounding  tissues.  Such  tumors  most 
clearly  reveal  their  ectodermal  origin. 

Gliomata  may  contain  very  numerous  and  frequently  dilated  thin- 

■  Bm  n(.  UaOery.  foot-nata.  p.  388. 


walled  blood-vessels.     They  may  be  very  soft  or  moderately  hard;  and, 

especially  when  occurring  in  the  substance  of  the  brain,  are  frequently 
not  sharply  outlined  against  the  adjacent  normal  tissue.  They  usually 
occur  singly,  and  are  comparatively  slow  in  growth. 

They  are  frequently  associated  with  other  tumor  tissue,  forming 
glio-myxoma,  glio-sarcoma,  etc.  Owing  to  the  abundance  of  thin-walled 
blood-vessels  and  the  softness  of  the  growth,  they  are  liable  to  inter- 
stitial hfemorrhages,  and  may  then,  when  occurring  in  the  brain,  readily 
be  mistaken  for  ordinary  apoplectic  clots.  They  are  liable  to  fatty 
degeneration.  They  usually  occur  in  the  brain,  spinal  cord,  and  in  the 
optic  and  other  cerebral  nerves.  Some  of  the  so-called  gliomata  of  the 
retina  are  apparently  small  spheroidal-celled  sarcomata;  others  arising 
through  embryonal  defects  from  the  external  retinal  layers  are  called 
neuTO-epiikeliomata. 

Pure  gliomata  are  benign  tumors,  though  in  their  most  common 
combination  with  sarcoma  they  may  be  very  malignant.  Their  usual 
situation,  however,  is  such  as  to  make  them  almost  always  significant, 
although  technically  they  are  benign  tumors.' 


Thia  ia  ol  the  sn 


HYOBU. 

Tumors  composed  of  muscle  tissue  are  of  two  kinds,  following  the 
two  normal  types  of  muscle,  the  non-striated  and  the  striated. 

I.  Leiomyoma,  Myoma  Levicellulare. — The  characteristic  elements  of 
these  tumors  are  fusiform,  smooth  muscle  cells,  with  elongated  or  rod- 
shaped  nuclei.  These  are  packed  closely  together,  frequently  inter- 
lacing and  running  in  various  directions,  and  are  intermingled  with  » 
variable  quantity  of  more  or  less  vascular  fibrillar  connective  tissue 
(Fig.  232).  When,  as  is  not  infrequently  the  case^  the  connective-tissue 
elements  are  present  in  large  amount,  the  tumor  is  called  a  fibrorn 

■  Our  knonledee  oC  the  normal  neuroElia  u  stiU  too  meagre  to  pennit  ua  to  undentand  mj  U»r- 
oushly  thia  ekaa  of  tumon.  and  to  sepuste  it  Bs  prscisely  aa  could  be  wished  f  nim  certain  of  it*  ■Hi"' 
amonc  the  abnomul  CDODective-tiBaue  growtha.  For  a  study  of  "neuroglia  fibrils"  and  (he  claauia- 
tiOD  of  the  (liomatu  see  JUaUoru.  Jour.  Med.  fies..  vol  xiii..  p.  1 13.  IMS:  Jour.  Eip.  Ued.,  ml  I> 
p.  E7S,  190S. 


myoma.     In  auch  tumors  it  should  be  remembered  that  the  muscle,  not 
the  connective  tissue,  is  still  the  essential  characteristic  feature  (Fig.  233). 

It  is  not  always  easy  to  distinguish  leiomyomata  from  certain  con- 
nective-tissue tumors,  small  spindle-celled  sarcoma,  cellular  fibromata. 
In  normal  smooth  muscle  tissue  the  characteristic  cell  is  spindle-shaped, 
sharply  outlined  with  rod-shaped 
nuclei.      The     tapering    cells    are  ,^    ' 

placed    with   overlapping  ends,  in  *    t 

clusters    and    bundles    surrounded  ^--*. 

by  more  or  less  fibrillar  connective  ■  "^ 

tissue  which  bears  the  vessels  and  ^ 

nerves.      In    addition    to    certain  "^ 

fibrils  within  the  cells,  the  smooth         m^^^ 
muscle    cells    are    furnished    with 
delicate  fibrils  lying  along  the  peri-  _  -  . 

phery  of  the  cell  parallel  with  its         — ^r^i- 
long  axis,  and  extending  along  the 
overlapping  cell  columns.      These 
are  called  my oglia  fibrils. 

In  leiomyomata  the  muscle  cells 
as  well  as  their  nuclei  vary  con- 
siderably in  shape.  They  both 
may  be  long  and  slender,  or  short 
and  plump,  the  latter  forms  with  .,^  - 
mitotic  figures  prevailing  especially  ., 

.       .,  "  '^.j,  -  Fio.  233.— FiBHo-vioMA  or  Utbrdb. 

m  the  more   rapidly  growmg  forms.  ^he  .nuacle  «U.  «»  cmwd«l  apart  by  d«»e 

The  myoglia  fibrils  are  present  in  fibrous  iiMue, 

the  tumors  also  and  may  present 

considerable  variations  in  size,  arrangement,  etc' 

These  tumors  may  become  cedematous,  and,  owing  to  their  density 
and  lack  of  blood-vessels,  they  not  infrequently  degenerate;  forming 
cysts  or  becoming  gangrenous.  They  frequently  undergo  hyaline  degen- 
eration and  calcification.  They  may  occur  singly  or  be  multiple,  are 
usually  of  slow  growth,  may  be  large  or  small,  and  are,  for  the  most 
part,  benign.  But,  especially  in  the  uterus,  they  may  become  large, 
and  being  often  multiple  may  lead  to  serious  disturbance.  On  the  other 
hand,  a  few  instances  arc  recorded  of  myomata  in  the  uterus  and  gastro- 
intestinal canal  which  have  been  rapidly  growing,  locally  invasive,  and 
have  metastasized.  These  are  called  malignant  leiomyomata.  Leio- 
myomata may  occur  wherever  smooth  muscle  tissue  exists.  They  are 
most  frequently  found  in  the  uterus,  where  they  are  often  multiple. 
They  may  occur  in  the  wall  of  the  gastro-intestinal  canal,  and  have  been 
Been  in  the  kidney,  in  the  bladder,  and  in  the  skin.  A  certain  proportion 
of  the  so-called  hypertrophies  of  the  prostate,  so  frequent  in  advanced 
life,  are  sometimes  considered  leiomyomata  of  the  interstitial  muscle 
tissue  of  that  gland.  For  a  description  of  glandular  myomata  of  the 
uterus  see  p.  813. 

■  See,  for  mctbodi  ol  ■taininE  myogUa  Gbrib.  MaUorj/,  Jour.  Hed.  Bee.,  vol.  liii.,  p.  12«,  lOOS. 


II,  Myoma  Stiiocellulare,  or  Rbabdomyome. — In  these  rare  tumors 
striated  muscle  fibres  are  the  characteristic  elements-  They  very  rarely 
compose  a  great  part  of  the  tumor,  but  are  intermingled  with  other 
elements,  fibrillar  connective  tissue,  spindle-shaped  and  spheroidal 
cells  of  various  forms,  which  often  appear  to  be  incompletely  developed 
muscle  cells.  They  are  not  infrequently  associated  with  sarcomatous  tis- 
sue. Blood-vessels  and  sometimes  nerves  are  also  present.  The  muscle 
fibres  differ,  as  a  rule,  from  normal  striated  muscle  fibres  in  their  arrange- 
ment, which  is  usually  quite  irregular,  and  also  in  size,  being  in  general 
smaller  than  normal  fibers,  although  varying  greatly.  The  sarcolemma 
is  either  absent  or  incompletely  developed.  These  tumors  are  usually 
small  or  of  moderate  size,  and  are  supposed  to  originate  from  inclusions 
of  cells  destined  to  form  muscle  tissue  in  places  where  they  do  not  belong. 

In  the  heart  and  certain  other  muscular  parts,  small  circumscribed 
masses  of  striated  muscle  tissue  have  been  described,  and  are  sometimes 
called  homologous  rhabdomyomata.  But  genuine  heterologous  rhabdomyo- 
mala  are,  in  almost  all  cases  thus  far  recorded,  confined  to  the  genito- 
urinary organs,  kidney,  ovary,  and  testicles.  The  writer  has  described 
an  exceptional  case  of  rhabdomyoma  occurring  in  the  parotid  gland.* 

These  tumors,  when  not  associated  with  other  and  malignant  tumors, 
are  usually  benign  and  are  of  greater  theoretical  than  practical  interest.* 

HEUROHA. 

A  true  neuroma  is  a  tumor  containing  new-formed  nerve  tissue.     Such 
tumors  are  comparatively  rare.     Tumors  developed  in  the  connective 
tissue  of  nerves  and  composed  usually  of  fibrous  or  mucous  tissue  are 
common,    and    are    frequently 
called     neuromata,     but    they 
should   be  called   fibromata  or 
myomata,  etc.,   of   the  nerves, 
or  false   neuromata.     The   true 
neuromata    are   of   two    kinds, 
ganglionic  or  cellular  neuromtUa 
and  fibrillar  neuromata,  depend- 
ing upon  the  character  of  nerve 
tissue  which  they  contain.     The 
ganglionic  neuromata — neuroma 
F.O.  234.-^Nit™o-*  G*Ko..o«,FOB«B.  ganglioniforme— in   which    new- 

SMtion  from  a  tumor  of  ibe  adrenal.  formed  uerve  cells  are  prcsent 

(Fig,  234),  are  found  associated 
with  other  structures  in  certain  of  the  tcratomata  in  the  ovaries,  testicles, 
and  in  the  sacral  region;  they  also  occur  in  the  gray  matter  of  the  brain. 
They  have  been  found  in  the  adrenals  and  may  ^so  contain  sarcomatous 
elements. 

voL  \xixT..  p.  «8,  1S83.    For  Ul«r  bibL  Gomult  fftKiw 
■oms  «K  Huruf..,  Jour.  Med.  R»„  1914,  N.  S.  UI..447  (bibl.). 
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The  fibrillar  neuromata  are,  according  to  Virchow,  of  two  kinds, 
myelinic  and  amyelinic,  depending  upon  whether  the  nerve  fibres  which 
they  contain  are  medullated  or  not.  The  neuroma  myelinicum  is  the 
more  common  and  the  better  understood.  The  medullated  nerve  fibres 
in  these  tumors  are  associated  with  fibrillar  connective  tissue,  and  are 
usually  curled  and  intertwined  in  a  most  intricate  manner.     They  are 


either  single  or  multiple  on  the  peripheral  nerves.  They  may  occur  in 
considerable  numbers  as  nodular  tumors  on  the  branches  of  a  single  nerve 
trunk,  or  they  may  form  an  irregular,  diffuse,  nodulated  enlargement 
of  the  nerve  branches — pteriform  neuroma.  These  neuromata  may  or 
may  not  be  painful.  They  not  infrequently  form  at  the  cut  ends  of  the 
nerves  in  amputation  stumps.  They  are  benign  tumors,  never  forming 
metastases. 


Fio.  236. — Udltipu  Fibbohat*  (Fame  Nbubohata)  or  Pnedmooabtbio  Nkrvb. 

OnOHiuaneT  natural  »be. 

From  the  >«de  <aae  u  that  rrom  which  the  photographic  reproduction  of  Fig.  237  is  m&de. 

The  false  neuromata  are  myxomata,  or  fibromata  (Fig.  235) ,  or  some- 
times myxo-saeromata  of  the  nerve  sheaths  or  intrafascicular  connective 
tissue,  and  may  be  single  or  multiple.  In  the  latter  case  they  may  affect 
the  branches  of  a  single  nerve  trunk  (Fig.  236),  or  they  may  be  found 
on  nearly  all  the  cerebro-spinal  peripheral  nerves.  The  writer  has 
described  a  case  (Figs.  236  and  237),  in  which  more  than  eleven  hundred 


FlO.    237.— MULTll-LE    FiBROl 

A,  Nerves  at  the  right  a: 


and  eighty-two  distinct  tumors  were  fouad  distributed  over  nearly  all 
the  peripheral  nerves  of  the  body.' 

The  nerve  fibres  in  these  tumors  may  be  crowded  apart  by  the  new 
growth  and  considerably  atrophied;  or,  in  cases  in  which  the  tumor  is 
composed  of  soft  tissue,  as  in  m)rxoma  or  the  soft  fibroma,  they  may 
pass  through  or  around  the  tumor  entirely  unchanged.  The  multiple 
false  neuromata  are  in  many  cases  congenital.* 

AHOIOHA. 

Angiomata  are  tumors  consisting  in  large  part  or  entirely  of  new- 
formed  blood-  or  lymph-vessels  or  cavities.  In  many  tumors  of  various 
kinds  the  new-formed  or  the  old  blood-  and  lymph-vessels  may  be  very 
abundant  or  prominent  by  reason  of  their  dilatations;  the  vessels  of 
otherwise  normal  tissues  may  also  be  largely  dilated,  thus  simulating 
vascular  tumors.  These  are,  however,  not  true  angiomata,  although 
sometimes  reckoned  among  them,  and  in  many  cases  closely  allied  to 
them.     Such  are  the  so-called  arterial  varix    or  cirsoid  aneurisms,  and 


This  McCioD  S»  from  a  vaicular  Dnvui.  "Btnwberry  mark."  of  the  slcm. 

hemorrhoids,  and  various  lymphectasiae.     True  angiomata  are  of  two 
kinds — I.  Hsemangioma,  and  II.  Lymphangioma. 

I.  Hemangioma. — These  tumors  are  of  two  types:  1.  Those  formed 
largely  of  capillary  blood-vessels  with  either  thin  or  thickened  walls, 
embedded  in  a  more  or  less  abundant  connective-tissue  stroma.  These 
are  called  simple  angiomata  or  angioma  telangiecloides  (Fig.  238).  The 
walls  of  the  vessels  in  these  tumors  are  frequently  dilated  or  pouched, 
and  usually  form  a  tangle  of  curled  and   intertwined  vessels.     They 

I.  1880.     CoDiult  aba  PrMt  and  Hdilaen, 
tin,  Jour.  Ued.  R«..  voL  ix..  p.  217, 1903. 


394  TUMORS 

occur  most  frequently  in  the  skin  or  subcutaneoua  tissues,  usually  about 
the  face,  and  may  project  above  the  general  surface  or  be  on  a  level  with 
it.  Such  are  the  so-called  vascular  navi,  or  strawberry  marks,  which  are 
usually  congenital.     They  are  sometimes  sharply  circumscribed,   and 


Fid.  239.— Amoio 


sometimes  merge  imperceptibly  into  the  surrounding  skin.  They  some- 
times occur  in  the  mucous  membranes,  in  the  mamma,  bones,  and  brain. 
They  are  benign  tumors,  never  forming  metastases,  but  may  be  asso- 
ciated with  sarcomata. 

2.  The  second  form  of  htemangioma,  called  angioma  cavernosum  (Fig. 


239) ,  consists  largely  of  a  series  of  intercommunicating,  irregular-shaped, 
larger  and  smaller  blood-spaces  lined  with  endothelium,  and  surrounded 
by  a  variable  quantity  of  fibrillar  connective  tissue,  which  may  contain 
smooth  muscle  cells.     They  resemble  the  erectile  tissue  of  the  corpora 
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cavernosa  of  the  penis  and  clitoris.  They  are  apparently  formed  by  a 
dilatation  of  old  and  new-formed  capillaries  and  veins.  They  are  some- 
times erectile  and  sometimes  pulsating,  and  are  not  infrequently  multi- 
ple. They  may  be  seated  in  the  skin  and  subcutaneous  tissue,  forming 
the  so-called  projecting  naevi,  or  in  internal  organs.  They  are  often 
found  in  the  liver  and  less  frequently  in  bone,  the  brain,  spleen,  uterus, 
kidney,  intestines,  bladder,  and  muscles.  They  are  usually  of  little 
significance,  though  they  may  give  rise  to  haemorrhages. 

II.  Ljrmphangioma. — These  tumors  consist  of  dilated  lymph  channels 
which  either  preserve  approximately  the  general  shape  of  the  original 
lymph-vessels,  or  are  distinctly  cavernous  in  character  (Fig.  240)  or  even 
cystic.  They  probably  originate  in  part  in  new-formed,  in  part  in  old 
lymph  channels.  A  strict  distinction  between  tumors  formed  by  a 
dilatation  of  pre-formed  and  new-formed  lymph  channels  is  not  possible, 
owing  to  the  very  primitive  character  of  some  of  the  ultimate  lymph- 
spaces  and  our  lack  of  knowledge  of  their  exact  relations  to  adjacent 
parts. 

In  the  lymphangiomata  there  may  be  much  or  little  connective  tissue 
between  the  dilated  channels,  which  are  usually  filled  with  a  translucent 
or  milky  fluid  resembling  normal  lymph.  These  tumors  are  usually 
congenital,  but  are  sometimes  acquired.  They  usually  occur  in  the 
skin  as  soft,  sometimes  considerably,  sometimes  but  slightly  elevated 
growths,  and  may  occur  in  the  tongue — some  forms  of  so-called  macro- 
glossia.  They  are  benign  tumors,  but  may  rupture,  giving  rise  to  serious 
lymphorrhoea. 

Tumors  in  Which  Epithelial  Cells  are  Predominant  or  Characteristic 

Elements — ^Epithelial  Tumors. 

I.    ADENOMA,    n.    CARCINOMA. 

General  Considerations  Regarding  Epithelial-cell  Tumors, 

While  in  the  main,  in  the  normal  body,  the  general  distinctions 
between  epithelial  and  other  tissues  are  fairly  well  marked,  there  are 
instances,  especially  those  in  which  epithelial  tissues  are  in  process  of 
physiological  growth  or  rejuvenation,  in  which  the  distinctions  are  quite 
ill-defined.  When  we  remember  the  rapid  growth  of  many  tumors,  the 
tendency  to  incomplete  formation  of  their  cells,  their  diverse  seats,  and 
the  various  complicating  conditions  under  which  they  originate  and 
develop,  it  does  not  seem  strange  that  the  exact  limitations  of  this  class 
of  tumors  are  not  easy  to  fix,  nor  that  they  seem  sometimes  to  merge  into 
one  another  and  into  tumor  tissues  belonging  to  other  classes.  If  epi- 
thelial cells,  under  all  circumstances,  had  a  definite  and  characteristic 
structure,  or  if,  on  the  other  hand,  we  could  always  know  whether  a 
given  cell  group  originated  in  epithelium  or  not,  the  matter  of  distin- 
guishing between  tumors  of  this  and  other  classes  would  be  simple  and 
easy  enough.     As  it  is,  in  some  cases  both  morphological  and  histogenetic 


criteria  fail  us,  and  the  clinical  history  and  gross  appearance  are  not 
characteristic.  Such  instances — which  are  indeed  rare — suggest  the 
possibility  that  the  facts  at  our  command  do  not  justify  such  definite 
distinctions  between  epithelial  and  certain  other  tumors  as  on  both 
theoretical  and  practical  grounds  we  should  like  to  command.  While 
these  difficulties  in  special  cases  must  be  acknowledged,  the  distinctions 
are  in  the  main  definite  enough,  and  very  useful  both  for  clinical  and 
scientific  purposes.* 

Epithelial  tumors  always  contain,  in  addition  to  the  more  or  less 
characteristic  cellular  elements,  a  connective-tissue  stroma  which  gives 
them  support  and  carries  the  vessels  (Fig.  241).  This  stroma  may  be 
sparse  or  abundant,  may  contain  few  or  many  cells,  is  sometimes  ar- 
ranged in  irregular  fascicles  or  bands,  and  very  frequently  forms  the 
walls  of  well-defined,  variously  shaped  spaces  or  cavities  called  alveoli, 
in  which  the  epithelial  cells  lie. 


Fin.  241. — Carcinoua    or    tbb    Stomach — Meddllabi    Cahcinoiu    oh    Cahctinoila   Uolls. 

In  tumors  of  the  adenomatous  type  the  epithelium  and  the  connective 
tissue  grow  co-ordinately,  producing  structures  in  which  the  relative 
proportions  of  cell  and  stroma  correspond  approximately  to  those  seen 
in  the  organ  from  which  the  tumor  is  derived.  For  this  reason,  Ribbert 
prefers  to  designate  the  adenomata  as  fibro-epithelial  tumors,  in  distinc- 
tion to  the  carcinomata  where  the  epithelium  forms  the  real  mass  of  the 
tumor.  The  epithelial  cells,  in  most  cases,  lie  along  the  walls  of  the 
alveoli  without  an  intimate  connection  with  them.  They  are,  moreover, 
packed  together  without  more  intercellular  substance  than  the  usual 
cementing  material  common  to  epithelial-cell  masses.  In  this  lack  of 
fibrillar  intercellular  substance  within  the  alveoli,  and  in  the  loose 
relationship  between  the  cells  and  the  alveolar  walls,  lie  in  many  eases 
the  chief  morphological  distinctions  between  certain  carcinomata  and 
alveolar  sarcomata. 


In  certain  of  the  epithelial  tumors  there  is  a  reproduction  of  typical 
gland  tissue  of  various  kinds,  depending  upon  the  seat  and  conditions  of 
growth  of  the  tumor.     Such  tumors  are  called  adenomata  or  fibTo-adcTio- 


Fia.  242. — Ihtkacah 


maia  (Fig.  243).  A  simple  hypertrophy  of  a  gland,  or  an  increase  in  its 
size  by  excessive  growth  of  its  interstitial  tissue,  does  not  constitute  an 
adenoma.     There  must  be  an  actual  new  formation  of  more  or  less  typical 


Fio.  243. — Adbhoha 


gland  tissue.  This  is  not  always  or  frequently  of  exactly  the  same  char- 
acter as  the  gland  tissue  in  which  it  originates,  and  always  exhibits  a 
certain  lack  of  conformity  to  the  type  in  structure  and  mode  of  growth. 


The  alveoli  and  ducts  usually  have  a  lumen  and  sometimes  a  membrans 
propria,  but  the  cells  may  differ  in  shape  from  one  another  and  from 
those  of  the  gland  from  which  they  spring.  Occasionally  the  connective 
tissue  may  quite  outgrow  the  epithelium  as  in  theso-called  intracanaiiculw 
fibro-adenomata  of  the  breast  (see  Fig.  242). 

Epithelial  tumors  in  which  there  is  no  close  conformity  to  a  glandular 
type,  but  an  independent  and  atypical  growth  of  epithelial  cells  in 
the  meshes  of  an  old  or  new-formed  connective-tissue  stroma,  are  called 
carcinomata  (Fig.  241). 

It  will  readily  be  seen  that  there  must  be  a  border  region  between 
the  adenomata  and  carcinomata,  where  conformity  to  the  glandular  t>'pe 
merges  into  the  lawlessness  of  growth  characteristic  of  carcinomata.  In 
this  border  region  a  certain  degree  of  individual  bias  must  be  permitted 
in  assigning  a  name  to  the  new  growth.  In  some  cases  a  sharp  distinc- 
tion cannot  be  made;  or  the  tumor  may  share  in  the  characteristics  of 
both,  and  then  we  very  properly  make  use  of  the  term  adeno-carcinoma 
or  caTcino-adenoma. 

I.    ADENOMA. 

The  structure  of  the  cellular  elements  of  these  tumors,  and  their 
arrangement  into  acini  and  ducts,  vary  even  more  than  do  those  of  the 


Fio.  244.— Htpehpusia  of  TamaiD  Tibbde  without  thi  Foeiutioh  or  Colloid.     OrrxK  ULiaD 
■'FatTAL  Adbhoha  of  tbb  Thiboio." 

normal  glands  whose  types  they  follow.  The  acini  usually  have  a  more 
or  less  well-defined  lumen  and  membrana  propria  (see  Fig.  246).  The 
adenomata  sometimes  merge  into  the  surrounding  tissue,  or  are  con- 
tinuous with  the  gland  tissue  in  which  they  originate;  sometimes  they 


are  distinct  in  outline  snd  eneapeulated.  The  interstitial  tisane  is  some- 
times abundant,  sometimes  sparse,  and  may  contain  few  or  many  cells. 
The  irregularities  of  their  growth  often  lead  to  the  stoppage  of  the 
lumina  of  their  ducts  and  the  formation  of  cysts.  They  may  undergo 
mucous  metamorphosis  and  may  become  sarcomatous. 

Adenomata  occur  in  the  mamma,  ovary,  liver,  kidney,  adrenal, 
th\-Toid  (Fig.  244),  salivary  and  lachrymal  glands,  and  in  the  caruncle;  in 
the   mucous  membrane  of  the  nose,  pharynx,  stomach,  intestine,  and 


Flo.  245. — Sbbacbocs  Adenoma  fbou  Seim  or  Fohidbad. 

Uterus;  and  occasionally  in  the  sebaceous  and  sweat  glands*  of  the  skin 
(Fig.  245).  The  so-called  multilocular  cystomata  of  the  ovary  are 
among  the  most  frequent  of  the  adenomata,  and  not  only  have  a  great 
clinical  importance  but  are  also  interesting  because  of  their  peculiar 
morphology,  which  has  led  some  observers  to  consider  them  of  a  terato- 
logical  origin,  and  their  power  to  give  rise  to  extensive  transplantation 
metastases  on  the  surface  of  the  peritoneum. 
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There  are  mimerous  papillary  and  polypoid  growths,  in  gland  ducts 
and  on  mucous  membranes,  in  which  there  is  an  actual  new  formation 
of  gland  epithelium;  but  this  is  usually  secondary  to  a  primary  growth, 
beneath  the  epithelial  layer,  of  some  other  tissue,  such  as  fibrous  or 
mucous  tissue,  and  the  new  growth  of  gland  epithelium  simply  keeps 
pace  with  the  growth  of  the  stroma  which  it  covers.  Such  growths  are 
sometimes  classed  among  the  adenomata,  bub  do  not,  strictly  speaking, 
belong  there. 

Many  of  the  adenomata  are  benign  tumors,  being  slow  of  growth 
and  localized,  but  there  are  very  important  exceptions.  Some  of  the 
adenomata  of  the  stomach  and  intestines  belong  to  the  most  malignant 
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of  tumors  in  rapidity  of  local  extension,  in  the  formation  of  metastases, 
and  the  development  of  cachexia.  Certain  of  the  adenomata  of  the 
uterus,  mamma,  and  thyroid  are  also  very  malignant.  It  should  be 
remarked,  however,  that,  as  a  rule,  the  malignant  adenomata  are  those 
which,  in  structure,  lie  close  upon  the  border  line  between  tumors  of 
this  class  and  carcinomata  (see  Fig.  246),  and  by  such  observers  as  incline 
to  lay  more  stress  upon  clinical  than  upon  morphological  distinctions  they 
are  usually  classed  among  the  latter. 

n.    CARCDTOHA. 

The  carcinomata  are  formed  of  variously  shaped,  usually  elongated, 

and  often  anastomosing  masses  of  cells  derived  from  epithelium.  These 
epithelial -cell  masses  which  constitute  the  characteristic  and  more  essen- 
tial feature  of  these  tumors  are  surrounded  by  more  or  less  fibrillar 
connective-tissue  stroma  which  carries  the  blood-vessels  and  may  form 
with  the  tumor  or  may  be,  in  part  at  least,  a  remnant  of  the  tissue  m 
which  the  tumor  is  growing. 
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The  characteristic  epithelial  cells  of  the  carcinomata  are  all  the 
descendaotB  of  those  in  which  the  tumor  started;  and  while  they  often 
resemble  these  in  type,  they  usually  differ  considerably  from  them  in 
appearance,  owing  to  vicissitudes  of  pressure,  nutrition,  functional  per- 
formance, reversion,  etc.  The  reticular  masses  of  epithelial  cells  are  not 
intermingled  with  the  fibrous  stroma,  but  lie  against  it  in  the  manner 


characteristic  of  epithelium  in  general.  In  sections  of  such  tumors  the 
elongated  cell  masses  are  cut  across  at  various  angles  so  that  the  cells 
frequently  appear  to  be  lying  in  more  or  less  rounded  spaces  which  have 
been  called  alveoli  (Fig.  241). 

A  great  practical  difficulty  in  the  description,  and,  to  begiDoers,  in  the  recognition, 
of  the  carcinomata  and  their  varieties  lies  in  the  great  diversity  in  shape  which  their 


Sucfa  a 

eells  present.  It  should  be  always  borne  in  mind  that  the  shape  of  cells  dependa  in 
part  upon  their  inherited  tendencies  in  growth,  which  we  cannot  see  under  the  micro- 
Mope;  but  to  a  greater  degree  upon  the  varying  conditions  of  nutriment  and  pressure 
>n  Which  they  are  placed  during  life.  In  the  normal  body  these  conditions  conform 
to  ■  certain  standard,  bo  that  cells  of  a  given  kind  at  a  given  stage  of  development 
•re  approximately  similar. 

In  tumors,  however,  the  lawlessness  and  lack  of  fixed  conditions  in  growth  are 
■uch  that  we  may  have  many  young  and  atypical  so-called  indifferent  forms  of  cells; 
36 
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vhile  even  the  adult  forms  may  depart  widely  from  normal  shapea.  Thus,  in  cjlin- 
drical-celled  carcinomata  there  are  niaiiy  fully  developed  ceils  which  are  never  cyKn- 
drical ;  there  are  many  others  not  fully  developed  which  are  quite  indifferent  in  form, 
looking  just  like  many  other  young  cells.  Finally,  there  may  be  in  such  tuiDon 
inflammatory  processea  through  which  young  connective- tissue  cells  are  formed,  not 
to  be  distinguished  individually  from  the  atypical  forms  of  epithehum.  Thus  it  is 
that  there  ia  no  morphologically  characteristic  "  cancer  cell,"  as  was  formerly  Buppoeed. 
Some  of  them  are  typical  and  some  not,  and  the  more  typical  may  neemble  normal 
epithehal  cells,  and  the  atypical  may  look  like  young  connective-tiasue  cells  or  even 
lymphocytes.  It  is  in  the  topography,  together  with  the  i^neral  characters  of  the 
cello  and  the  situation  of  the  growth,  that  we  must  seek  for  the  evidences  of  the 
nature  of  such  tumors. 

The  carcinomata  are  very  prone  to  local  extension,  the  advancing 
tumor  cells  in  the  periphery  making  their  way  through  the  lymph-spaces 
in  solid  or  more  or  less  tubular  masses  (Fig.  247).     As  the  epithelial- 


FiG.  ZlS.—Mm-ASTATic  Carcihoua  {EprTHBUOHA}  iH  A  Lthpb-nodi. 
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cell  masses  advance  into  the  surrounding  parts,  the  latter  may  suffer 
resorption  and  disappear,  or  the  connective  tissue  may  adapt  itself  to 
the  encroaching  tumor-cell  masses,  or  new  connective-tisaue  stroma 
may  form.  Metastasis  is  of  frequent  occurrence  in  some  forms  of  car- 
cinoma, and  takes  place  chiefly,  though  not  exclusively,  through  the 
lymph- vessels.  Masses  of  the  new-formed  epithelial  cells  may  fill  and 
distend  the  lymph-vessels  (Fig.  248),  or  detached  ceils  or  cell  clusters 
may  be  swept  along  the  lymph-vessels  to  lodge  in  the  next  lymph-nodea 
where  secondary  tumors  may  develop  (Fig.  249).  Mitotic  figures  (Fig. 
250)  are  frequently  abundant  in  carcinomata,  but  bear  but  Httle  numer- 
ical relation  to  the  rate  of  growth  of  the  tumor  as  a  whole.     Numerous 


mitoses  may  occasionally  be  fouad  in  slow  growing  tumors.  The  reason 
for  this  seems  to  be  that  the  actual  number  of  mitoses  in  a  tumor  varies 
from  day  to  day,  so  that  it  is  not  an  infrequent  experience  to  find  an 
enormous  number  of  mitoses  in  a  fragment  excised  for  diagnosis  and 


Fia.  280.— MiTowB  i«  Cabcihoua. 

then  to  discover  only  a  few  in  sections  taken  from  the  same  portion  of 

the  tumor  when  removed  even  twenty-four  hours  after  the  diagnostic 
excision.  The  same  phenomenon  may  be  observed  by  close  study  of  the 
rate  of  growth  of  a  tumor  so  situated  that  its  dimensions  can  be  accurately 
determined.     Periods  of  rapid  increase  alternate  with  stationary  or  even 


dely  dbl«aded  with  tbfi  cumor- 

regressive  phases,  a  fact  which  has  led  to  serious  error  in  judging  of  the 
supposed  therapeutic  effects  of  so-called  cancer  cures. 

The  growth  of  the  tumor  cells  in  the  lymph-vessels,  either  in  the 
immediate  vicinity  of  the  original  tumor  or  following  metastasis  in  a  dis- 
tant part  of  the  body,  may  distend  these  so  that  on  free  surfaces  like 
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the  pleura  and  peritoneum  they  form  a  whitish,  elevated  network. 
Transverse  sections  of  such  distended  lymph-veBsels  are  shown  in  Fig. 
251.  Secondary  tumors  are  in  the  main  similar  in  general  structure  to 
the  primary  foci,  but  may  differ  from  them  in  vascularity  and  the  abun- 
dance of  the  stroma,  or  in  the  shape  of  the  cells.  The  carcinomata  are, 
as  a  rule,  malignant  tumors,  but  the  different  forms  vary  widely  in  this 
respect. 

Carcinomata  are  liable  to  fatty,  gelatinous,  mucous,  and  amyloid 
degeneration,  and  are  especially  prone  to  ulceration  (see  Fig.  252),  to 


haemorrhage  and  inflammation  (Fig.  253).  They  may  become  partially 
calcified,  and  are  not  infrequently  combined  with  other  forms  of  tissue 
in  the  mixed  tumors. 

They  are  more  frequent  in  the  middle-aged  and  elderly  than  in  fh^ 
young,  but  they  may  occur  at  any  age.'  Multiple  primary  carcinomata 
have  been  occasionally  reported.' 

When  carcinomata,  either  in  the  primary  or  the  secondary  growths,  extend  and 
encroach  upon  adjacent  tissues,  they  bring  about  in  greater  or  less  degree  the  dutruo- 
tion  of  these,  as  we  have  seen,  either  by  pressure  atrophy  or  through  phagocjtooa  or 

1  For  a  ■laUaticol  aummAry  of  cnrcinoma  caare.  with  bibl.  lee  Kitchttmann.  BeiL  klm.  Vod^' 
ehr.,  pp.  T3S  and  753.  ie02;  we  also  ref.  to  Baii/ord  ud  Murrai/.  foot-note,  p,  3U. 
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lysis.  It  frequently  occurs  that  the  tumor  cells  are  closely  apposed  to  or  infiltrate 
epithelial  structures  similar  to  those  in  which  the  tumor  originates,  bo  that  one  may 
»ee  Bide  by  side  tumor  epithelium  and  tissue  epithelium  having  an  almost  idendcal 
appeu-ance.  The  adjacent  tissue  cells  may  also  show  evidence  of  proliferation  in 
mitotic  figures.  These  two  features,  contiguity  and  mitosis,  have  led  many  observers 
to  the  conclusion  that  the  epithelium  adjacent  to  a  growing  tumor  may  assume 
exalt«d  power  of  proliferation  and  share  in  the  growth  of  the  tumor,  of  which  it  may 


_ ,_,_.ently  actios  ■"  phiifocyleii  in  the  wflen- 

fav  and  removal  of  the  diauiteanitiDK  epitbelium. 

become  a  part.  This  view  is  erroneous,  and  the  student  of  tumors  should  constantly 
remember  that  the  characteristic  cells  of  a  tumor  are  the  direct  descendants  of  those 
celts  in  which  the  growth  starts.  For  example,  one  often  sees,  at  the  edges  of  an 
ulcerating  epithelioma  of  the  skin,  tumor-cell  masses  infiltrating  the  subcutaneous 
tissue  and  in  close  apposition  to  the  cells  of  the  rete  Malpighii,  the  latter  often  in  a 
condition  of  hyperplasia.  But,  however  close  or  however  intermingled,  in  such  cases 
tumor  epithehum  and  skin  epithelium  are  quite  distinct  in  origin  and  potency. 

Forms  of  Carcinoma. 

In  certain  carcinomata  of  the  skin  and  mucous  membranes,  the  cells 
following  the  type  of  epithelium  from  which  they  arise,  as  they  grow 
older  are  apt  to  become  flattened  or  squamous;  these  tumors  are  called 
iquamous  or  fiat-celied  cardjiomata,  or  simply  epitheliomata.  In  another 
class  of  tumors,  such  as  frequently  occur  in  the  gastro -intestinal  canal 
and  uterus,  the  cells  are  more  or  less  cyliadrical  in  shape,  forming  a 
palisade-like  lining  to  the  irregular  alveoli;  such  tumors  are  called 
cylindrical-ceiled  or  alveolar  carcinomata,  although  many  of  the  cells 
are  not  cylindrical  at  all,  but  may  have  a  variety  of  forms.  There 
ia  a  third  and  very  common  form  of  tumor,  often  derived  from  cuboidal 
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epithelium,  in  which  the  tumor  ceUe  have  no  constant  characteristic 
shape,  but  vary  as  much  as  do  the  cell  forms  in  the  various  glands  of  the 
body.  Such  tumors  are  conveniently  classed  together  as  carcinoma 
simplex. 

In  addition  to  these  forms  there  are  several  others  which  depend  for 
their  characteristics  upon  various  metamorphoses  or  degeneratiooe,  or 
upon  the  preponderance  of  one  or  other  of  the  anatomical  constituents 
of  the  growth,  such  as  gelatinous  carcinoma,  mdano-carcinoma,  fibrous 
carcinoma,  etc.  It  will  be  most  convenient  to  give  a  brief  description 
of  these  various  kinds,  one  after  another,  with  the  understanding  that 
they  are  not  specific  forms,  but  are  simply  varieties  which  it  is  convenient 
to  recognize  for  clinical  as  well  as  anatomical  purposes. 

Epithelioma. — These  tumors  occur  in  the  skin  and  in  the  mucous 
membranes  which  are  covered  with  squamous  epithelium.  The  cells 
present  all  of  the  various  forms  which  normally  exist  in  these  parts. 


In  order  to  understand  the  various  appearances  which  epitheliom&ta 
present  in  microscopic  sections,  one  should  bear  in  mind  the  structural 
and  functional  characters  of  the  normal  squamous  epithelium.  The 
cells  of  the  deeper  layers,  the  rete  Malpighii,  are  cuboidal  and  polyhedral; 
upon  these  are  more  or  less  flattened  cells;  while  upon  the  surface  the  cells 
are  thin  and  in  the  epidermis  are  also  homy.  Some  of  the  cells  are 
joined  by  the  so-called  "intercellular  bridges" — "spinal  cells,"  "prickle 
cells."  This  epithelium  rests  upon  a  fibrous  basement  substance  from 
which  its  nutriment  is  derived. 
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The  various  forms  of  the  cell  in  squamous  epithelium  represent  reg- 
ular phases  of  development  as  the  younger,  more  succulent  cells  beneath 
are  pressed  outward  and  flatten  and  finally  pass  oif  upon  the  surface. 
In  epitheliomata  the  cells  have  in  a  measure  the  same  life  history;  but 
as  they  are  no  longer  growing  on  free  surfaces,  but  in  enclosed,  elongated 
spaces,  they  become  packed  in  masses,  the  older  ccIIb  being  forced  toward 
the  centres.  So  that  at  length  there  are  formed  concentrically  arranged 
cell  masses,  which  when  cut  across  present  the  dense  whitish,  lamellated 
rounded  structures  which  have  been  called  "  epithelial  pearls  "  (Figs.  254, 
255,  and  256).  These  epithelial  pearls  are  not  confined  to  these  tumors, 
since  any  lesion  which  involves  the  growth  of  squamous  epithelium 
into   limited  spaces  may  lead  to  their  formation.     Nevertheless  their 
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occurrence  in  doubtful  cases,  as  well  as  the  presence  of  the  intercellular 
bridges  and  marks  of  comification  may  afford  valuable  diagnostic  evi- 
dence of  the  origin  of  a  tumor  in  squamous  epithelium. 

The  new  epithelial-cell  groups  in  epithelioma  may  be  large  or  small, 
may  be  separated  by  much  or  little  stroma;  they  often  form  reticular 
masses  (Fig,  257),  and  may  infiltrate  the  tissues  deeply  or  remain  near 
the  surface;  or  they  may  project  above  the  surface,  forming  wart-like 
or  papillary  growths.  These  tumors  frequently  ulcerate  on  the  surface 
(Fig.  252),  and  the  skin  about  them  is  apt  to  become  thickened  (Fig. 
258).  The  actual  thickening  of  the  skin  with  hyperplaaia  of  the  papillae 
and  of  the  overlying  epithelium,  as  well  as  the  raising  of  the  skin  at  the 
edges  of  the  ulcer  by  the  tumor  growth  beneath,  lend  to  such  ulcerating 
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epitheliomata,  especially  of  the  mucous  membrane,  their  characteristic 
appearance. 

Epitheliomata  are  moat  apt  to  occur  in  the  skin,  especially  in  those 
parts  in  which  it  becomes  continuous  with  mucous  membranes — lips, 
external  nasal  openings,  eyelids,  labia,  and  glans  penis — and  are  frequent 
in  the  mouth,  oesophagus,  vagina,  and  about  the  cervix  uteri.  They 
may  develop  in  congenital  nsevi  of  the  skin,  such  as  that  shown  in  Fig. 
259.  This  occurrence  illustrates  a  congenital  local  predisposition  to 
tumor  formation.  Simple  congenital  nievi  are  sometimes  mistaken 
for  epitheliomata  because  of  similarity  in  the  gross  appearance. 


Krompecher  and  others  have  described  tumors  arising  in  the  skin 
and  in  the  mucous  membranes  formed  of  squamous  epithelium,  or  in 
glands  which  open  upon  these,  which  differ  both  clinically  and  morpho- 
logically from  the  epitheliomata  which  are  in  part  formed  from  comi- 
fied  cells.  These  tumors  are  made  up  of  cells  which  resemble  those  of 
the  rete  Malpighii,  or  certain  glands  with  cuboidal  epithelium,  such  as 
the  sweat  glands,  mammary  glands,  etc'  They  have  been  called  basal- 
celled  epitheliomata  (see  Figs.  225  and  260). 

In  this  group  are  tumors  of  the  face  and  nose  (see  Figs.  261  and  262), 
of  the  mamma,  ovary,  and  prostate,  and  perhaps  some  of  the  complex 

>  S»  RiciiT  and  .$cAu>aIh,  GsachcOlite  d«  HsutdrOieii.  Berlin.  Ifil4. 


tumors  of  the  salivary  glands  which  have  been  called  endothelioma, 
cylindroma,  plexiform  aarcoma,  myxo-sarcoma,  etc. 

In  these  tumors  the  proliferated  basal  cells  form  aometimes  solid 


Flo.  2£7.— Ern'HEUouA  or  Skin. 
iiculsT  mBsaca  of  epithelial  cells  with  Gbroua  atroma. 


masses  of  varied  shapes,  sometimes  gland-like  or  cystic  structures  lying 
in  a  connective-tissue  atroma  with  which  they  sometimes  appear  to 
merge,  and  then  reaemble  aarcoma.     Various  forms  of  degeneration  of 


Tb«  flat  tumor  oocupied  nearly  the  entire  bock  of  the  baud,  and  «u  ulcentiog  at  the  surface. 
TIm  Gsure  showi  the  edce  of  the  tumor  aad  s  portion  of  the  ulcer.  The  papillie  of  the  akin  over  the 
^dge  of  the  fTOwth  are  hypertrophied,  and  the  tissue  about  in  infiltrated  with  small  spheroidal  celb- 
Fic.  £55  show*  a  seoUoo  from  a  metutatic  tumor  of  the  axillary  lymph-Dode  in  this  ease.  Tbia  tumor 
pwentad  tbe  srota  appearaoee  sbowo  in  the  pbotographic  reproduction  in  Fig.  252. 
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the  stroma  occur,  and  this  with  metaplasia  and  the  appearance  of  embrj^o- 
nal  characters  contribute  to  their  complex  character.' 

Giant'celled  Epithelioma. — ^Sometimes  certain  of  the  cells  in  an  epi- 
thelioma appear  to  coalesce,  forming  a  large  multinuclear  mass.  This 
variety  of  epithelioma  is  sometimes  called  giant-cell  epUhelioma.'  Two 
types  of  giant  cells  may  be  formed  (Figs,  263  and  264).  In  one  the 
nucleus  divides  without  corresponding  response  from  the  cell  cytoplasm, 
BO  that  a  large  syncytial  mass  is  formed.     In  the  other  a  true  Langhans' 


giant  cell  is  produced,  probably  by  fusion  of  a  number  of  smaller  cells, 
making  a  large  cell  with  peripherally  arranged  nuclei.  Both  of  these 
phenomena  are  apt  to  occur  chiefly  in  epitheliomata  growing  freely 
through  soft  tissue,  such  as  a  granulating  cervix  uteri  or  an  ulcerating 
epithelioma  of  the  tongue. 

Epitheliomata  are  apt  to  recur  if  not  thoroughly  removed,  and  may 
form  metastases,  but  in  general  they  are  the  least  malignant  of  the  car- 
cinomata.  Some  of  the  smaller  forms,  especially  those  of  the  basal-celled 
type,  may  exist  for  years  with  no  evident  tendency  to  growth  (Figs.  261 
and  262). 

Certain  tumors  of  the  retina,  often  classed  with  glioma  and  appar- 
ently arising  from  the  external  layers  of  the  retina,  are  of  ectodermal 
origin  and  are  called  neuro-epitheliomala,  though  they  show  none  of  the 
morphological  characteristics  of  squamous  epithelium. 

Cylindrical-celled  Carcinoma. — These  tumors,  closely  allied  to  some 
forms  of  adenoma  {see  Fig.  246),  occur  in  the  stomach,  intestines,  and 

'For  (unher  considiralinn  nf  thcM  lumora  »«  KromptcKtr.  Zititlrr-t  Beitr..  Bd.  »»Tii.,  p.  28, 
igOSialio  bis  monograph  "Der  BaaglipUen  Knbs."  1B0.1:  sbo  ref.  lo  IFootf.  p.  651. 

"  For  s  iludy  of  lUot  wlls  in  osreinQma  see  Dtlamart  and  Lttint.  Arch,  i.  ro«d.  eip„  t,  iviiL,  p. 
102,  1900. 
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S).  Such  tumors  are  most  frequently  found  in  the  gastro-intestinal 
aal  and  mamma. 

Melano- carcinoma.— Tumors  of  this  class  are  rare,  and  are  charac- 
lized  by  the  presence  of  a  variable  quantity  of  black  or  brown  pigment 
rticles  either  in  the  stroma  or  in  the  cells.  They  are  usually  soft  and 
Uignant,  and  most  frequently  occur  in  the  skin. 


Fid.  287. — Cabcinouj 


MoLLUSCDM  C0NTAGI080M  is  the  designation  of  small  soft  multiple  growths  of  the 
in,  most  frequent  on  tlie  face,  arms,  and  chest,  and  on  the  external  genital  organs. 
»ey  are  lobulated  and  contain  cells  similar  to  those  of  the  rete  Malpighij.  Within 
le  cella  and  croirding  the  nucleus  to  one  side,  or  free  among  the  cells,  are  rounded  or 
'oid  bodies  which  are  believed  by  many  to  be  protozoan  parasites. 

Adamantinoua  (Cystadenoma  adamajitinum;  Epithelioma  adamantinum). — 
Ilia  group  of  tumors  is  of  occasional  occurrence  in  the  jaws  either  on  the  surface 
uieath  the  mucous  membrane,  or  in  the  depth  of  the  bone.     They  appear  to   be 


uived  from  the  enamel  organs  of  developing  teeth.  They  are  frequently  cystic 
'om  the  softening  and  absorption  of  their  tissues,  and,  while  in  general  benign,  may 
ifiltrate  the  jaw,  inducing  its  atrophy.  They  are  most  apt  to  form  during  the  period 
'  development  of  the  t«eth.  They  consist  in  general  of  a  fibrillar  connective-tissue 
TOma  in  which  ramify  irregular  and  complex  masses  of  epithelial  cells  (see  Fig.  269). 
liese  epithelial-cell  maaees  are  made  up  of  rows  of  cylindrical  cells  or  of  superimposed 
lyeiB  of  cylindrical,  polyhedral,  and  flattened  cells.  Frequently  these  lamelbe  of 
pitbelial  cells  enclose  a  centr^  mass  of  branching  cells.     The  situation  of  these 
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CHAPTER  XII. 

THE  LESIONS  INDUCED  BY  POISONS. 

Forms  of  Poisons. 

A  POISON  has  been  commonly  considered  to  be  a  substance  which 
?hen  introduced  into  the  body  from  without  is  capable  of  inducing,  by 
leans  other  than  mechanical,  pathological  alterations  of  function  or 
tructure,  or  both.  But  this  conception  of  poisons  as  extraneous  pre- 
ormed  substances  has  recently  been  greatly  modified.  For  it  has  been 
sarncd  that  poisons  may  be  formed  within  the  body,  either  through  the 
ction  of  micro-organisms  upon  its  organic  constituents  or  through  the 
aetabolisin  of  the  body-cells  themselves. 

It  is  thus  convenient  in  considering  the  lesions  induced  in  the  body 
ly  poisons — toxic  lesions— to  place  in  one  group  those  due  to  preformed 
extraneous  poisons — exogenous  poisons — and  in  another  group  those  due 
o  substances  formed  within  the  body — endogenous  poisons. 

It  has  furthermore  been  found  convenient  to  make  three  classes  of 
.he  endogenous  poisons:  First,  those  which  are  formed  under  the  influ- 
■nce  of  micro-organisms  in  the  course  of  the  acute  infectious  diseases 
md  whose  effects  are  most  appropriately  studied  in  that  connection; 
.hese  may  be  called  endogenous  poisons  of  infectious  origin;  second,  those 
which  are  formed  under  the  influence  of  micro-on?amsms  in  the  gastro- 
Qtestinal  canal  or  elsewhere  and  absorbed  into  the  body  fluids;  third, 
.hose  which  are  formed  by  the  metabolism  of  the  body-cells  themselves. 

To  endogenous  poisoning  induced  by  either  of  the  latter  two  classes 
)f  agents  the  term  auto-intoxication  has  been  most  commonly  and  most 
ippropriately  applied. 

As  we  have  already  studied  the  toxic  lesions  of  the  infectious  diseases, 
ffc  have  only  to  consider  here: 

First,  the  lesions  induced  by  preformed  or  extraneous  poison— 
exogenous  poisons;  and  second,  those  due  to  the  endogenous  poisons  which 
ire  concerned  in  the  so-called  auto-intoxication.^ 

The  Lesions  Induced  by  Exogenous  Poisons.' 

Sulphuric  Acid. 

The  effects  of  this  poison  vary  with  the  amount  taken  and  with  its  strength 
Death  usually  occurs  in  from  two  to  twenty-four  hours  after  the  ingestion  of  the  con- 

Titten  moet  okearly  uid  AuscBBtively  u] 
beiMn,"  BcfM  i.  uul  ii..  ISgo-lSOO. 
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1  of  death  witbin  an  hour  ia  recorded.     When  the  ftoison  ia  les 
eta  are  leas  intenae,  the  pAtieut  may  survive  for  months. 
;  about  the  mouth  may  be  blackened  and  cbarreii  by  the  acid 
irynx  are  of  a  grayish  or  blackish  color,  or  are  coi'ered  with  ■■ 
:  deeper  tissues  are  reddened.     Sometimes  these  regions  escap 

and  lungs  are  sometimes  softened  and  blackened  by  theaceiden 
into  them.    This  may  take  place  even  when  the  add  does  no 

om  escapes.  It  is  colored  grayish  cr  blackish,  softened,  au< 
comes  off  in  shreds.  If  life  is  prolonged,  cicatrices  and  stric 
tlomaeh  may  contain  a  blackish,  pulpy  fluid,  due  to  the  actioi 
blood,  etc.  It  is  coated  on  its  interna!  surface  with  a  black 
rhich  the  mucous  membrane  is  reddened.  The  mucous  mem 
d  in  patches  or  stripes.  The  organ  may  be  contracted  and  th< 
rrugated.  Sometimes  perforation  takes  place  and  the  acii 
le  adjoining  viscera.  In  protracted  cases  cicatrices  are  forme< 
icted.    If  the  poison  is  dilute  there  may  be  only  the  lesions  o 

imee  thickened,  syrupy,  acid,  and  may  form  thrombi  in  thi 

of  the  renal  epithelium  is  mentioned  by  some  authors. 
lartially  preserved  from  decomposition,  owing  to  the  action  o' 

[go  in  sulphuric  acid,  commonly  known  as  sulphate  of  Indigo 

ms  as  sulphuric  acid,  and  also  stains  the  tissues  with  which  il 
rk-blue  color.  It  is  stated  that  an  indigo-blue  tint  is  often 
embranes  after  poisoning  by  pure  aulphm-io  acid. 

ITitric  Acid, 
ery  soon  aft«r  the  taking  of  the  poison,  but  is  not  usual  until 
irs,  and  may  not  ensue  for  several  days  or  weeks, 
mucous  membrane  of  the  mouth,  pharynx,  and  asopkagus  is 
ihars  wherever  the  acid  has  touched  it.  Beneath  and  around 
are  congested  and  red.  The  stomach  contains  a  viscous,  sau' 
lenish  fluid.  The  mucous  membrane  is  congested,  red,  swollen, 
tic.  It  ia  rarely  perforat«d.  The  dvodettum  maj-  be  inflamed, 
xtend  to  its  peritoneal  coat.  The  rest  of  the  intestines  usually 
he  acid.  The  larynx  is  very  frequently  acted  on  by  the  acid. 
s,  congestion  and  swelling  of  the  mucous  membrane,  sometimes 
The  trachea  may  l>e  inflamed  and  the  lungs  congested.  If  the 
t  effects  of  the  poison,  chronic  inflammation,  cicatrisation,  sad 
If  the  fumes  resulting  from  the  action  of  the  strong  acid  on 
haled,  a  subacute  or  chronic  pneumonia  may  be  caused,  which 


Hydrochloric  Acid. 

occurs  on  the  average  in  about  twenty-four  hours.  The  lesions 
1  those  produced  by  sulphuric  and  nitric  acids,  except  that  the 
1  whitish  color  at  first,  becoming,  after  a  time,  discolored  and 
1  to  find  false  membranes  on  the  inflamed 


Oxalic  Acid. 

may  occur  within  ten  minutes  (in  one  case  it  occurred  in  three 
ielayed  for  two  or  three  weeks.  The  period  of  death  does  not 
al  the  symptoms,  upon  the  amount  and  concentration  of  the 


THE  LI 

The  mucous  membrane  of  i 
iri veiled,  and  easily  peeled  o 
omacfa.  The  cesophagus  maj 
id  contains  a  dark-brown, 
ornach  may  be  paie,  soft,  an 
ailed  in  water.  Sometimes  i 
renous;  sometimes  peeled  off 
e  prolonged  the  whitened  co 
»tion  and  inflammation.  T 
le  pleura  and  peritoneum,  an 
Q  some  casea  of  death  from  o: 

Potassium  oxalate  produce 


This  acid  is  seldom  used  i 
»iona  in  the  cases  observed  w 
f  the  gaatro-intestinal  canal. 

PotM 

These  substances  are  not 
atent,  but  may  be  taken  by  i 
nay  be  prolonged  for  several  ■ 

The  mucous  membrane  of  I 
wollen,  congested,  and  inflan 
Deal  changes  in  the  blood.  Tl 
>e  swollen  and  inflamed. 

If  lite  is  prolonged  for  son 
<lomach  are  apt  to  be  producei 


The  vapor  of  strong  ammc 
ind  air  passages.  The  strong 
potash  and  soda.  The  larynx 
Je  covered  with  false  membra 
l>een  produced  by  an  enema  ol 


Accidental  poisoning  som' 
observed  cases  there  were  int 
inlettinei,  and  in  one  case  a  sm 

For  the  effects  of  several  ii 
earths,  which  for  the  most  pai 
canal,  we  refer  to  special  work 


Poisoning  by  phosphorus  L 
this  country.  Some  of  the  foi 
and  the  ends  of  matches,  are  c 
used  with  suicidal  than  with  h 

The  post-mortem  appearai 
before  death,  which  may  be  fr 

If  death  takes  place  in  a  fe 
direct  local  action  of  the  po 
escape.  The  stomach  may  b 
inflammation  and  erosion.     T 
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the  fieculiar  emell  of  phospborus.  There  may  be  Uttle  bite  of  wooc 
he  poisoD  has  been  taken  (roin  the  heads  of  lucifer  matches.  It  ii 
lUcouB  membrane  of  the  stomach  may  emit  a  phosphorescent  light  ii 

a  not  ensue  imtil  after  eeveral  days  the  lesions  are  more  marked.     Thi 
r  jaundiced.    There  may  be  ecchymoscs  beneath  the  pericardium 
toneum,  in  the  lungs,  the  kidneys,  the  bladder,  the  uterus,  the  muscles 
ineoua  connective  tissue,  and  bloody  fluid  in  the  visceral  cavities. 
lis  of  the  gangUon  cells  may  occur. 

id  voluntary  fmticUs,  the  walls  of  the  blood-veiseU,  and  the  epithelium 
.ry  air  vesicles  may  be  in  the  condition  of  fatty  degeneration.  Tbc 
dark  and  fluid. 

.  sometimes  presents  no  very  striking  changes.  There  may  be  smal 
pots  of  inHammation,  erosion,  or  gangrene,  and  occasionally  perfora- 
t  constant  chan^^e  ia  albuminous  and  fatty  degeneration  of  the  celb 
astric  follicles.  In  consequence  of  this  the  mucous  membranes  appeal 
ue,  of  white,  gray,  or  yellow  color.     The  small  intestine  appears  normal 

ound  in  different  degrees  of  albuminous  and  fatty  degeneration,  and  is 
illow  from  the  jaundice.  It  is  usually  increased  in  size  and  of  a  grsy- 
ht-yellow  color,  unless  stained  by  the  bile.    Less  frequently  the  centre* 

congested,  or  the  entire  liver  is  congested,  or  there  are  small  bcemor- 
ver  tissue.  The  liver  may  be  soft,  flabby,  and  smaller  than  normal. 
iai  tissue  of  the  liver  and  along  the  branches  of  the  portal  vein  there 

infiltration  with  small  spheroidal  cells. 

often  present  albuminous  and  fatty  degeneration  of  the  epithelium. 
yTnph-nodes  may  be  soft  and  swollen  from  hyperplasia. 

is  very  frequently  employed  with  suicidal  intent.  Death  may  occur 
ihorter  time  from  the  direct  irritative  effects  of  the  poison  upon  the 
I  canal,  with  the  symptoms  which  usually  accompany  the  ingestion  of 
;  or  it  may  occur  with  symptoms  of  collapse,  or  coma,  or  shock;  or  the 
resemble  those  of  cholera.  The  average  time  of  death  in  acute  fatal 
iventy  hours,  but  death  has  occurred  in  twenty  minutes  and  ha.s  been 
wo  or  three  weeks. 

pharynx,  and  aaopkagJta  may  be  inflamed,  but  are  more  frequently 
!  stomach  may  be  empty  or  contain  mucus  mixed  with  blood.  The 
.ance,  may  be  found  adherent  to  the  mucous  membrane  or  mixed  with 
the  organ.  It  has,  in  rare  cases,  been  found  encysted  in  the  stomach 
quantity.  When  invisible  to  the  naked  eye  a  microscopical  examina- 
nach  contents  will  not  infrequently  reveal  characteristic  crystalsof 
)r  some  of  its  compounds.  The  stomach  may  be  contracted  and  its 
»ne  corrugated.  The  entire  inner  surface  may  be  red  and  inflamed.or 
atches  or  streaks  of  inflammation  or  deep  congestion.  The  inBamed 
patches  may  be  thickened  and  covered  with  false  membrane  mixed 
smaller  particles  or  masses  of  the  poison.  Ulceration,  perforation,  and 
re.  Blood  may  be  cxtravasated  into  the  mucosa  and  submucosa,  and 
tion  give  the  mucous  membrane  a  very  dark-red  or  brown  appearance, 
mucous  membrane  is  studded  with  small  petechia.  Sometimes  the 
;rted  in  the  stomach  into  the  yellow  sulphid.  There  may  be  acute 
'hen  the  poison  is  absorbed  by  tlie  skin  or  otherwise  and  not  introduced 
ih.     The  epithelium  of  the  gastric  glands  may  undergo  granular  and 

tngth  of  the  intestine  may  be  congested  and  inflamed,  but  the  action  0/ 
not  usually  extend  bej'Ond  the  duodenum.  In  some  cases  the  goftlorv 
Pmjer's  patches,  and  the  mesenteric  nodes  are  swollen.  Inflammation  of 
peritoneum,  and  congestion  and  cedema  of  the  train,  have  been  ob- 
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ved,  but  are  neither  frequent  nor  in  any  way  characteristic.  Fatty  degeneration 
the  muscles,  liver,  kidneys,  blood-veeaeis,  and  vesicitlar  epilheiiunt  of  the  Ivnga  and 
romatolysis  of  the  ganglion  celU  may  follow  arsenical  poisoning. 

Alterations  in  the  spinal  cord  indicative  of  aciite  myelitis  have  been  described  by 
pon'  as  occurring  in  dogs  poisoned  with  arsenious  acid. 

The  walls  of  the  stomach  and  intestines  and  other  parts  of  the  body  may  be  pre- 
rved  from  decomposition  for  a  long  time  after  death  by  arsenical  poisoning. 

It  should  always  be  borne'  in  mind,  in  examining  cases  of  suspected  arsenical 
isoning,  that  death  may  be  produced  by  arsenic  and  its  compounds  without  any 
preciable  lesions.  While  in  general  it  may  be  said  that  in  the  cases  in  which  no 
lions  are  discovered  death  has  probably  occurred  soon  after  the  ingestion  of  the 
ison,  it  should  be  remembered  that  death  n'ithout  lesions  may  exceptionally  take 
ace  long  aft«r  the  usual  tJme  at  which  inflararoatory  changes  commence. 

Compounds  of  arsenic,  such  as  the  chlorid  and  sulphid,  and  the  arsenite  (Scheele'a 
sen,  Paris  green),  are  sometimes  used  for  suicidal  purposes,  and  produce  lesions 
nilar  to  those  of  arsenious  acid.  Paris  f;reen  is  a  favorite  article  in  New  York,  par- 
:ularly  among  Germans,  for  suicidal  purposes.  It  is  usually  taken  in  considerable 
lantities,  and  is  often  found  in  the  stomach  after  death.' 

Corrosive  Sublimate. 

The  mucous  membrane  of  the  mouth  and  throat  may  be  swollen,  inflamed,  or  have 
grayish  white  appearance.     The  aesophaffua  may  be  swollen  and  white,  or  congested, 

■  unaltered.    The  mucous  membrane  of  the  alomach  is  usually  congested  or  inflamed, 

■  there  may  be  patches  of  softening,  ulceration,  or  gangrene.  Perforation  is  of  rare 
icurrence.  Small  ecchymoses  in  the  mucosa  are  not  uncommon.  Sometimes  there 
little  or  no  change  in  the  stomach.  Sometimes  the  mucous  membrane  of  the  stom- 
;h  is  slate-colored  from  the  deposition  of  metallic  mercury  from  the  decomposed 
Jt.  The  intestines  may  appear  normal,  or  there  may  be  patches  of  congestion  and 
ichymosis.     The  larynx  and  Irachea  may  be  congested. 

The  kidneys  are  congested,  there  is  albuminous  and  fatty  degeneration  and  necro- 
s  of  the  epithelium,  especially  of  Henle's  loops  and  the  convoluted  tubules.  The 
:>ithelium  may  desquamate  and  block  the  tubules.  The  glomeruli  are  not  obviously 
ivolved.  Calcification  may  follow  the  degeneration  and  necrosis  of  epithelium' 
Fig.  30). 

Lead. 

The  different  preparations  of  lead  may  prove  fatal  either  from  the  immediate 
ETect  of  large  doses  or  from  the  gradual  effects  of  repeated  small  doses.  Although 
Here  may  be  marked  symptoms  during  life,  the  post-mortem  lesions  are  few  and 
ariable. 

There  may  be  chromatolysis  of  the  ganglion  cells. 

Large  doses  may  produce  acute  gastritis,  and  sometimes  a  whitening  of  the  mucous 
lembrane.  The  intestines  are  generally  contracted,  and  there  may  be  fatty  degene- 
ation  of  the  renal  epithelium;  very  frequently  there  are  no  appreciable  lesions. 

In  chronic  lead  poisoning  the  intestines  may  be  contracted,  the  voluntary  muscles 
abby  and  light-colored,  or  partially  replaced  by  connective  tissue,  and  there  may  be 
hronic  meningitis. 


'Popon.    "Ueber  die  Veranderungen  im  RUckeDtn^rke  nacli  VergiftunE  mit  Ansa 

I."  etc.,  Vireh. 

rth-.  Bd.  iciit-,  p.  351. 

'Itia  advisable,  in  C1UW9  of  suspected  ftracQinpoisonmn,  particularly  if  the  body  hs 

slain  for  some 

» femui.  since  araenious  acid  nnd  iu  com  pounds  lire  quite  diHuaible,  and  mnj- be  pieaen  1 

:  in  proportion- 

ttly  larger  quantity  in  other  pnrta  Iban  ia  the  Kostro- intestinal  canal.     It  ia  desirable  to 

snve  the  whole 

(  the  internal  omnna,  and  to  weigh  the  muscle  nnd  bones  os  well  as  the  whole  body  s 

t  the  autopsy, 

1  order  that  the  calculations  of  the  chemist,  in  Ciise  arsenic  be  found,  may  rest  upon  a 

.  definite  basis. 

1  mteratinc  article  on  snienic  as  a  poison,  with  various  collatemt  data  by  Pellev,  w 
Ion's  "Syitom  of  LesBl  Medicine,"  vol.  i.,  p.  349, 

•'or  studies  on  tbe  action  of  sublimate  on  the  kidneys  see  ref.  footnote,  to  Nmbergr 
See  abo  Mouiittt  and  Uoitriquand.  Jour,  de  pbys.  et  path.  g^n,.  t.  viii.,  p.  2112.  IG 
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Copper. 

« 

Acute  poisoning  by  salts  of  copper  is  not  very  common,  but  it  is  of  occasioiial 
accidental  occurrence,  and  the  salts  are  infrequently  used  with  suicidal  intent.  The 
sulphate  and  acetate  are  the  most  important  salts  in  this  respect.  Soluble  salts  of 
copper  may  be  formed  in  the  use  of  copper  cooking  utensils,  and  accidents  most  fre- 
quently occur  in  this  way. 

The  post-mortem  appearances  are  somewhat  variable.  The  pharynx  and  asopka- 
gus  may  be  somewhat  inflamed  or  unchanged.  The  mucous  membrane  of  the  gtomach 
and  intestines  may  be  inflamed,  ulcerated,  or  gangrenous,  and  perforation  and  perit- 
onitis may  occur.  The  mucous  membrane  may  have  a  diffuse  greenish  color,  or  par- 
ticles of  the  salt  may  be  found  adhering  to  it. 

Tartar  Emetic. 

This  preparation  of  antimony  may  prove  fatal  when  administered  in  a  single  large 
dose  or  in  repeated  small  doses.  The  post-mortem  lesions  are  not  constant.  In  cases 
of  chronic  poisoning  there  are  usually  no  appreciable  lesions. 

In  cases  of  acute  poisoning  there  may  be  evidence  of  acute  inflammation  of  the 
CBsaphaguSf  stomachy  intestinesj  and  peritoneum.  Sometimes  the  stomach  exhibits  no 
lesions,  while  the  intestine  is  involved.   The  larynx  and  lungs  may  be  deeply  congested. 

Vegetable  Irritants. 

AloeSf  colocynthf  gamboge^  jalap,  scammony,  savin,  croton  oil,  colchicum,  veratria, 
hellebore,  elaterium,  and  turpentine. 

All  these  drugs  may  produce  poisonous  effects.  The  post-mortem  lesions  are  con- 
gestion, inflammation,  and  sometimes  ulceration  of  the  gastro-intestinal  mucous 
membrane;  but  these  lesions  are  sometimes  present  and  sometimes  absent. 

Cantharides. 

This  substance  may  be  given  in  powder  or  tincture.  The  entire  length  or  only  a 
portion  of  the  cdimentfjury  caned  may  be  congested  or  inflamed.  There  may  be  patches 
of  gangrene  of  the  mucous  membrane  of  the  slomach.  When  the  poison  has  been 
taken  in  substance  a  microscopical  examination  of  the  contents  of  the  alimentary' 
canal  or  of  the  mucous  membrane  may  reveal  the  glistening  green  and  gold  particles 
of  the  flv. 

The  kidneys^  ureters^  and  bladder  may  be  congested  and  inflamed.  There  is  some- 
times congestion  of  the  brain  and  its  membranes. 

Opiiim  and  M orphin. 

The  VKfcsst-mortem  appearances  in  persons  who  have  died  from  opium  or  morphin 
jH>isoning  are  inconstant  and  not  characteristic.  Congestion  of  the  brain  and  its 
membranes,  with  serous  effusion  in  the  membranes  and  ventricles,  and  congestion  of 
the  hinfrs,  are  changes  iKrasionaUy  seen,  but  they  are  frequently  entirely  absent,  and 
when  pn^sont  are  not  characteristic  of  death  from  this  poison. 


The  action  of  thi^'so  suK<tanct^  >'aries  greatly,  and  the  post-mortem  appearances 
are  incr^nstant  and  not  charHctoristic.  In  general,  when  any  lesions  are  present  they 
are  lh\\^*  of  gastn>-u\tostir.jiI  irritation  or  of  A*enous  congestion,  or  both. 

M»or\vso\^pu\Hl  e\amin,'»:ion  may  reveal  characteristic  fragments  of  fungi  in  the 
C\MUonts  of  tho  alinioiuarv  cat\aL 


Hydrocyanic  Acid. 

This  jH>ison  in  f.^^tal  d\v<^>s  n^.ay  dt^trvn-  life  in  a  vwy  short  time.     The  post-mortem 
apjv,Hr,Hiu^^  .Hrx^  MUNM^^t,-*!!?  :*r..i  not  charaoicnstic.     The  skin  may  be  livid  and  the 
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-mortem  changes  are  variable;  sometimea  tfane 
s  simple  reddening  of  the  gastric  mucous  mem- 
stritia  or  ulceration  of  tbe  mucous  membrane. 
not  be  evident.  Discoloration  and  Bofleaiiig  o) 
cpBophagus,  and  duodenum  have  been  observed, 
lion;  the  heart  may  be  flabby.  Bubbles  of  fas 
id,  but  this  is  not  characteristic.  Degeneratior 
ow  chloroform  administration  (see  page  716). 
form  is  a  not  infrequent  accident  in  surgical 
on  the  reaulla  of  the  examination  are  usuall; 
re  lesions  which  in  themselves  enable  the  exam- 
;  to  chloroform  poisoning. 

Ether. 
tUy  causes  death.     The  post-mort«m  examina- 
lid  ether  may  induce  inflammation  of  the  gtom- 
eptible  if  the  autopsy  is  made  soon  after  death. 


i-mortem  appearances  after  death  by  chloral. 
:  of  the  drug,  have  been  noticed, 

lin — Kuz  Vomica. 

IT  poisoning  by  these  drugs  are  not  characteristic 
lally  relaxed  at  the  time  of  death,  but  the  rigor 
remains  long.  There  may  be  congestion  of  the 
of  the  lungs  and  stomack.     Chromatolysis  of  the 

lol  Venom,  Etc. 

ced  into  the  body  through  the  bites  of  venomous 
sects  cannot  be  considered  in  detail  here.' 
Bs,  scorpions,  etc.,  upon  the  animal  body,  is  in 
tain  bacterial  toxins  and  cytolytic  substances, 
limalsto  these  venoms,  antitoxins,  i.e.aniivtnint, 


1  especially  of  cobra  venom  is  tbe  most  e: 
eral  kinds,  hemolytic,  neurolytic,  nephrolytic, 
quire  the  presence  of  complement  to  secure  their 
[  cells.  Furthermore  this  complement  may,  u 
i  red  blood  cells  themselves — endocomplement. 
ecithin  of  the  red  cells  may  act  as  complement.' 
poisonous  substances  which  induce  in  the  body 
ictious  diseases  (see  p.  203). 

rtionic  Oxide. 

in  the  burning  of  charcoal,  and  forms  one  of  the 
most  characteristic  post-mortem  appearance  is 
of  the  tissues  and  viscera  which  contain  blood. 
gas  may  obscure  the  bright  red  of  the  carbonit 
ces  in  the  blood,  so  that  spectroscopic  or  othei 

9  and  Sonkc  Poimn."  Medical  Record.  voL  Iviii..  p.  401 
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There  may  be  cedema  and  hyperasmia  with  hsmorrhage  in  the  brain  and  meninges. 

ere  Doay  be  hsmorrhagee,  often  symmetrical,  in  the  basal  ganglia  and  in  the  internal 
}eule.  Or  there  may  be  areas  of  softening  in  the  brain  and  cord.  In  some  casea 
ite  appear  to  be  hyaline  thrombi  formed  of  red  blood  cells  in  the  vessels  of  the  ceu' 
,1  nervous  system  as  well  as  in  the  other  viscera,  to  which,  in  part  at  least,  the 
morrhages  and  softening  may  be  attributed.'  Some  of  them  may,  however,  be 
e  to  direct  action  of  the  poison. 

Recovery  from  carbonic-oxide  poisoning  ii 
w,   and  various  serious  disturbances  of  the  n 

ly  apparent  speedy  recovery  may  be  followed  by  the  development  of  n 
lich  in  a  longer  or  a  shorter  time  may  prove  fatal.  In  cases  in  which  death  follows 
i^eral  weeks  after  the  poisoning  the  areas  of  softening,  often  especially  marked  in  or 
ar  the  internal  capsule,'  may  show  secondary  changes  due  to  absorption  of  degeaer- 
ed  material,  growth  of  connective  tissue,  etc. 

The  lesions  are  essentially  those  of  asphyxia,  but  the  ttrain  is  said  to  be  more  fre- 
lently  congested  than  in  asphyxia  by  simple  obstruction  of  respiration. 

Coniiim,  Aconite,  Lobelia  Inflata,  Digitalis,  Stramonium. 

These  vegetable  poisons  are  administered  in  their  natural  form  of  leaves,  berries, 
id  roots,  or  in  tinctures,  infusions,  and  extracts,  or  in  the  form  of  their  active  alka- 
id  principles. 

If  the  leaves,  berries,  or  seeds  are  given  they  may  be  detected  in  the  contents  of 
e  alimentary  canal  by  microscopical  examination.  Otherwise  the  results  of  autop- 
«  are  not  characteristic. 

The  brain  and  its  membranes,  and  the  lungs,  may  be  congested.  The  stomach 
ay  present  patches  of  congestion,  inflammation,  and  extravasation,  or  its  entire 
UCOU3  coat  may  be  inflamed,  or  it  may  appear  normal. 

Ptomauis  and  Other  PutrefactiTe  Products. 

Poisonous  substances  of  various  kinds  are  often  developed  in  the  putrefaction  of 
'ganic  substances,  and  certain  alkaloidal  substances  called  ptomalns  form  in  the 
^composition  of  proteids  without  putrefaction.  Thus  in  sausages,  some  kinds  of 
leese,  ice-cream,  decayed  fish  and  mussels,  such  substances  have  caused  serious  and 
I'en  fatal  poisoning.  There  are  no  characteristic  post-mortem  changes  in  poisoning 
f  these  substances.  But  the  lesions  of  gastro-intestinal  inflammation  or  toxtemia 
lay  be  present. 

These  alkaloidal  substances  may  be  of  extreme  importance  in  certain  cases  of 
eath  from  obscure  causes  on  account  of  the  medico-legal  questions  which  may  arise.* 

Bibliography  of  Poisons. 

For  a  more  detailed  consideration  of  poisons,  their  effects,  modes  of  detection,  etc., 
Msult  the  great  work  of  Robert,  "Lehrbuch  der  Intoxikationen,"  or  the  following: 
'aylor  on  Poisons ;  Maschka's  "  Handbuch  der  gerichtlichen  Medicin,"  Bd.  ii. ;  Wood- 
lanand  Tidy,  'Torensic  Medicine" ;  Hoffmann's  "Lehrbuch  d.  gerichtlichen  Medicin." 
^ormtey's  "Micro-chemistry  of  Poisons''  contains  a  series  of  good  plates  of  the  micro- 
wpical  appearance  of  various  forms  of  crystals  of  poisonous  substances.  Peterson 
nd  Haines's  "Textbook  of  Legal  Medicine  and  Toxicology,"  1004,  is  good;  and 
Itinkel,  "Handbuch  der  Toxikologie,"  Jena,  1901,  is  very  valuable. 

Lesser's  "Atlas  der  gerichtlichen  Medicin"  contains  a  series  of  colored  plates 
tiowing  the  appearance  of  the  stomach  after  the  action  of  various  poisons.  The  work 
f  Guy  and  Fcrrier  on  "Forensic  Medicine,"  7th  ed,,  revised  by  Srnilh,  contains  in  very 

<Se«SeAmull>iuiRn.  "GeriahtL  Med.,"  ath  ed..  Caipcr-Li'mun.,  Bd.  i..  p.  872,  1905. 
'For  ■    BoniideislkiD  of    the  reasons  for  the  localiiatiaii  of  secoaduy  lesions  of  CO  poisoniDg 
>  (be  bsuil  BSnalia  «m  Hnffmann'a  "Gericlitl.  Med,."  9th  ed.,  p.  Ti9,  I9D3. 

For  k  study  at  the  blood  supply  of  the  basal  canslia  see  Koli^o,  Wieoer  klin.  Wochenschr.,  1893, 
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compact  and  reliable  form  much  information  on  the  general  subjects  treated  in  the 
foregoing  section.  Lextnn'a  "  Lehrbuch  der  Toxicologic"  contains  many  valuable  and 
suggestive  general  considerations  on  the  action  of  poisons.  Schmidtmann^s  "  Hand- 
buch  d.  gerichtlichen  Medicin,''  1905,  is  the  last  and  9th  edition  of  the  standard  wortc 
of  Casper-Liman  and  contains  much  valuable  lore. 


Lesions  Induced  by  Endogenous  Poisons — ^Auto-Intoxications. 

As  we  turn  now  from  poisons  formed  outside  of  the  body  to  those 
formed  within  it — the  endogenous  poisons — we  encounter  two  classes: 

I.  Those  poisons  which  arise  from  the  metabolism  of  micro-organisms. 

II.  Those  which  arise  from  the  normal  or  aberrant  metabolism  of  the 
body-cells  themselves. 


I.  ENDOGENOUS  POISONS  FORMED  LARGELY  UNDER  THE  INFLX7ENCE  OF 

MICRO-ORGANISMS.' 

1.  Those  which  are  formed  in  infectious  diseases  (see  Chapter  IX., 
Part  I.,  on  Infectious  Diseases). 

2.  Those  formed  in  the  body  without  infection. 

The  most  common  and  important  metabolic  poisons  of  this  class 
are  those  which  are  formed  in  the  gastro-intestinal  canal  through  the 
action  of  micro-organisms,  mostly  bacteria,  upon  the  organic  constituents 
of  the  intestinal  contents  and  secretions.  The  new  chemical  substances 
thus  formed  become  deleterious  when  absorbed  into  the  body  fluids,  and 
this  may  occur  either  when  they  are  produced  in  unusual  quantity  or 
when  their  elimination  with  the  excreta  is  interfered  with.  When 
absorbed,  some  of  these  poisons  may  be  demonstrable  in  the  urine,  and 
they  may  give  rise  to  a  variety  of  symptoms  which  cannot  be  considered 
here,2  Such  are  dizziness,  headache,  some  forms  of  tetany,  gastro- 
enteritis, etc. 

Endogenous  poisons  analogous  in  origin  with  these  may  be  formed  in 
the  bladder,  in  putrid  abscesses,  or  in  necrotic  tissues  in  various  parts 
of  the  body.  Structural  lesions,  if  such  there  be,  occurring  under  these 
conditions,  are  as  yet  but  little  known. 

II.  ENDOGENOUS  POISONS  FORMED  BY  THE    BODY-CELLS— HISTOGENIC 

POISONS. 

It  is  only  within  the  past  few  years  that  the  studies  on  cell  metabo- 
lism have  led  to  the  belief  that  the  body-cells  may  not  only  under  occa- 
sional abnormal  conditions  form  poisonous  chemical  compounds,  but  that 
even  in  the  normal  processes  some  of  the  intermediary  metabolic  prod- 
ucts may  be  inimical  to  the  welfare  of  the  body,  if  they  be  not  constantly 

^  Consult  in  connection  with  this  and  the  following  section  Herter^  "Chemical  PatholoKy,**  abo 
Wdls,  "Chemical  Pathology,"  2d.  edition,  and  Taylor  on  "Auto-intoxication,"  in  Osier's  Modern 
Medicine. 

<  It  is  the  opinion  of  some  pathologists  that  the  term  atito-intoxicalion  should  be  strictly  limited  to 
the  e£fect8  of  those  substances  which  are  actually  derived  from  the  cells  of  the  body;  that  these  akme 
are  truly  endogenous:  that  intoxication  by  bacterial  products  is  not  auto-intoxication;  and,  especially, 
that  it  is  improper  to  use  this  term  in  connection  with  the  intestinal  bacterial  decomposition,  since  the 
digestive  canal  is,  strictly  speaking,  exterior  to  the  body  tissues  and  cavities. 
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destructive  or  corrosive  poisons,  of  the  exact  ways  in  which  tl 
ew  induce  changes  in  the  blood;  many  appear  to  act  upon 
b;  but  the  nature  of  this  action  is  still  unknown.' 
lUt  inaisting  upon  the  advantages  of  such  a  grouping  as  has  b 
above,  and  with  the  full  recognition  of  its  incompleteness, 
lortant  of  the  so-called  "general  diseases,"  some  of  which  d 
ed  as  auto-intoxications,  will  be  considered  in  the  next  chap 
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CHAPTER  XIII. 

GEKERAL  DISEASES. 

[n  the  so-called  general  diseasea,  various  parts  of  the  body  are  structurally  or 
ttionally  involved,  but  there  is  usually  a  primary  lesion  in  some  special  organ. 
grouping  of  certain  diaeasea  under  this  heading  ia  rather  for  convenience  than 
luse  these  diaeasea  arc  fundamentally  different  in  their  relations  to  the  body  as  a 
lie  from  many  others,  such  as  infections,  intoxications,  etc.  Fever,  wbich  is  so 
D  one  of  the  manifestations  of  toxeemia,  has  been  grouped  with  the  general  dis- 
ta,  because  in  some  respects  it  presents  important  analogies  with  them. 

CACHEXIA  STRUHIPRIVA— BnrX<EDEl[A. 

The  thyroid  is  one  of  the  so-called  ductless  glands  which  furnishes 
emal  secretions  essential  to  normal  metabolism  in  the  body. 

Removal  or  destructive  lesions  of  this  gland,  both  in  man  and  the 
rer  animals,'  may  be  followed  by  serious  and  fatal  disease  character- 
d  as  cachexia  strumipriva.  In  man  the  more  common  manifestation 
this  disease  is  called  Myxcedema.  It  occurs  most  frequently  in  middle- 
id  women. 

The  skin  of  the  face  is  apt  to  be  swollen  and  waxy,  giving  a  peculiar 
d  rather  characteristic  appearance  to  the  features,  (Fig.  270).  The 
n  of  the  body  is  apt  to  be  dry  and  rough,  and  the  hair  may  fall  out. 
rspiration  is,  as  a  rule,  diminished.  The  mental  condition  is  dull,  and 
s  of  memory  and  insanity  may  occur.  Bodily  movement  and  speech 
;  apt  to  be  impaired.  The  fat  tissues  may  be  atrophic,  and  the  sub- 
taneous  tissue  has  been  shown  in  some,  though  not  all,  of  the  cases  to 
atain  an  unusual  amount  of  mucin.  In  some  cases  the  fibres  of  the 
per  layers  of  the  corium  are  crowded  apart  by  fluid. 

The  most  marked  and  constant  lesion  in  this  disease  is  an  atrophic 
adition  of  the  thyroid  gland.     The  parenchyma  of  the  gland  ia  more 

less  completely  replaced  by  fibrillar  connective  tissue,  and  by  new- 
■med  reticular  tissue  resembling  the  lymphatic  tissue  of  the  lymph- 
des.  The  general  appearance  of  the  atrophied  thyroid  gland  is  shown 
Fig.  272. 

In  addition  to  the  lesion  of  the  thyroid  there  are  apt  to  be  chronic 
darteritis  and  chronic  diffuse  nephritis.  In  some  cases  there  is  an 
cumulation  of  small  spheroidal  cells  about  the  smaller  blood-vessels  in 
.riouB  parts  of  the  body,  and  also  petechial  haemorrhages. 

If  the  thyroid  be  completely  removed  in  young  animals  there  is 
ficient  development  of  the  osseous  system,  while  in  man  the  frequent 

midism."  Jour.  Exp.  Med,,  vol.  iii..  p.  147,  IS9S,  biblioirapbi'.    For  a  study  of  tho  traiuplanlolion 
^  thyroid  KC  Payr,  Anb.  f.  kltn.  Chinirgie,  Bd.  txix.,  1900. 
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iation  of  cretinism  with  goitre  or  other  thyroid  lesions  iudicates  i 
ler  way  the  close  relationship  between  the  thyroid  and  cell  metst 

retinism  is  a  congenital  condition  in  which  development  is  retarde" 
faulty.  An  adult  in  years  is  often  infantile  or  childish  in  staW 
nental  capacity,  ill  formed  and  uncouth  (see  Fig.  271), 


Showing  "puOy"  BkiD  of  face  uiil  rKlliuc  ar  ths  baii^-oue  ol  Dr.  Henry  Bun. 

he  nature  of  the  substances  composing  the  internal  secretio 
B  thyroid  is  little  understood,  but  the  wonderful  therapeutic  effei 
B  administration  of  the  extract  of  the  gland  in  cases  of  myxoedei 
n  cretins,  in  which  they  are  deficient,  make  clear  their  great  impo 
Whether  directly  toxic  substances  are  formed  in  the  thyroid 
t  seems  proper  to  consider  the  cachexia  strumipriva  as  due  direct 
iirectly  to  auto-intoxication. 
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EXOPHTHALiaC  GOITRE.     (Bmsedow'e  Disease,  Gnves'  Disease.) 

''  '■  The  lesions  of  this  disease  are  urulateral  or  bilateral  enlargement  of  the  thyroid 
gland  and  protrusion  of  the  eyeballs — exophthalmos.  Associated  with  these  is 
enlargement  of  the  lymphatic  Bystem,  which  is  especially  marked  in  the  thymus, 
spleen,  and  lymph  codes.  Correlated  with  this  lymphoid  hyperplasia  is  a  relative  or 
absolut*  increase  in  the  lymphoid  elements  ot  the  blood,  and,  in  addition,  there  are 
certain  characteristic  disturbances,  among  them  rapid  heart  action — tachycardia — 
and  muscular  tremor.  The  pathological  changes  found  in  the  thyroid  are  extremely 
complex.  In  cases  in  which  the  clinical  sj'ndrome  of  exophthalmic  goitre  is  present 
there  may  be  found  normal  thyroid  tissue;  this  probably  represents  an  early  stage  ot 
exophthalmic  goitre  in  which  the  hyperplasia  has  not  yet  begun  or  has  been  inhibited 


Intentitiu]  tiuue:  b,  « 


by  the  administration  of  iodine.  Secondly,  there  may  be  an  active  hyperplasia  of  the 
glandular  epithelium  with  atrophy  of  the  colloid  material  and  alteration  in  its 
Btainingquatitiea,  the  colloid  no  longer  taking  a  bright  red  color  with  eosin.  The  gland 
also  may  show  the  lesions  of  colloid  goitre — large  alveoli  filled  with  normal  staining 
material  and  lymphoid  tissue  in  the  stroma.  This  condition  is  also  induced  in  hyper- 
plastic glands  by  the  administration  ot  iodine  for  therapeutic  purposes.  Thirdly, 
adenomata  of  the  thyroid,  of  either  the  fetal  or  the  tumor  type,  may  be  present  in 
exophthalmic  goitre,  though  probably  simply  coincident  with  the  disease  and  not 
directly  related  to  it.  Finally,  the  changes  in  the  gland  may  be  highly  complex,  when 
the  condition  develops  in  old  colloidal  goitres,  the  hyperplastic  structures  being  com- 
mingled with  cysts,  lixmorrhagic  areas,  calcification,  and  adenoma  nodules.  There  is, 
therefore,  no  specific  lesion  connected  with  esophthalmic  goitre,  but  the  majority  ot 
the  glands  show  more  or  less  cellular  hyperplasia  with  diminished  colloid.  This  may 
be  "considered  as  the  most  frequent  lesion.  In  all  cases  lymphoid  collections  are 
apt  to  be  found  in  various  portions  of  the  gland  distributed  throughout  the  con- 
nective tissue.  The  connective  tissue  also  undergoes  hyperplasia,  both  the  trabec- 
uts  and  the  substance  of  the  gland  and  the  capsule.  The  vascularity  of  the  organ  is 
often  greatly  increased,  the  arteries  and  the  veins  being  dilated,  and  this  congestion 
may  account  for  a  very  large  portion  of  the  increase  in  size  always  noted  in  exophthal- 
mic goitre,  though  it  is  generally  held  that  there  is  a  definite  increasein  cellular  volume 
also.  Some  of  the  symptoms  ot  myxcedema  are  frequently  shown  by  patients  suffering 
from  exophthalmic  goitre  and  the  terminal  stage  of  the  untreated  hj-perplastic  process 
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The  Brain. — Pigmentation  of  the  gray  matter,  acute  meningitis, 
chronic  meningitis,  and  distention  of  the  ventricles  with  serum  have  been 
observed. 

The  sympathetic  nerves,  especially  those  which  are  in  contact  with 
the  adrenals,  may  show  a  variety  of  changes  apparently  due  to  chronic 
inflammation.  Various  changes  in  the  nerve  cells  of  the  semilunar  gan- 
glia have  been  described. 

There  may  be  fatty  degeneration  of  the  heart  muscles  and  hyperplasia 
of  the  intestinal  lymph-nodules  and  spleen. 

The  Adrenals. — ^The  most  common  lesion  of  these  bodies  is  a  tubercu- 
lous inflammation,  and  this  or  some  other  lesion  has  been  found  in  nearly 
one-half  of  the  cases.  On  the  other  hand,  it  should  be  remembered  that 
similar  lesions  of  the  adrenals  often  occur  without  other  indications  of 
Addison 's  disease.  Tuberculous  adrenals  may  be  large,  hard,  and  nodu- 
lar; less  frequently  of  normal  size  or  smaller  than  normal.  On  section 
they  may  contain  cheesy  masses  surrounded  by  zones  of  gray,  semitrans- 
lucent  tissue.  Later  the  cheesy  masses  may  become  calcified  or  they  may 
soften  and  break  down.  The  grayish  zones  are  composed  of  tubercle 
tissue  or  denser  connective  tissue.' 

Other  cases  have  been  described  in  which  the  adrenals  were  the  seat 
of  carcinoma  or  of  fatty  or  waxy  degeneration.  But  these  lesions, 
especially  carcinoma  of  the  adrenals,  may  occur  without  the  manifesta- 
tions of  Addison's  disease.  The  adrenals  may  be  atrophied.  They  may, 
however,  be  normal,  and  in  some  such  cases  lesions  of  the  semilunar  and 
other  sympathetic  ganglia  have  been  found. 

On  the  whole,  the  clinical,  morphological,  and  experimental  data  now 
available  seem  to  point  to  lesions  of  both  the  sympathetic  system  and 
the  adrenals  as  of  probable  significance  in  determining  this  disease. 

The  hypothesis  which  is  most  in  favor  at  present  assumes  that  the 
adrenals  furnish  an  internal  secretion  without  which  normal  metabolism 
cannot  be  effected,  and  that  lesions  of  the  adrenals  or  of  the  sympathetic 
ganglia  and  vessels  about  them,  by  altering  or  diminishing  thi»  secretion, 
may  lead  to  the  functional  and  structural  changes  characterizing  the 
disease.'  This  active  principle,  which  is  present  in  the  medullary  and 
chromaffin  portion  of  the  adrenal  in  about  one-tenth  of  one  per  cent., 
has  recently  been  produced  synthetically  and  found  to  be  a  base,  chem- 
ically designated  as  methylamino-acetocatechol.  The  relationship 
between  the  medulla  of  the  adrenals  and  the  sympathetic  is  apparently 
intimate  but  is  as  yet  obscure.  Complete  removal  of  the  adrenals 
is  rapidly  fatal.  Injection  of  the  extracts  after  removal  of  the  organs 
fails  to  maintain  life.  The  action  of  extracts  of  the  adrenals  or  the  pure 
base  upon  the  muscle  fibres  of  arteries  leads  to  an  increase  in  blood 
pressure. 


rf.  Vtrchi.  Cent.  f.  Bllg.  Path,.  Bd.  lii. 

..  p.  577,  1901. 

'  For  Ihe  eftecla  of  removiil  of  supi 

■arenalbodyan. 
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Diabetes  mellitus  may  be  associated  with  hamachromatosis  an 
cirrhosis  of  the  liver — so-called  "bronzed  diabetes."' 

Under  the  influence  of  the  doctrine  of  internal  secretions  it  is  no 
commonly  assumed  that  the  pancreas,  in  addition  to  its  intestinal  seer 
tion,  furnishes  some  other  substance  to  the  body  which  is  essential  in  tl 
metabolic  changes  to  which  the  carbohydrates  and  proteids  must  t 
subjected  in  securing  normal  nutrition.'  Interference  with  this  intern; 
secretion  of  the  pancreas  is  thus  assumed  to  be  accountable  for  it 
faulty  metabolism.' 


Fla.  273. — ^LesiOHi  < 


OODT. 

The  characteristic  lesion  of  gout  is  the  presence  of  an  abnorms 
amount  of  uric  acid  in  the  blood  and  the  deposit  of  urate  of  sodium  i 
the  articular  cartilages,  the  ligaments  of  the  joints,  the  ears,  and  th 
eyelids.  Inflammatory  changes  may  be  associated  with  the  deposit 
in  the  joints.  There  appears  to  be  an  hereditary  predisposition  to  th 
disease.'' 

The  most  frequent  situation  of  the  gouty  deposit  is  the  metatarso 
phalangeal  joint  of  the  great  toe.     The  cartilage  may  be  infiltrated  o 

'  See  Opie.  Inc.  cil.,  p.  64. 

'  Interna!  secretions  which,  (onned  inoneor^Bn.  nre  neeeMsryar  useful  in  correlatina  the  (imcli™ 
of  the  organ  of  orifiin  wiUi  those  of  other  orgiuis  of  the  body  &re  called  hormones,  see  Startins.  B^^" 
Lecture,  1907-8. 

■  Other  forma  of  glycosuria  are  known  which  are  to  be  otherwise  accounted  tor.  Thej'  an  <• 
aiwacial«d  vith  lesions  of  the  ner\-ous  system  or  induced  by  the  action  of  certain  poisons,  pliki[id"i 
diabetes  (or  ciample.  or  may  occur  under  other  conditioDS. 

'For  study  of  gout  ?ee  ^Ifin^oir.H.  IJie  GichI,  Vienna,  1903. 
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encruBted  with  the  deposit.  These  masses  of  urates,  often  called  "chalk- 
stones"  or  "tophi,"  may  appear  upon  the  surface  by  the  ulceration  of 
the  skin  (Fig.  273). 

A  very  important  feature  of  gout  is  that  patients  with  the  gouty  di- 
athesis are  especially  liable  to  derangements  of  digestion  and  to  certain 
chronic  inflammations,  such  as  chronic  inflammation  of  the  arteries,  the 
bronchi,  and  the  kidneys.  Cardiac  hypertrophy  may  be  associated  with 
the  arterio-sclerosis.  The  interstitial  tissue,  especially  in  the  pyramids 
of  the  kidney,  may  be  infiltrated  with  the  urates. 

The  nature  of  the  disturbances  of  nitrogenous  metabolism  underlying 
the  manifestations  of  gout  is  not  yet  clear,  nor  are  we  able  to  estimate 
the  influences  upon  accumulations  of  uric  acid  in  the  body  of  faulty 
elimination  or  local  tissue  alterations.  Xor  is  the  relationship  plain  of 
local  inflammatory  processes  to  the  gouty  deposits, 

SUl^TROKE.     (Insolation ;  Heat  Ezbaustion.) 

Persons  exposed,  while  at  work  or  when  exhausted,  to  the  sun  or  to 
high  temperatures  are  liable,  especially  if  of  intemperate  habits,  to  sud- 
den prostration,  often  associated  with  cardiac  failure,  asphyxia,  convul- 
Bions,  and  coma.     Death  in  many  caBCS  soon  ensues. 

After  death,  decomposition  sets  in  early  and  progresses  rapidly.  The 
blood  usually  remains  fluid. 

The  brain  and  its  membranes  are  in  some  cases  congested,  in  others 
not.  There  may  be  an  increased  amount  of  serum  beneath  the  pia  mater, 
or  small  and  thin  extravasations  of  blood  beneath  the  pia  mater  and 
between  the  pia  and  dura  mater.  Chromatolysis  of  the  ganglion  cells  has 
been  described  by  Van  Gicson'  and  others.  The  thoracic  and  abdominal 
viscera  may  be  congested;  albuminous  degeneration  may  be  evident 
in  the  liver  and  kidneys. 

In  the  cases  in  which  cerebral  symptoms  are  protracted  for  a  number 
of  days  the  lesions  of  meningitis  have  been  found  after  death. 

According  to  Cramer,'  persons  surviving  for  some  time  the  first  severe 
effects  of  the  heat  may  suffer  important  alterations  in  certain  nerve  fibres 
of  the  brain. 

SCORBUTUS.     (ScurryO 

This  disease  appears  to  result  from  imperfect  nutrition  under  condi- 
tions which  cannot  be  considered  in  detail  here,  but  which  is  usually 
attributed  to  insufficient  or  inappropriate  diet.  The  lesions  are  variable, 
the  most  common  being  anjemia;  extravasation  of  blood  in  the  skin, 
subcutaneous  tissue,  and  muscles;  swelling  and  ulceration  and  bleeding 
of  the  gums.  Small  and  sometimes  extensive  hsemorrhages  are  apt  to 
Qccur  in  the  mucous  membranes  and  on  serous  surfaces.  Small  ulcers 
may  form  in  the  mucous  membranes.  Fatty  degeneration  of  the  heart, 
liver,  and  kidneys  is  not  uncommon.     The  spleen  may  be  large  and  soft. 

1  Van  Oietan,  "Toiia  Buis  of  NeuTal  Diaeasea,  "  N.  V.  Sta(«  Hoapitol  Bulletin,  voL  L,  p.  107, 
ISQO:  aba  Lambert.  Uedial  NewB.  July  24tb.  1307. 

>  Cramer.  CcDtnlblatt  far  allg.  Path.,  etc..  Bd.  i.,  p.  1S5,  1890. 
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No  constant  characteristic  changes  have  been  discovered,  either  in  t 
blood-vessels  or  the  blood,  which  would  satisfactorily  account  for  t 

extravasations  and  other  lesions. 

The  body  is  apt  to  decompose  early.  The  skin  may  be  mottled  wi 
small  and  large  purple,  blue,  brown,  or  blackish  spots  produced  I 
degenerative  changes  in  the  extravasated  blood  in  the  cutis.  Sometini 
ulcers  are  produced  by  the  perforation  of  effused  blood  on  to  the  surfai 
The  joints  may  be  inflamed,  may  contain  serum  or  blood.  Rarely  t 
hemorrhages  are  followed  by  destruction  of  the  cartilages  and  ends 
the  bones.  Very  rarely  there  is  hsemorrhage  between  the  periosteu 
and  bone,  and  in  the  bone  itself,  producing  softening  and  destruction 
the  bone,  and  separation  of  the  epiphyses.  The  sternal  ends  of  the  ri 
are  the  most  frequent  seat  of  this  change.  Albuminous  degeneration 
the  heart,  liver,  or  kidneys,  and  enlargement  of  the  spleen,  are  commo 

Infantile  Scorbutus. — Infants  (under  two  years)  may  develop  simil 
amemia  and  tendency  to  hemorrhages.  The  most  common  location 
the  hsemorrhagca  ia  beneath  the  periosteum  of  the  bones  of  the  low 
extremities,  especially  of  the  femora,  with  separation  of  the  lower  epiph 
ses.  There  may  be  hemorrhages  in  the  akin  and  subcutaneous  tissue 
the  eyelids,  and  orbit,  and  in  the  internal  organs.  Haemorrhagie  inflai 
mation  and  ulceration  of  the  gums  are  usually  limited  to  infants  havii 
teeth  and  to  portions  of  the  jaw  in  which  teeth  are  apparent  or  ju 
about  to  come  into  view.' 

That  some  forms  or  phases  of  scorbutus  are  of  infectious  nature 
not  improbable,  but  definite  data  in  this  direction  are  wanting. 

ACROHBGAZIA. 
This  rare  disease  is  especially  marked  by  an  overgrowth  of  the  t( 
minal  portions  of  the  extremities,  and  of  the  bones  of  the  face.'  B 
there  may  be  a  general  involvement  of  the  skeleton — gigantism.  Tl 
excessive  growth  is  in  the  diameter  rather  than  in  the  length  of  the  bonf 
and  is  accompanied  by  local  exostoses.  Equally  important  and  commi 
is  a  general  hyperplasia  of  the  connective  tissue  of  the  body.  The  thra 
may  be  persistent;  there  may  be  fibrous- tissue  formation  in  the  walls 
the  vessels  and  in  the  sympathetic  ganglia.  The  skin  is  often  pigments 
The  most  constant  lesion  which  appears  to  bear  upon  the  etiology  of  aci 
megalia  is  that  of  the  hypophysis.  This  in  many  cases  has  been  found 
be  the  seat  of  lesions,  most  frequently  a  hyperplasia  or  adenomato 
growth  in  the  prehypophysis.  While  endothelioma  and  sarcoma  of  t 
hj-pophysis  have  been  described  in  acromegaly,  it  seems  not  unlikely  th 
hyperplasia  has,  in  most  cases  at  least,  been  mistaken  for  these  tumoi 
The  complete  removal  of  the  hypophysis  or  of  its  anterior  portion 
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usually  there  is  more  than  normal  on  the  face;  there  is  also  hypoplasia 
of  the  genital  apparatus  and  slender  thorax  and  extremities.  In  children 
the  diagnosis  is  difficult,  but  may  occasionally  be  made  by  x-r&y  demon- 
stration of  an  enlarged  thymus.  Such  children  are  usually  pale  and 
feeble  and  show  general  lymphatic  enlargement.  Rickets,  tuberculosis, 
and  syphilis  are  common  accompaniments  of  the  disease.' 


Fio.  274.— HTPEttPtASiA  o^  Ltuphoid  Tissue  or  the  iNTBaTiHs  in  thb  Statcs 

Lymph-Nodes  and  -Nodules. — The  pharyngeal,  thoracic,  and  abdom- 
inal lymph-nodes  are  most  frequently  involved  in  hyperplasia,  the  new 
cells  often  infiltrating  the  surrounding  tissue.  There  may  be  hj-per- 
plasia  of  the  tonsils,  of  the  cervical,  mediastinal,  axillary,  and  abdominal 
lymph-nodes,  as  well  as  of  the  lymphatic  tissue  of  the  gastro -intestinal 
canal  (Fig.  274). 

The  thymus  may  be  congested  and  large  and  soft  from  hyperplasia. 
It  sometimes  evidently  exerts  such  pressure  on  the  adjacent  bronchi  and 
large  vessels  as  to  lead  to  death. 

The  spleen  may  be  moderately  enlarged  from  hyperplasia,  especially 
of  the  lymphoid  tissue  of  the  Malpighian  bodies,  and  it  may  be  congested. 
FEVER.     (PTrezia.) 

The  heat  of  the  body  is  derived  from  tissue  metabolism.  The  heart, 
the  muscles,  the  liver,  and  other  abdominal  organs  are  the  great  Bources 
of  heat  production.  The  temperature  of  the  body  under  normal  con- 
ditions is  maintained  within  narrow  limits  by  the  heat-regulating  mech- 
anism which  preserves  the  balance  between  heat  production  and  heat 
loss  effected  largely  through  the  skin  and  respiratory  surfaces. 

'  Fm  »  study  of  the  IjTnphalJc  constitution  sjid  its  relationship  to  sudden  doBth,  Eiring- 1"'-  Y.Med. 
Jour..  1S97.  July  10;  Baiirl  and  BaufT.  Status  Thymico-Lymphaticus  u.  Status-Uypoplaalicus.  Lapii«. 
101^:  V.  jVnutcr.  Zur  Diii;no>^e  des  Status  Lyinphaticus.  Wien,  1  mi  (conta  ns  reference  lo  vork  of  Nor- 
ris,  page  Z28) ;  PaUauf.  Wieo,  Itlin.  Wchnschr.,  1M89,  No,  46.  and  1890,  No.  fl;  and  Emenon  Areh.  Int. 
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Fever  may  be  defined  a«  a  general  disturbance  of  metabolism  usually 
due  to  infection  or  various  forms  of  intoxication  which  leads  to  a  rise  of 
the  temperature  within  the  body. 

The  rise  of  temperature  in  fever  depends  primarily  upon  an  increase 
in  the  metabolic  combustion.  Oxygen  is  used  in  larger  amount  than  is 
UBual,  while  the  combustion  products,  carbonic  acid,  and  the  nitrogenous 
Bubstances,  urea,  uric  acid,  etc.,  are  excreted  in  greater  abundance. 
This  increased  combustion  is  usually  associated  with  disturbances  of 
digestion  and  assimilation  of  food,  so  that  the  abnormal  heat  production 
is  effected  largely  at  the  expense  of  the  body  proteids  of  the  various 
tissues  and  organs  concerned  in  metabolism. 

But  with  the  increased  heat  production  there  usually  occur,  in  the 
earlier  periods  of  fever,  such  disturbances  in  the  vasomotor  control  of 
the  cutaneous  blood-vessels  as  lead  to  their  contraction.  Thus,  heat 
elimination  is  retarded.  In  later  periods  the  vessels  of  the  skin  may 
dilate  so  that,  in  spite  of  its  persistent  dryness  and  lack  of  the  cooling 
effect  of  sweat  evaporation,  there  is  an  excessive  loss  of  heat  from  this 
source.  This  is  not  sufficient,  however,  to  balance  the  excessive  heat 
production.  We  need  not  consider  here  the  various  subjective  and 
objective  phenomena  characteristic  of  the  febrile  condition.  The  height 
of  temperature  varies  in  fever,  seldom  exceeding  42°  C.  (107.6°  F.),  and 
is  usually  much  less  than  this.  Even  this  temperature,  if  it  last  for  a  few 
hours,  may  induce  coagulation  of  the  cell  protein  and  thus  cause  death. 

In  the  great  majority  of  cases  fever  is  due  to  the  presence  in  the  body 
of  deleterious  substances,  either  introduced  from  without,  or,  more  com- 
monly, produced  within  the  body.  These  are  most  often  formed  in 
infections,  and  arise  either  from  the  growth  in  the  tissues  of  pathogenic 
micro-organisms  or  from  the  disintegration  of  their  bodies;  that  is,  they 
are  loo^ns  or  endotoxins.  But  there  is  abundant  evidence  that  fever  is 
not  infrequently  due  to  perverted  metabolism  of  the  tissue  cells,  leading 
to  the  formation  of  toxic  substances.  Such  self-engendered  substances 
are  called  autotoxins.  The  pyrexia  of  sunstroke  is  believed  to  be  an 
example  of  this  phase  of  auto-intoxication. 

Similarly  it  is  known  that  certain  drug* — cocain,  caffeine,  purin  bases, 
phosphorus,  various  bacterial  toxins,  and  organic  substances — proteids, 
leucocytic  proteases,  ferments,  etc. — introduced  from  without  may  induce 
fever. ' 

Exactly  how  these  various  substances  act  in  the  incitement  of  fever 
is  unknown.  But  one  assumes  that  the  cell  metabolism  is  disturbed 
by  the  poison,  while  the  heat-regulating  mechanism  is  so  modified  that 
the  normal  balance  is  overthrown.  That  the  nervous  system  may  play 
an  important  rflle  in  these  disturbances  is  indicated  by  the  fact  that  more 
or  less  persistent  elevations  of  temperature  may  follow  puncture  or 
bsmorrhage  in  the  corpus  striatum  or  lesions  of  the  bulb  or  certain  other 
affections  of  the  nervous  system.' 

1  See  V'aue^n,  Protein  SpUt  FroducU,  Philadelphift.  1613. 

>  For  ■  atudy  of  fever  and  allied  oonditioiis  >ee  Chanlemeiit  and  Poifuv**^'*'^!'.  "  !>«  Praces«s 
a«D«mui."  lM)l:HeaboXreU,  "Clinical  Pathology."  Tnm.  by  Hewlett. 
For  meCaboUam  in  fever  aee  MacCallam,  Harvey  Lecturu,  190S-Q. 


CHAPTER  XIV. 

THE  LESIONS  IN  CERTAIN  FORMS  OF  DEATH  FROM  VIOLEH 
SUDDEN  DEATH. 

The  Lesions  la  Certain  Fonns  of  Death  from  Violence. 
SUFFOCATIOH— ASPHYXIA. 

By  suffocation  is  meant  that  condition  in  which,  without  di 
pressure  on  the  larynx  or  trachea,  air  is  prevented  from  penetrating: 
the  lungs.  The  interruption  of  the  function  of  respiration  which  is  t 
brought  aboutinduces  the  condition  known  as  asphyxia.  In  this  ' 
many  deaths  from  drowning  and  strangulation  take  place. 

The  ways  in  which  the  supply  of  air  may  be  cut  off  from  the  lu 
are  various.  The  mouth  and  nose  may  be  closed  by  the  hand,  by  p 
ters  and  cloths,  by  wrapping  up  the  head  in  cloths,  by  covering  the  I 
with  earth,  hay,  grain,  etc.  Foreign  bodies  may  be  introduced  into 
mouth,  pharynx,  and  larynx.  Blood  may  pass  into  the  trachea  fron 
aneurism  or  from  a  wound.  The  glottis  may  be  closed  by  InSammat 
swelling.     Vomited  material  may  lodge  in  the  larynx. 

On  the  other  hand,  injury  or  disease  of  the  medulla  oblongata 
paralysis  or  spasm  of  the  muscles  of  respiration  from  drugs,  tun 
pressing  upon  the  air  passages,  or  diseases  of  the  lungs  themselves 
irrespirable  gases  which  exclude  oxygen  from  the  lungs,  may  ind 
asphyxia. 

External  Inspection. — The  body  should  be  examined  for  marks  of  violt 
the  cavities  of  the  mouth  Bud  nose  for  foreign  substances. 

The  face  may  be  livid  and  Ewolien  or  present  a  natural  appearance.  The  conj 
tiva  may  be  congested  and  ecchymotic.  There  may  be  small  ecchymoses  on  the  I 
neck,  and  chest.  The  mouth  often  contains  frothy  blood  and  mucus.  The  toi 
may  be  protruded. 

Internal  Examination. — The  brain  and  its  membranes  may  be  congestec 
anaemic  and  cedematous,  or  unchanged.  The  blood  throughout  the  body  is  iwi 
dark-coiored  and  fluid. 

The  larynx  may  contain  foreign  bodies  which  have  induced  the  suffocaUon. 
mucous  membrane  of  the  larynx,  trachea,  and  bronchi  may  be  congested  snd  « 
times  ecchymotic:  these  passages  contain  frothy  blood  and  mucus.  The  hngi 
usually  congested  and  cedematous,  but  sometimes  do  not  differ  from  their  ordiJ 
appearance.  There  may  be  small  patches  of  emphysema  near  the  surface  of  tbelu 
Sometimes,  especially  in  infants,  small  ecchymoses  are  found  in  the  costal  sn<l 
monary  pleura. 

The  heart  usually  presents  its  right  cavities  full  of  blood,  its  left  cavities  em 
but  to  this  there  are  frequent  exceptions. 

The  abdominal  viscera  are  usually  congested. 
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DEATH  FROM  SnUUfGULATIOH—HAnGinG. 

Strangulation  is  effected  by  the  weight  of  the  body  in  hanging,  by 
Bssure  on  the  neck  with  the  hands  or  by  some  other  object,  or  by  con- 
■iction  of  the  neck  with  a  cord  or  ligature  of  some  kind.  Death  usually 
curs  by  asphyxia,  or  by  asphyxia  combined  with  the  effect  of  the 
tting-off  of  the  blood  supply  to  the  brain  by  pressure  on  the  large 
ssels  of  the  neck.     In  some  cases  of  hanging,  death  ensues  as  a  result 

fracture  or  dislocation  of  the  cervical  vertebne. 

External  Inspection. — The  face  may  be  livid  and  awollen,  the  eyes  promineot, 
1  lips  swollen,  and  the  tongue  protruded.  These  appearances  are,  however,  often 
sent.  Erection  of  the  penis,  ejaculation  of  semen,  and  evacuation  of  feces  and 
ine  are  frequently  observed. 

In  many  caaes  marke  are  left  upon  the  neck  by  the  objects  which  have  directly 
sduced  the  strangulation.  In  cases  of  hanging,  the  mark  about  the  neck  varies  con- 
lerably  in  position,  direction,  and  general  characters,  depending  upon  the  kind  of 
ature  employed,  the  time  of  suspension,  period  after  death  at  which  the  observation 
made,  etc.  The  most  common  mark  left  by  a  cord  about  the  neck  is  a  dry,  dense, 
ownish  furrow,  whose  breadth  corresponds  but  in  a  very  general  way  with  the  diau)- 
sr  of  the  cord.     In  some  cases,  according  to  Tidy  and  others,  there  may  be  no  mark 

all  if  the  hanging  be  quickly  accomplished  with  a  soft  ligature  and  the  body  cut 
iwu  immediately  after  death.     There  may  be  abrasions  and  ecchymoses  of  the  skin 

the  seat  of  ligature. 

In  cases  of  strangulation  by  the  fingers  the  mark  on  the  neck  may  correspond  in  a 
neral  way  to  the  shape  of  the  finjfers. 

The  application  of  the  same  forces  immediately  after  death  may  produce  the  same 
arks  as  when  death  is  induced  by  them. 

Internal  Examination. — The  brain  and  its  membranes  may  be  congested,  or 
ere  may  be  extravasation  of  blood,  or  there  may  be  no  abnormal  appearances. 

The  A'eci. — ^In  some  cases  there  is  effusion  of  blood  beneath  the  ligature,  rup- 
iTe  of  the  cervical  muscles,  fracture  of  the  os  hyoides  and  cartilages  of  the  larynx, 
acture  and  dislocation  of  the  cervical  vertebiw,  rupture  of  the  internal  vertebral 
^ments  and  of  the  inner  and  middle  coats  of  the  carotid  arteries.  Similar  changes 
ay  be  produced  in  the  dead  body  by  the  use  of  great  violence. 

If  death  occur  from  asphyxia,  the  internal  lesions  are  similar  to  those  described 
>ove.  In  some  cases — for  example,  where  death  has  occurred  from  fright  or  shock — 
le  results  of  post-mortem  examination  are  entirely  negative. 

DEATH  FROM  DROWHIHG. 

In  examining  the  bodies  of  persons  who  are  supposed  to  have  been 
rowned,  it  is  necessary  to  bear  in  mind  a  number  of  questions  which 
lay  arise:  Whether  the  person  came  into  the  water  alive  or  dead? 
low  long  a  time  haa  elapsed  since  death?  Whether  the  person  has  eom- 
litted  suicide,  or  was  drowned  by  accident,  or  was  murdered?  These 
uestione  are  to  be  solved  sometimes  certainly,  sometimes  with  prob- 
bility,  sometimes  not  at  all,  by  the  post-mortem  examination.  Pre- 
jna  dying  in  the  water,  to  which  condition  the  term  drowning  is  com- 
lonly  applied,  may  die  from  asphyxia,  from  exhaustion,  from  fright 
r  syncope,  from  disease  of  the  heart,  apoplexy,  injuries,  etc.  While 
1  the  majority  of  cases  asphyxia  is  a  predominant  or  important  factor 
I  death  by  drowning,  the  conditions  under  which  death  occurs  are  so 
pt  to  be  complex  that  in  the  minority  of  cases  only  are  the  lesions  of 
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pure  asphyxia  found  after  death,  while  in  most  cases  the  bodies  present 
the  more  or  less  well-marked  lesions  of  asphyxia  together  with  those 
indicative  of  complicating  conditions.  There  are  no  post-mortem  con- 
ditions which  alone  are  absolutely  characteristic  of  drowning,  and  it  is 
only  by  considering  all  the  facts  elicited  by  the  autopsy  together  that 
any  just  conclusion  can  be  arrived  at.  It  should  always  be  borne  in 
mind,  moreover,  that  even  the  most  characteristic  of  the  evidences 
of  drowning  are  apt  to  be  modified  or  to  disappear  as  decomposition 
goes  on. 


External  Inspection. — ^Post-mortem  rigidity  usually  sets  in  early,  sometimes 
immediately  after  death.  Decomposition  progresses,  especially  in  simimer,  with 
unusual  rapidity  in  bodies  which  have  been  removed  from  the  water.  Frequently, 
but  by  no  means  constantly,  the  peculiar  roughening  of  the  skin,  known  as  goose-ekin 
(cutis  anserina),  is  found,  but  this  may  occur  after  death  from  other  causes.  A  light, 
lathery  froth,  either  white  or  blood-stained,  is  frequently  seen  about  the  mouth  and 
nostrils  within  twelve  to  twenty-four  hours  after  removal  of  the  body  from  the  water, 
but  it  may  be  absent,  and  may  be  seen  after  death  from  other  causes.  After  the  body 
has  lain  for  several  hours  in  the  water  (twelve  to  twenty-four)  the  thick  skin  of  the 
palms  of  the  hands  and  soles  of  the  feet  may  become  macerated  and  thrown  into 
coarse  wrinkles,  just  as  it  may  after  prolonged  soaking  during  life,  or  in  a  dead  body 
thrown  into  the  water.  The  penis  and  nipples  may  be  retracted,  and  the  scrotum 
shrimken,  but  this  is  not  constant  nor  characteristic. 

If  the  person  has  struggled  in  the  water  and  clutched  at  objects  within  his  reach, 
there  may  be  evidences  of  this  in  excoriation  of  the  fingers  or  in  the  presence  of  sand, 
weeds,  etc.,  under  the  nails  or  grasped  in  the  hands. 

External  marks  of  injury,  bruises,  etc.,  should  be  sought  for,  since  persons  in  dying, 
or  on  being  thrown  into  the  water  with  homicidal  intent,  may  have  died  from  the 
violence,  and  not,  strictly  speaking,  from  drowning.  It  should  also  be  borne  in  mind 
in  such  complex  cases  that  injuries,  not  in  themselves  fatal,  may,  when  the  body  is  in 
the  water,  prove  so  on  account  of  the  inability  of  the  person  to  rescue  himself  or  gain 
time  for  recovery  from  the  injury,  and  that  then  the  struggle  for  breath  may  be  but 
slight,  and  the  more  prominent  signs  of  drowning  but  little  marked. 

Internal  Examination. — The  Brain, — Congestion  of  the  brain  and  its  mem- 
branes is  found  only  in  a  small  proportion  of  cases. 

The  bloodf  when  death  occurs  from  asphyxia,  is  usually  fluid  throughout  the  body 
and  of  a  dark  color,  as  in  asphyxia  from  other  causes. 

The  Air  Passages. — In  persons  who  die  from  asphyxia  the  mucous  membrane  of 
the  larynx,  trachea,  and  bronchi  is  usually  congested,  and  the  air  passages  contain  a 
variable  quantity  of  bloody  or  mucous  froth.  In  persons  dying  in  the  water  from 
other  causes  than  asphyxia,  these  appearances  are  absent.  Foreign  substances  from 
the  water,  such  as  sand,  weeds,  etc.,  or  materials  regurgitated  from  the  stomach,  may 
find  their  way  into  the  air  passages  during  the  act  of  drowning  or  as  a  post-mortem 
occurrence.  Thus,  in  bodies  washed  about  the  bottom,  sand  or  mud  may  get  into  the 
air  passages  for  a  certain  distance,  from  the  mechanical  action  of  the  water. 

The  lungs  in  typical  cases  are  distended  so  that  they  fill  the  thorax  and  cover 
the  heart.  The  increased  size  is  due  partly  to  congestion,  partly  to  the  presence  of  the 
fluid  in  which  the  person  was  drowned,  which  is  often  inspired  during  the  act  of  drown- 
ing, and  partly  to  the  distention  of  the  air  vesicles  with  air.  In  cases  of  drowning  in 
which  there  is  a  struggle  and  water  is  breathed  in,  the  lungs  may  contain  considerable 
fluid ;  but,  as  a  result  of  decomposition,  this  may  find  its  way  in  greater  or  less  quantity 
into  the  pleural  cavities  by  transudation,  leaving  the  lungs  comparatively  empty. 
It  should  be  remembered,  however,  that  a  considerable  quantity  of  reddish  fluid  may 
collect  in  the  pleural  cavities  under  other  conditions  than  drowning,  through  a  post- 
mortem change,  by  transudation  from  the  blood-vessels  and  other  adjacent  tissue. 

The  Heart. — In  those  who  die  from  asphyxia  the  right  cavities  are  usually  filled 
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1  fluid  blood,  while  the  left  cavities  are  empty.     But  when  death  ia  due  to  eom- 

:  causes  this  may  not  be  the  case. 

The  abdominal  viscera  may  be  congested  in  persons  who  die  from  asphyxia. 


The  Stomach. — The  fluid  in  which  the  person  was  drowned,  sometimes  mized 
ilh  sand,  weeds,  etc.,  may  be  swallowed  during  the  act  of  drowning.  Sand  may 
ub  for  a  short  distance  into  the  cesophagus  after  death,  in  bodies  washing  about  the 
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Circulatory  System. — Heart — fatty  degeneration,  chronic  myocarditis, 
Bcese  of  the  myocardium,  rupture,  lesions  of  the  coronary  arteries, 
docarditis,  and  pericarditis.  Blood-vessels — arterio-sclerosis,  aneu- 
ms — especially  intracranial,  intrapericardial,  abdominal,  and  pulmo- 
ry;  rupture  of  the  aorta,  congenital  narrowness  of  the  aorta,  thrombosis 
d  emboliBm  of  the  pulmonary  or  cerebral  arteries. 


This  iodividunt  died  within  a  few  geconds  sfter  bolting  this  man  of  meat. 

Brain — hsDmorrhage,  meningitis,  abscesses,  and  tumors.  Very  slight 
^juries  of  various  parts  of  the  body  have  been  followed  by  sudden 
eath,  probably  through  inhibition.  Syncope  or  shock  may  terminate 
3  death. 

RespiTotory  Sysletn. — Foreign  bodies  lodging  at  the  entrance  to  the 
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are  not  infrequently  followed  by  immedia 
of  asphyxia  (Fig,  277) .  (Edema  of  the  glotti 
-rophy  of  the  thyroid,  mediastinal  tumors,  j 
:  may  lead  to  sudden  death. 
domiTial  Viscera. — Rupture  of  visceral  aba 
of  the  gastro -intestinal  canal;  rupture  of 
latter  be  enlarged  as  in  malaria;  extra-ui 
3  hsematocele,  and  rupture  of  the  uterus,  are 
iiently  leading  to  sudden  death, 
iden  death  is  frequent  in  diabetes,  in  vai 
and  in  alcoholism,  and  in  association  with  t 
LUtion.' 

Jden  death  in  young  children  is  most  often  ass 
respiratory  system,  thus  differing  from  adu] 
culatory  system  are  of  the  greatest  significan 
adden  death  in  children  usually  to  one  of  f 
)e,  convulsions,  asphyxia,  pulmonary  cong 
era.  A  large  thymus  (Figs.  275  and  276)  w 
on  is  frequent  in  cases  of  sudden  death  in  yi 

.  Earing.  Now  York  Med.  Jour.,  vol.  livi.,  p.  37,  18»T.  bibL 
r  furtber  deUib  on  suddoD  denth  conault  Brouardtl,  "Deati 
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SPECIAL  PATHOLOGY. 

General  Considerations. 

We  have  now  completed  the  study  of  those  fundamental  processes 
and  structural  alterations  which  are  embraced  in  general  pathology. 
These  have  been  considered  without  reference  to  special  regions  or 
organs  of  the  body.  We  now  enter  upon  the  study  of  these  pathological 
processes  and  their  associated  lesions  as  they  are  modified  by  the  special 
conditions  and  characteristic  structures  of  one  and  another  of  the  tissues 
or  organs  or  regions  of  the  body.  It  is  clear  that  both  the  disease  proc- 
esses and  the  structural  alterations  with  which  these  are  associated 
may  be  modified  by  the  functional  and  structural  peculiarities  of  the 
affected  organ.  Thus  while  degeneration,  regeneration,  inflammation, 
etc.,  may  be  fundamentally  similar,  for  example,  in  liver,  kidney,  and 
nerve,  they  may  present  suflScient  variation  in  one  or  another  of  these 
parts  to  require  a  separate  consideration  and  even  a  special  nomen- 
clature. We  shall  have  occasion  to  call  attention  now  and  then  to  those 
functional  and  structural  characteristics  of  the  organs  which  often  throw 
much  light  upon  their  mode  of  response  to  the  various  excitants  of 
disease. 

It  is  well,  on  the  other  hand,  to  remember  that  there  are  in  all  the 
organs  and  in  most  parts  of  the  body  certain  elementary  structures,  such 
as  connective  tissue,  blood-  and  lymph-vessels,  and  nerves,  whose  lesions 
are  quite  similar  wherever  they  may  be.  So  that  many  forms  of  lesion 
involving  these  structures,  while  of  varjdng  significance  to  the  organism, 
differ  in  the  various  parts  of  the  body  chiefly  in  distribution  or  topography. 


! 


ii 


i, 


rlt 

Mt 

II 

[J 


,  f 


451 


il 


it 


ih 


i 


CHAPTER  I. 

THE  BLOOD  AND  THE  BLOOD-FORMING  ORGANS. 
Changes  in  the  Composition  and  Structure  of  the  Blood.  ^ 


The  Coagulability  of  the  Blood  and  the  characters  of  the  resulting 

clot  vary  widely,  depending  partly  upon  the  composition  of  the  blood 

j,  and  partly  upon  the  conditions  under  which  the  coagulation  occurs. 

There  may  be  very  little  coagulation  of  the  blood  in  death  from  suffoca- 
tion, or  from  conditions  which  interfere  with  the  aeration  of  the  blood 
and  permit  the  accumulation  of  carbonic  acid  within  it.  Thus,  in  death 
li  from   strangulation,   high-voltage   electric    currents,   drowning,   many 

chronic  diseases,  or  scurvy,  and  under  many  conditions  which  we  do  not 
understand,  the  blood  may  remain  fluid,  or  nearly  so,  after  death.  On 
the  other  hand,  in  a  variety  of  infectious  diseases,  such  as  rheumatism, 
pneumonia,  etc.,  very  voluminous  clots  may  be  formed,  although  this  is 
jl  by  no  means  constantly  the  case.     The  fact  that  large  clots  form  after 

death  is  not  conclusive  evidence  that  an  undue  amount  of  fibrin-forming 
t  elements  was  present  in  the  blood,  nor  does  the  absence  of  marked  coagu- 

lation prove  a  diminution  in  the  blood  of  fibrin-forming  elements. 

The  composition  of  the  clot  varies  with  the  rapidity  of  its  formation 
and  with  the  specific  gravity  of  the  plasma.  Clots  very  rapidly  formed 
in  plasma  of  high  specific  gravity,  or  in  still  slowly  circulating  blood, 
are  apt  to  be  dark  red,  from  admixture  of  red  cells  and  fibrin.  After 
complete  failure  of  circulation,  especially  in  plasma  of  low  specific  grav- 
ity, the  red  cells  tend  to  settle  to  dependent  vessels.  Yellowish  white 
succulent  clots  then  form  in  the  clear  supernatant  plasma,  while  soft 
black  clots  result  from  the  excess  of  red  cells  collected  in  the  dependent 
vessels. 

The  current  theory  of  coagulation  of  the  blood  is  that  four  factors 
are  necessary  for  the  production  of  fibrin:  fibrinogen,  prothrombin, 
thrombokinase,  and  calcium  salts.  By  the  interaction  of  the  latter  three, 
thrombin  is  produced;  and  this  substance  acting  on  fibrinogen  causes 
the  formation  of  fibrin,  or  clotting.  The  fibrinogen  is  in  solution  in  the 
plasma.  By  the  action  of  thrombin  upon  it,  it  is  split  into  a  soluble 
serum  globulin  and  fibrin.  Prothrombin  is  present  in  the  circulating 
blood  and  of  itself  has  no  action  on  fibrinogen,  but  in  the  presence  of 
thrombokinase  and  a  calcium  salt,  a  new  body,  thrombin,  is  formed, 
which  acts  upon  fibrinogen.  Thrombokinase  is  not  found  in  the  plasma 
of  the  circulating  blood,  but  is  present  in  the  tissues  and  in  the  leuco- 

^  A  full  discussion  of  the  subjects  in  this  chapter  can  be  found  in  Ewing,  "Clinical  Patiiology  of  the 
n  I  Blood,"  1903:     DaCosta,  Clinical  Hematology,  1905;  and  Naegeli,  Blutkrankheiten  und  Blutdiag- 

n  nostik,  Leipzig,  1912. 
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cyiies  and  blood  platelets  of  the  blood.  Howell^  has  proposed  a  new  view 
which  postulates  an  antithrombin  inhibiting  the  conversion  of  the  pro- 
thrombin into  thrombin.  When  the  blood  is  shed  the  platelets  furnish  a 
thromboplastin  which  combines  with  the  antithrombin,  thus  freeing  the 
prothrombin;  the  latter,  activated  by  calcium,  then  acts  on  the  fibrinogen. 

The  time  of  coagulation  of  the  blood  in  healthy  persons  is  fairly  con- 
stant when  determined  by  satisfactory  methods.  In  disease,  consider- 
able variations  have  been  noted  in  the  coagulation  time.  In  cases  of 
hereditary  haemophilia  the  blood  may  require  60  to  70  minutes  to  coagulate 
instead  of  the  normal  7  to  10  minutes.  In  jaundice  the  coagulability  of 
the  blood  may  be  impaired.  Some  of  the  severe  anaemias  and  purpuras 
may  also  show  moderate  slowing  of  coagulation.  Repeated  haemorrhages 
shorten  the  time  of  coagulation.  It  has  been  stated  that  the  injection 
of  gelatine  into  the  vessels  and  the  ingestion  of  calcium  chloride  or  lactate 
also  shorten  the  coagulation  time.  The  facts  concerning  calcium  chlo- 
ride are  fairly  well  established,  but  the  influence  of  gelatine  is  still  open 
to  question.  The  diflSculty  lies  largely  in  our  inability  to  obtain  a  satis- 
factory quantitative  method  by  which  the  amount  of  thrombokinase 
can  be  accurately  determined,  and  the  influence  of  accidental  mechanical 
factors  can  be  eliminated. 

Reaction  of  the  Blood. — Owing  to  the  general  use  of  litmus  as  an 
indicator  the  reaction  of  the  blood  has  long  been  considered  to  be  alkaline. 
This  substance,  however,  does  not  afford  reliable  determinations  of  the 
actual  reaction,  and  it  has  lately  been  shown  by  physico-chemical 
methods  that  the  blood  may  be  considered  as  approximately  a  neutral 
fluid;  that  is,  that  the  proportion  between  the  hydrogen  and  the  hydroxyl 
ions  is  nearly  the  same  as  in  distilled  water.  The  reason  for  the  apparent 
alkalinity  to  litmus  and  the  real  neutrality  of  the  blood  is  that  there  are 
present  in  this  fluid  substances  which  when  dissociated  act  both  as  acids 
and  as  alkalies.  The  acids  are  represented  by  the  carbon  dioxide  dis- 
solved in  the  plasma  and  phosphoric  acid  present  as  a  monosodium 
salt.  The  alkalies  are  represented  by  sodium  bicarbonate  and  disodium 
phosphate  which  are  alkaline  in  reaction.  The  proteids  of  the  blood 
also  act  both  as  bases  and  as  acids.  Litmus  not  being  sensitive  to  carbon 
dioxide  is  turned  blue  by  the  excess  of  basic  ion  present.  If,  however, 
a  more  sensitive  indicator  is  used,  such  as  phenolphthalein,  no  alteration 
in  the  color  is  produced;  in  other  words,  the  blood  is  actually  acid  to 
that  substance. 

All  the  older  observations  based  upon  litmus  as  an  indicator  must  be 
revised,  and  there  are  at  present  but  few  reliable  determinations  avail- 
able. These  show  that  even  in  diabetes  with  a  high  content  of  beta- 
oxybutjrric  and  aceto-acetic  acids  in  the  blood  there  is  but  very  slight 
alteration  in  the  reaction  towards  the  acid  side.  The  maximum  change 
observed  in  such  cases  does  not  render  the  blood  over  three  times  as  acid 
as  distilled  water,  and  so  great  is  the  binding  power  of  the  proteids  and 
so  large  an  amount  of  free  alkali  is  available  for  neutralization  that  the 


^HovoeUy  Amer.  Jour.  Physiol.,  1911,  xxix.,  187. 
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conclusion  must  be  drawn  that  there  is  no  real  acid  intoxication  as 
indicated  by  marked  changes  in  the  blood  reaction. 

Anhydrsemia — the  condition  in  which  the  blood  contains  an  excessive 
proportion  of  albumin,  cells,  and  other  solid  elements — occurs  in 
diseases  associated  with  excessive  serous  discharges  from  the  intestines. 
It  is  extreme  in  some  cases  of  cholera,  and  has  been  noted  in  a  lesser 
degree  in  other  infectious  diseases,  as  pneumonia  and  diphtheria. 

After  removal  of  large  quantities  of  fluid  from  the  peritoneal  or 
pleural  cavities  a  passing  concentration  of  the  blood  even  to  the  doubling 
of  the  number  of  red  corpuscles  present  may  be  observed.  This  is  due  to 
the  rapid  transudation  of  serum  from  the  blood  to  take  the  place  of  that 
withdrawn  from  the  serous  cavity.  When  the  balance  is  again  estab- 
lished the  anhydraemia  quickly  gives  place  to  the  opposite  condition, 
hydrsemia. 

Hydraemia  is  that  condition  in  which  the  blood  contains  a  large 
amount  of  water  in  proportion  to  the  solid  ingredients.     It  occurs  in  a 
variety  of  diseases  of  the  heart,  lungs,  liver,  and  kidneys,  and  character 
izes  all  forms  of  anemia. 

Haemoglobinaemia. — Owing  to  the  destruction  of  red  blood  cells  in 
some  forms  of  poisoning,  burning,  etc.,  the  blood  plasma  may  contain 
free  haemoglobin,  by  which  it  is  discolored  (hmmoglobincBmia) ,  or  it  may 
be  stained  from  the  absorption  of  bile  pigment. 

A  similar  destruction  of  the  red  cells  with  solution  of  the  haemo- 
globin is  occasionally  observed  following  direct  transfusion  in  persons 
j  sufiFering  from  severe  anaemia,  especially  of  the  pernicious  type. 

Anaemia. — In  general,  anaemia  means  a  diminished  quantity  of  blood 

J  or  of  red  blood  cells  in  the  vessels  of  the  whole  or  any  part  of  the  body. 

!  With  one  exception — mild  chlorosis — it  is  invariably  characterized  by  a 

i  I  reduction  in  number  and  change  in  form  of  the  red  cells  (oligoc)^haemia), 

[  and  by  diminished  alkalinity  and  coagulability.     It  is  always  associated 

with  a  reduction  in  specific  gravity,  in  haemoglobin,  and  in  solid  elements. 
Hydraemia  and  an  increased  tendency  toward  osmosis  are  equally  con- 
stant features  of  this  condition.  The  albumens  remaining  in  the  serum 
after  coagulation  are  very  slightly  diminished  in  anaemia. 

Generally  speaking,  anaemia  is  produced  by  excessive  haematolysis, 
or  by  defective  haematogenesis,  or  by  actual  loss  of  blood,  in  bulk  (haem- 
orrhage), or  in  its  fluid  ingredients  (transudation). 

Anaemia  may  be  secondary  to  haemorrhage,  to  exudative  processes, 
to  prolonged  malnutrition,  to  chronic  organic  diseases  of  many  kinds, 
to  the  action  of  poisons,  to  congenital  hypoplasia  of  heart  and  arteries, 
to  functional  disturbances  of  an  unknown  nature  in  the  blood-forming 
organs,  and  to  wholly  unknown  causes.  Simple  atrophic  changes  in 
many  tissues,  hypertrophy  of  the  red  marrow,  lymph-nodes,  spleen,  liver, 
and  thymus,  fatty  degeneration  of  the  liver,  kidneys,  heart,  and  blood- 
vessels, with  capillary  haemorrhages  and  transudations,  are  frequent 
accompaniments  of  severe  anaemia. 

Polyc3rthaemia. — By  polycythaemia  in  its  proper  usage  is  meant  an 
increase  in  the  number  of  corpuscles  in  the  blood  without  necessarily  an 
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blood  is  then  taken  and  analyzed  to  determine  what  percentage  of  hemo- 
globin has  been  altered  into  carbon  monoxide  haemoglobin.^ 

THE  RED  BLOOD  CELLS. 

These  may  be  diminished  in  number  and  may  undergo  various 
changes  in  shape  and  size  and  structure. 

Alteration  in  Number  of  the  Red  Blood  Cells. 

01igoc3rth8smia  is  that  condition  of  the  blood  in  which  the  number  of 
the  red  cells  is  reduced.  This  reduction  in  number  may  be  temporary, 
as  after  hemorrhage,  or  it  may  be  persistent,  as  in  some  forms  of  ansmia. 
The  number  of  red  blood  cells  may  in  extreme  cases  of  anaemia  be  reduced 
to  one-tenth  of  the  normal,  or  even  less;  that  is,  from  the  normal  num- 
ber, which  is  between  four  and  five  millions,  there  may  be  a  reduction  to 
half  a  million  or  less. 

A  persistent  diminution  in  the  number  of  red  cells  may  be  effected 
either  by  increased  destruction  (hcematolysis)  or  by  defective  formation 
(hwmatogenesis)  of  these  elements,  but  the  relation  of  the  two  factors  in 
the  production  of  the  chronic  anaemias  is  as  yet  imperfectly  determined. 

Excessive  HiEMATOLYSis  occurs  after  burns,  is  the  result  of  poison- 
ing by  arsenic,  phosphorus,  and  chlorates,  phenylhydrazin,  nitrobenzol, 
acetanilid,  etc.,  and  may  occur  in  infectious  diseases  through  the  action 
of  bacterial  toxins.  All  stages  of  a  peculiar  destruction  of  red  blood 
cells  may  readily  be  followed  in  the  blood  in  malaria.  In  chronic  infec- 
tious diseases,  prolonged  suppuration,  and  in  the  cachexia  attending 
malignant  new  growths,  destruction  of  red  cells  is  probably  effected, 
in  part,  by  toxic  agents  circulating  in  the  blood.  In  pernicious  anaemia 
the  condition  of  the  blood  may,  with  considerable  certainty,  be  referred 
largely  to  a  destruction  of  red  cells  by  some  unidentified  toxic  material 
in  the  blood. 

In  the  destruction  of  the  red  cells,  especially  if  rapid,  haemoglobin 
may  separate  from  the  cells,  dissolve  in  the  plasma  (haemoglobinaemia), 
and  may  then  be  excreted  unchanged  in  the  urine  (haemoglobinuria). 
Such  destruction  occasionally  follows  chilling  of  the  extremities  after 
exposure  to  cold  in  persons  suffering  from  a  disease  known  as  paroxys- 
mal haemoglobinuria.* 

The  gradual  and  more  common  form  of  destruction  of  red  cells  is 
attended  with  an  alteration  of  the  haemoglobin,  effected  chiefly  in  the 
liver,  and  with  its  deposit  in  the  endothelial  and  glandular  cells  of  vari- 
ous organs,  especially  in  the  liver,  spleen,  kidneys,  bone  marrow,  and 
secondarily  in  any  of  the  tissues. 

A  part  of  the  altered  haemoglobin  is  to  be  found  in  the  form  of  pig- 
ment granules,  or  as  a  diffuse  deposit,  in  the  cells  of  the  above-named 
organs,  where  its  content  of  iron  may  or  may  not  be  demonstrable  by 

1  For  a  full  review  of  the  subject  of  polycythemia,  erythremia,  and  plethora,  see  paper  by  F.  P. 
Weber,  Quart.  Jour.  Med..  1908,  ii..  85. 

*  For  an  interrating  study  of  the  conditions  underlying  the  hemolysis  which  occurs  in  paroxysmal 
hemoglobinuria  see  Donath  and  Landateiner,  Zeit.  f.  klin.  Med.,  Bd.  Iviii.,  1906,  p.  173. 
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microchemical  tests  (hoemosiderin) .  Another  product  of  the  haemoglo- 
bin, not  containing  iron,  may  be  found  in  the  same  situations,  in  the 
forms  of  granules  or  crystals  (hcematoidin) .  Finally,  the  derivatives  of 
haemoglobin  are  excreted  largely  in  the  form  of  normal  or  pathological 
urinary  pigment.  The  remaining  fragments  and  stroma  of  the  red  cells 
are  soon  removed  from  the  circulation  largely  by  leucocytes,  and  partly 
by  endothelial  cells  and  giant  cells,  in  the  liver,  spleen,  and  marrow. 

Defective  h^matogenesis  must  be  regarded  as  an  important  factor 
in  the  production  of  such  anaemias  as  are  associated  with  pathological 
changes  in  the  bone  marrow  (pernicious  anaemia) ,  and  in  the  lymph-nodes 
spleen,  and  liver  (leukaemia).  This,  too,  is  probably  the  chief  cause  of  the 
persistence  of  an  anaemia  following  prolonged  malnutrition  (secondary 
anaemia).  The  pathological  changes  in  the  blood-producing  organs  may 
sometimes  arise  as  primary  diseases  of  these  organs,  or  similar  changes 
may  be  secondary  to  excessive  demands  for  the  regeneration  of  the  blood. 
In  mild  grades  of  anaemia  the  regeneration  of  the  blood  is  attended  with 
an  hyperplasia  of  the  red  marrow,  which  replaces  the  yellow  marrow  of 
the  long  bones.  The  chief  defect  in  the  production  of  red  cells  may  then 
be  a  deficiency  in  haemoglobin  (chlorosis).  In  severe  and  prolonged 
anaemia,  under  the  influence  of  toxic  agents  in  the  blood,  the  reproduction 
of  cells  may  be  insuflScient,  and  these  new  cells  may  be  more  susceptible 
to  the  action  of  the  toxic  agent,  which  is  itself  the  cause  of  their  structural 
defects.  In  such  cases  the  normoblasts  of  the  marrow  may  be  produced 
in  very  large  numbers  and  form  red  cells  of  normal  or  slightly  diminished 
siee,  or  they  may  be  replaced  by  very  large  nucleated  red  cells  {megalo- 
blasts) ;  from  these  are  developed  very  large  red  cells  which  are  compara- 
tively incapable  of  the  functions  of  the  normal  cell.  The  megaloblastic 
form  of  regeneration  is  confined  to  the  anaemia  of  a  pernicious  type,  with 
the  exception  of  the  form  due  to  the  Bothriocephalus  latus  or  that 
following  the  prolonged  action  of  certain  organic  poisons  such  as  nitro- 
benzol. 


Alterations  in  Morphology  of  the  Red  Blood  Cells. 

In  mild  forms  of  anaemia  the  red  cells  are  deficient  in  haemoglobin,  the 
blood  may  be  pale  or  watery  in  appearance,  and  the  cells  appear  in  the 
fresh  condition  as  very  pale  discs  or  as  slightly  refractive  rings  enclosing 
a  nearly  colorless  central  mass.  In  dry  preparations  stained  with  eosin, 
such  cells  may  show  only  a  narrow  red  ring  surrounding  a  central  por- 
tion which  is  entirely  devoid  of  haemoglobin.  In  this  grade  of  anaemia 
there  may  be  noted  moderate  differences  in  size  and  irregularities  in 
shape  of  the  red  cells.  In  severe  anaemia  and  under  a  variety  of  con- 
ditions, as  after  certain  forms  of  poisoning,  extensive  burns,  etc.,  varying 
numbers  of  very  small  red  cells  are  seen,  called  microcytes.  They  are 
spheroidal  or  irregular  in  shape,  may  be  excessively  minute,  and  their 
hamoglobin  is  either  increased,  or  normal,  or  diminished.  Under  similar 
conditions,  a  variety  of  bizarre  forms  of  red  cells  are  found,  called  poiki- 
locytes.     In  certain  forms  of  anaemia  very  large  red  cells  occur  in  consider- 
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i|  able  numbers.     These  cells,  called  megalocytes,  are  derived  from  the  large 

!  nucleated  red  cells  of  the  marrow,  and  their  appearance  in  the  blood 

I  indicates  the  early  onset  or  actual  establishment  of  some  form  of  pro- 

i  gressive  pernicious  anaemia  (see  Plate  II.,  Fig.  4). 

j  Amoeboid  movement  of  megalocytes  has  been  observed  in  specimens 

!-  from  the  blood  of  pernicious  anaemia  examined  on  a  warm  stage.     The 

|;  tendency  of  the  red  cells  to  form  rouleaux  is  much  diminished  or  absent 

Ij  in  very  grave  anaemia. 

I  Not  infrequently  a  loss  of  hsemoglobin  is  associated  with  a  change  in 

I  the  stroma  of  the  cell,  so  that  the  mass  stains  slightly  with  methylene 

I  blue.     To  this  change  the  name  of  anaemic  or  polychromatophilic  degen- 

ji  eration  has  been  given,  and  it  is  thought  to  show  a  more  or  less  com- 

i  plete  coagulation  necrosis  by  which  change  the  protoplasm  of  the  red  cell 

i  becomes  more  basophilic^  in  its  staining  reaction,  though  recent  investi- 

I  gations  have  shown  that  similar  cells  are  present  in  normal  bone  marrow 

J!  and  in  the  blood  of  the  foetus.     It  is  therefore  probable  that  our  staining 

methods  do  not  differentiate  between  a  degenerative  change  in  the  body 
of  the  cell  and  a  condition  expressive  of  physiological  youth.  Normally, 
perhaps,  such  cells  are  retained  in  the  marrow  until  fully  developed  and 
only  appear  in  the  blood  when  excessive  demands  are  made  upon  the 
1  blood-forming  organs. 

I'  Instead  of  a  uniform  absorption  of  the  dye  some  parts  of  the  cell  may 

I  ii  be  condensed  in  the  form  of  small  granules  or  rings  occupying  the  cell 

■  body  and  staining  more  deeply  with  methylene  blue  than  do  normal 

r  cells  (granular  degeneration). 

I  It  should  be  remembered  that  during  the  manipulations  required  in 

making  dried  specimens  the  red  cells  may  suffer  a  variety  of  artificial 
changes,  many  of  which  are  very  confusing. 
,  :  Nucleated  red  blood  cells  are  found  in  the  blood  in  all  forms  of  anaemia, 

1  I  and  their  appearance  indicates  regenerative  activity  on  the  part  of  the 

j  I  blood-producing  organs.     Their  presence  in  the  blood  in  large  numbers, 

j  though  at  all  periods  of  extra-uterine  life  abnormal,  has  been  regarded 

i  as  of  favorable  import  in  disease.     Within  a  few  hours  after  severe 

haemorrhage  nucleated  red  cells  may  be  noted  in  considerable  numbers.' 
^  During  the  regeneration  of  the  blood  in  anaemia,  the  occurrence  of  nucle- 

J  ,  ated  red  cells  is  nearly  constant,  but  subject  to  rather  sudden  periodical 

I  i  variations  sometimes  called  "  blood  crises."     In  favorable  cases  of  anaemia 

vi  nucleated  red  cells  of  normal  size  only  {normoblasts)   (Plate  II.,  Figs. 

'  2  and  3)  are  seen,  whose  compact,  darkly  staining  nuclei  may  be  found 

I  i  either  in  the  centre  of  the  cell  or  slightly  protruding  from  the  periphery; 

j  or,  nuclei  apparently  quite  extruded  from  the  cell  may  be  found  free  in 

\  the  plasma. 

}  In  severe  anaemia  attended  with  an  abnormal  type  of  blood  formation, 

I   '  ^  It  ia  convenient  to  classify  the  dyes  used  in  staining  into  the  acid,  the  neutral,  and  the  basic,  and 

\   \  to  designate  cells,  in  accordance  with  the  relative  persistency  with  which  they  hold  these  dyes,  as  acido- 

phile,  neutrophile,  or  basophile. 

'  The  appearance  of  nucleated  red  cells  and  abnormal  forms  has  been  frequently  noted  in  those  who 
have  recently  arrived  in  mountainous  regions,  the  probable  explanation  being  that  the  lowered  ox3^ 
gen  tension  of  the  rarefied  air  demands  a  larger  amount  of  hiemoglobin  to  supply  the  wants  of  tiie  tissues, 
with  the  result  that  for  a  short  time  immature  red  cells  are  set  free  from  the  bone-marrow. 
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very  large  nucleated  red  cells  {megaloblasts)  (Plate  : 
in  varying  numbers.  The  protoplasm  of  these  eel 
excess  of  haemoglobin,  but  frequently  the  purple  sti 
combinstion  of  the  eosin  and  methylene  blue  indicat 
of  hfemoglobin,  or  very  fine  basophile  granules  ma 
by  treatment  with  methylene  blue.  The  nuclei  of 
may  be  single  and  compact,  or  a  single  large  nucleus  i 
direct  division,  or  in  extremely  large  cells  {gigantoblai 
present  phases  of  mitosis. 

the  white  blood  cells. 

The  Leucocytes  op  Normal  Bloo 

The  leucocytes  of  normal  blood  may  be  classified 
place  of  origin,  or  by  the  character  of  their  nuclei,  ■ 
of  the  granules  in  their  protoplasm  to  certain  dyes, 
able  classification  is  that  based  both  upon  the  charai 
and  upon  the  reaction  of  the  protoplasm  to  dyes,  acct 
may  distinguish  in  normal  blood  the  following  forms  (s< 

1.  Lymphocytes,  small  leucocytes  of  about  the  s 
larger,  with  a  single,  compact,  deeply  staining  nucleu: 
thin  rim  of  homogeneous  protoplasm.  The  cell  bod; 
a  stronger  basophilic  reaction  than  the  nucleus,  so  th 
methylene  blue  the  nucleus  shows  as  a  pale  spot  in  the 
ring  of  the  cell  body.  This  ring  is  often  ragged  in  il 
show  distinct  projections  which  are  sometimes  cast 
lating  blood.  Large  and  small  lymphocytes  may 
(Platen.,  Fig.  5). 

When  deeply  stained  with  a  methylene  azure-i 
bodies  of  a  certain  number  of  the  lymphocytes  show 
of  so-called  azure  granules.  These  granules  are  usuali 
lymphocytes  from  normal  blood.     They  have  been  va 

(a)  as  granules  of  the  same  specific  quality  as  those  i 

(b)  as  secretory  products  of  the  cell  protoplasm  occur 
erative  changes,  and,  finally,  (c)  as  very  small  nuclear 
in  the  protoplasm  of  the  cell.  The  last  view  Is  strc 
morphological  appearances  in  the  cells. 

2.  Large  mononuclear  leucocytes,  with  a  single,  coi 
rather  faintly  staining  nucleus,  and  a  relatively  large 
plasm  which  stains  much  less  strongly  than  the  nucli 
Ehrlich,  these  cells  represent  a  type  different  from  tht 
it  is  often  difficult  to  make  such  a  distinction  on  a  m 
At  the  present  time  they  are  usually  classed  as  belong 
large  lymphocytes,  though  some  observers  consider  t 
of  the  myelocytes.     They  may  contain  azure  granule! 

3.  Transltioiul  leucocytes,  of  the  same  size  as  n 
mononuclear   leucocytes,    with    a   compact   or   vesic 


Description  of  Plate  II. 


All  the  Specimens  are  Stained  with  Eosin  and  Methylene -azure. 

Fia.  1.  Normal  Blood. — The  red  cells  are  nearly  uniform  in  size  and  shape.  The  fasmoclpbiD 
is  fairly  evenly  distributed,  but  is  sUshtly  more  dense  near  the  periphery  than  at  the  coitre,  espedalty 
in  those  oells  which  have  dried  slowKr.  In  rapidly  dried  red  cells  the  stain  is  even  throu^Khout.  To 
the  left  is  a  lymphocyte  with  reddish,  deeply  stamed  nucleus  and  a  pale  bluish  cell  body,  which  is 
narrow  in  proportion  to  the  size  of  the  nucleus.  To  the  right  is  a  small  lymphocyte,  smaller  than  the 
red  cells  wnicn  surround  it,  with  a  deeply  stained  nucleus  and  a  narrow  cell  body  from  which  projects 
a  small  mass  of  protoplasm.  At  the  upper  portion  of  the  figure  is  a  larjge  oval  cell  which  correspoDds 
to  the  large  mononuclear  cell  of  Ehrlich,  but  considered  by  many  equivalent  to  a  lane  lymphocvte. 
In  the  centre  of  the  drawing  is  a  cell  with  a  lobed  nucleus  and  purplish  granules  by  which  tiiis  basophik 
cell  is  distinguished  from  the  neutrophile  just  below  it  and  from  the  eosinophile  in  the  right  lower 
quadrant.  Two  neutrophile  cells  are  shown,  one  with  abundant  fine  granules,  the  other  showing  a 
smaller  number;  both  types  being  abundantly  present  in  normal  blood.  To  the  ri^ht  is  a  small  cluster 
of  blood-plates,  some  of  which  snow  darker  staining  masses  near  the  centre  which  are  presumed  by 
some  observers  to  be  nuclear  remains,  by  others  to  be  fragments  of  hemoglobin.  The  eosinophiw 
cell  in  the  lower  right-hand  quadrant  is  distinguished  from  the  neutrophile  oy  the  coarsenese  of  its 
granules,  which  are  shot-like  and  quite  regular  in  form,  though  not  all  the  granules  are  of  the  same  site. 
They  often  take  a  much  more  brilliant  red  color  than  the  neutrophiles. 

Fio.  2.  Chlorosis. — ^The  blood  was  obtained  from  a  young  woman  of  twenty-two  years,  who 
had  3,000^000  red  cells  and  30  per  cent,  of  hemoglobin.  The  red  cells  are  about  of  the  same  size 
as  those  in  normal  blood,  but  snow  a  greatly  diminished  amount  of  hemoglobin  to  the  individual 
cell,  as  evidenced  by  the  much  fainter  staining  of  a  number  of  cells  in  the  plate  which  appear  meretf 
as  remnants.  Some  of  the  cells  have  assumed  irregular  shapes  and  are  kiiown  as  (wikitocytes.  In 
the  left  upper  quadrant  are  Uiree  forms  which  may  be  considered  as  pathological  in  circulating  blood. 
Below,  to  the  left,  is  a  purplish  red  cell  rather  deeply  stained,  showing  polychromatophilia.  To 
the  right  of  this  cell  and  separated  from  it  by  a  nucleated  red  cell  of  normoblastic  type  is  a  oeU  showing 
granular  degeneration. 

Fio.  3.  Secgndart  Anjbmia. — ^The  blood  was  obtained  from  a  case  of  carcinoma  of  the  stomach 
in  which  the  red  cells  were  reduced  to  1,500.000;  the  hsemoglobin  was  25  per  cent.:  the  leuoocvtes, 
30,000.  The  changes  in  the  red  cells  are  much  the  same  as  those  noted  in  the  chloiotic  plate,  llieiv 
is  marked  dimiiiution  of  the  haemoglobin  of  the  red  cells  with  poikilocytosis  and  also  granular  degenera- 
tion and  polychromatophilia.  Two  nucleated  red  cells  are  present,  one  in  the  upper  right,  the  other 
in  the  lower  left-hand  quadrant.  Both  show  degenerative  changes  in  the  nuclei,  which  should  not  be 
mistaken  for  mitotic  figures.  In  secondary  anemia  of  thk  type  the  polynudear  neutrophiles  are  nota- 
bly increased. 

Fio.  4.  Pernicious  Anjbmia. — ^The  blood  was  obtained  from  a  case  showing  400.000  red  eeDs,  10 
T  cent,  of  hemoglobin,  and  3,000  leucocytes.  The  strikinjc  features  of  t^e  bkx»d  in  this  disease  are 
he  marked  alterations  in  size,  shape,  and  staining  properties  of  the  red  cells.  The  leucocytes  are 
usually  diminished  in  number  and  show  no  characteristic  changes,  with  the  exception  of  a  relatrre 
increase  in  the  lymphocytes.  The  various  types  of  deformation  of  the  red  cells  are  very  well  noted  in 
ttie  various  poikilocytes  in  the  sketch,  some  of  which  contain  laige  quantities  of  hemoglobin,  others 
a  diminished  amount.  In  the  red  cells  approachng  more  neariy  to  ^e  normal  form  it  will  be  imme- 
diately noted  that  the  amount  of  hemoglobin  present  as  evidenced  by  the  depth  of  stain  is  relatively 
large.  The  cell  in  the  centre  of  the  field,  for  example,  stains  a  great  deal  more  deeply  than  any  normal 
cell.  These  deeply  staining  cells  are  also  very  laige  and  often  of  peculiar  oval  and  irre^lar  form. 
The  so-called  megaloblasts  are  abundantly  present  in  the  blood  of  pernicious  anemia,  m  contrast 
to  the  microcytic  type  of  cell  usually  found  in  the  secondary  anemias  and  in  chlorosis.  ^  It  is  this 
macrocytosis  with  the  consequent  increase  in  the  hemoglobin  cont^it  of  each  cell  that  gives  rise  to 
the  high  relative  hemoglobin  index  of  the  blood  of  pernicious  anemia.  A  normal-sized  cell  showing 
marked  polychromatophilia  is  seen  above;  a  macrocyte  with  gnranular  degeneration  is  seen  below  it, 
and  a  normal-sized  red  cell  with  nucleus,  or  normoblast.  In  the  lower  left  quadrant  is  a  large  er3rthro- 
eyte  with  a  large  nucleus  with  fine  chromatin  network.  The  cell  body  takes  on  a  combination  of  the 
blue  and  pink  of  the  stain;  in  other  words  is  polychromatophilic.  Below  it  is  a  normal  lymphocyte. 
In  tjie  lower  right  quadrant  are  two  other  megaloblasts  showing  a  slightly  different  morphology  and 
with  an  orthochromatic  protoplasm:  that  is,  the  cell  body  takes  the  eosin  alone.  The  upper  cell  shows 
a  dense  nucleus  with  thick  strands  of  chromatin  forming  a  network.  In  the  lower  the  chromatin  shows 
no  structure. 

Fig.  5.  Chronic  Lymphatic  LEUKiB&UA. — The  blood  of  this  case  showed  3,500,000  red  celb, 
160,000  leucocytes,  and  50  per  cent,  of  hemoglobin.  Of  the  leucocytes  95  per  cent,  were  lymphocytes. 
It  will  be  noted  from  the  drawing  that  the  red  cells  are  practically  normal  in  size  and  shape.  The 
abundance  and  variety  of  the  lymphocytes  will  be  noted  unmediatebr.  In  the  upper  right  quadrant 
is  a  sintcle  normoblast;  in  the  lower  right  quadrant  of  the  upper  part  is  a  washed-out  ceU  with  irregu- 
lar outline  which  is  a  degenerated  lymphocyte.  In  the  acute  forms  of  lymphatic  leukemia  these  c^b 
become  exceedingly  abundant. 

Fig.  6.  Mtelooenous  Lbuiubmia. — ^The  blood  of  this  case  showed  1,000,000  red  cells,  20  per 
cent,  hemoglobin,  and  1,200,000  leucocvtes,  the  exact  proportions  of  which  could  not  be  determined 
on  account  of  the  large  number  of  irregular  and  degenerated  forms,  but  myelocytes  and  basophOes  were 
very  abundant.  In  the  upper  left  quadrant  can  be  seen  an  eosinophile  myelocyte  with  a  single  oval 
nucleus  and  large  shot-like  granules.  Below  it  are  a  normoblast  with  granular  degeneration  of  the 
protoplasm  and  a  polvmorphonuclear  neutroohile  with  fine  granules.  In  the  lower  left  quadrant  can 
be  seen  a  large  degenerated  neutrophile  mvelocyte  in  which  the  granules  have  become  scattered  over 
the  slide  in  the  process  of  spreading  the  blood.  To  the  right  and  below  the  centre  are  a  normoblast 
with  clover-leaf  nucleus,  a  polvmorphonuclear  neutrophile  and  a  lymphocyte,  and  above  an  eosinophile 
mvelocyte.  In  the  upper  right  quadrant,  beginning  at  the  left,  can  be  seen  a  small  basophile  cell  with 
faintly  staining  nucleus,  to  the  right  two  myeloc>'tes,  one  with  deeply  staining  nucleus,  the  other 
somewhat  faint/»r.  both  containing  neutrophile  granules.  To  the  right  a  normoblast  with  pyknotie 
nucleus,  and  still  farther  to  the  right  a  so-called  basket-cell  or  degenerated  leucocyte. 
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incurved  nucleus,  and  a  considerable  mass  of  protoplasm,  in  which  fine 
neutrophile  granules  can  occasionally  be  demonstrated. 

4.  Poljrnuclear  neutrophile  leucocytes,  of  the  same  size  as  the  trans- 
itional leucocytes,  with  a  partially  or  completely  divided  nucleus,  of 
which  the  separate  portions  are  either  compact  or  vesicular,  deeply  or 
faintly  staining,  and  with  considerable  protoplasm  in  which  distinct 
grani:des  may  be  demonstrated  by  the  neutral  dyes. 

5.  Eosinophile  cells,  of  the  same  characters  as  the  ordinary  poly- 
nuclear  leucocytes,  but  containing  in  their  bodies  large  refractive  gran- 
ules, which  stain  deeply  with  so-called  acid  dyes  such  as  eosin. 

6.  Basophile  cells,  of  about  the  same  size  as  the  pol5aiuclear  cells, 
but  containing  coarse  granulations  stained  only  by  basic  dyes  such  as 
methylene  blue.  The  nucleus  is  small,  stains  feebly,  and  is  usually 
lobular.     It  is  often  covered  very  largely  by  the  granulations. 

These  various  forms  of  leucocytes  occur  in  normal  blood  in  the  fol- 
lowing proportions,  which  represent  averages  only  and  are  subject  to 
considerable  variations: 

Polynuclear  neutrophile  leucocytes 60  to  72  per  cent. 

Large  mononuclear  and  transition  forms 2  to    4  per  cent. 

Lymphocytes    22  to  35  per  cent. 

Eosinophiles   2  to    4  per  cent. 

Basophile  cells  less  than 0.5  per  cent. 

In  the  normal  blood  of  young  children  the  relative  proportion  of 
mononuclear  cells  is  considerably  greater  than  in  that  of  adults.^ 

The  numbers  and  proportions  of  the  polynuclear  leucocytes  are  in 
disease  subject  to  very  wide  variations,  and  abnormal  forms  of  the 
white  cells  frequently  make  their  appearance  in  the  blood. 


The  Leucocytes  of  Abnormal  Blood. 

1.  Myelocjrtes. — In  many  diseases,  especially  the  leukaemias  but  also  in 
acute  infections,  large  mononuclear  cells  make  their  appearance  in  the 
blood.  They  measure  from  15  to  20  ^  in  diameter.  (Plate  II.,  Fig.  6.) 
Three  types  may  be  differentiated  by  the  tinctorial  relations  of  their  gran- 
ules: neutrophilic,  eosinophilic,  and  basophilic.  The  nucleus  is  usually 
pale,  and  oval  or  round,  and  lies  to  one  side  of  the  cell.  The  protoplasm 
is  generally  fairly  abundant.  The  neutrophile  myelocytes  contain  large 
numbers  of  fine  neutrophile  granules  which,  however,  often  show  a  baso- 
philic habit  when  compared  with  the  neutrophile  granules  of  normal 
blood. 

Eosinophile  myelocytes  are  of  much  the  same  type,  but  are  easily 
differentiated  by  the  large  size  of  the  granules.  The  cells  are  very  easily 
destroyed  in  the  process  of  making  smears,  and  the  granules  may  be 
scattered  to  a  considerable  distance  from  the  nucleus. 

Basophile  myelocytes  are  quite  rare,  are  usually  smaller  than  the 
other  two  types,  and  contain  large  numbers  of  irregularly  shaped  baso- 
phile granules. 

*  See  for  recent  study,  ScMosst  Archivea  of  Int.  Med.,  1911,  vi.,  638. 
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All  these  types  of  cells  arise  normally  from  the  bone  marrow  and  can 
be  found  in  smears  from  this  organ.  In  advanced  leuksBmias  it  is  probable 
that  the  liver  and  spleen  assume  to  a  certain  extent  their  embryonic 
function  and  act  as  centres  for  the  production  of  these  cells. 

Myelocytes  are  found  in  the  blood  chiefly  in  leukaemias,  but  the  neutro- 
phile  form  occasionally  appears  in  severe  infectious  diseases  and  in 
primary  or  secondary  tumors  of  the  bone  marrow.  Eosinophile  myelo- 
cytes have  been  very  rarely  seen  in  high  eosinophilia  due  to  the  presence 
of  parasites  in  the  body. 

2.  Large  Lymphocjrtes. — While  cells  of  a  lymphocytic  type  appear  in 
normal  blood  in  moderate  numbers,  a  very  large  cell  giving  the  same 
staining  reactions  also  occurs  in  acute  lymphatic  leukaemia.  Until 
recently  these  cells  were  considered  as  unquestionably  large  types  of 
l3rmphocytes;  but  the  demonstration  of  proteolytic  and  lipolytic  fer- 
ments by  Longcope^  and  of  oxidases  by  Schultze'  suggests  that  the  cells 
belong  to  the  bone-marrow  group,  and  not  to  the  true  l)anphocytes  which 
do  not  give  these  reactions.  A  further  discussion  of  this  question  will  be 
found  under  acute  lymphatic  leukaemia  (p.  465). 

3.  Plasma  Cells. — In  severe  anaemias  and  leukaemias  and  in  certain 
of  the  infectious  diseases,  large  cells  measuring  6  to  15  /£,  with  a  single 
pale  nucleus  and  a  cell  body  staining  very  deeply  with  methylene  blue, 
appear  in  the  circulation.  The  cell  body  shows  a  definite  spongy  struc- 
ture. These  were  named  by  Tiirk*  "irritation  forms."  It  has  been 
shown  that  these  cells  have  many  tinctorial  relations  with  the  cells  seen 
in  large  numbers  in  chronic  inflammations  occurring  in  connective  tissue, 
and  though  there  are  slight  morphological  differences  between  the  two 
forms  yet  these  blood  cells  are  usually  considered  as  of  the  plasma-cell 
group. 

4.  Myeloblasts. — In  myelogenous  leukaemia  and  also  in  tjrphoid  fever, 
large  cells  resembling  myelocytes  appear  in  the  circulation,  but  they 
contain  no  characteristic  granules  stainable  either  with  the  Jenner  or 
with  one  of  the  azure  stains.  They  can  be  differentiated  from  the  large 
mononuclears  by  the  fact  that  the  nucleus  is  very  rich  in  chromatin  and 
shows  large  nucleoli.  The  protoplasm  also  is  more  basophilic  than  that 
of  the  large  l3rmphocytes.  These  cells  have  been  named  myeloblasts  by 
Naegeli. 

Leucocytosis. 

Leucocytosis  is  that  condition  of  the  blood  in  which  the  leucocytes 
are  temporarily  or  persistently  increased  in  number.  WTien  several 
forms  of  leucocytes  are  increased  in  number  and  the  usual  proportions 
are  but  partially  disturbed,  we  speak  of  mixed  leucocytosis.  Such  a  con- 
dition is  seen  in  some  forms  of  anaemia.  When  the  polynuclear  neutro- 
phile  leucocytes  alone  are  increased,  the  condition  is  termed  polynucUar 
leiccocytosiSj  or  simply  leiicocytosis.     If  the  mononuclear  cells  are  chiefly 

1  Lonocope  and  Donhauaer,  Jour.  Exper.  Med.,  1908,  x.,  618. 

*  SchvUze,  MOncben.  mod.  Wchnschr..  1909,  Ivi.,  167. 

*  Tikrk^  Vorlesungen  Qber  klinische  H&matologie.,  Wien,  1904. 
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affected,  the  condition  may  be  denoted  as  lymphocytosis.  The  eosino- 
phile  cells  alone  may  be  increased. 

Poly  nuclear  leucocytosis  may  be  either  physiological  or  pathological. 

Physiological  polynuclear  leucocytosis  is  seen  during  normal  digestion, 
in  the  later  months  of  pregnancy,  and  in  the  first  days  of  infancy,  and 
is  usually  of  moderate  grade. 

Pathological  poljrnuclear  leucocjrtosis  occurs  in  many  inflammatory 
and  infectious  diseases,  and  accompanies  the  various  cachexias.  Of  the 
infectious  diseases  attended  with  leucocytosis  may  be  mentioned  pneu- 
monia, diphtheria,  scarlet  fever,  erysipelas,  rheumatism,  suppurative 
cerebro-spinal  meningitis,  and  any  disease  associated  with  a  pronounced 
exudative  or  suppurative  lesion.  On  the  other  hand,  leucocytosis  is 
absent  in  uncomplicated  typhoid  fever,  typhus,  malaria,  measles,  and 
tuberculosis. 

The  origin  and  significance  of  the  leucocytosis  of  infectious  diseases 
are  imperfectly  understood,  but  may  be  partially  explained  by  the  princi- 
ples of  chemotaxis  and  phagocytosis.  From  experimental  evidence  and 
clinical  observation  it  is  known  that  during  the  onset  of  some  infectious 
diseases  the  entrance  of  bacteria  or  their  products  into  the  blood  is  fol- 
lowed by  a  disappearance  from  the  circulation  of  many  pol5aiuclear  leu- 
cocytes, which  are  removed  from  the  larger  vessels  and  lodged  in  the 
capillaries,  principally  in  the  lungs  and  liver.  This  condition  of  the 
blood,  called  hypoleiicoq/tosis,  may  be  attended  with  a  transient  reduc- 
tion in  temperature  and  weakening  of  the  heart's  action,  and  is  usually 
succeeded  shortly  by  the  reappearance  of  polynuclear  leucocytes  in 
large  numbers,  and  by  a  rise  of  temperature.  These  leucocytes  are  apt 
to  gather  in  regions  in  which  micro-organisms  are  abundant,  and  are 
believed  to  take  up  and  destroy  micro-organisms  (phagocytosis) ,  and  to 
prevent  their  further  entrance,  and  possibly  the  entrance  of  their  prod- 
ucts also,  into  the  circulation.  Of  the  place  and  method  of  origin  of 
these  new  leucocytes  very  little  is  definitely  known. 

In  many  very  severe  cases  of  infectious  disease,  such  as  pneumonia, 
diphtheria,  and  peritonitis,  the  initial  hypoleucocytosis  persists,  in  which 
event  the  disease  usually  runs  an  asthenic  and  fatal  course,  with  a  ten- 
dency to  low  temperature  and  feeble  pulse. 

When  leucocytosis  is  established,  the  grade  varies  frequently  with  the 
extent  of  the  local  lesion  and  the  height  of  the  fever  associated  with 
the  infectious  process,  and  disappears  with,  or  soon  after,  the  decline  of 
the  disease.  In  general,  according  to  our  present  knowledge,  the  leu- 
cocjrtosis  of  infectious  diseases  may  be  regarded  as  the  effort  of  the 
blood-producing  organs  to  protect  the  blood  and  tissues  by  means  of 
leucocjrtes  against  the  invasion  of  micro-organisms  and  against  the  action 
of  toxins  present  in  the  circulation. 

The  blood  in  typhoid  fever  presents  a  peculiar  variation  from  that  in 
most  infectious  diseases.  In  the  first  weeks  of  the  disease  there  is  usu- 
ally a  reduction  in  the  number  of  leucocytes,  especially  of  the  polynu- 
clear forms.  In  the  later  weeks  the  lymphocytes  may  form  80  per 
cent,  of  the  leucocytes  present  in  the  blood.     Each  relapse  is  attended 
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with  an  increase  of  the  lymphocytosis,  while  an  increase  of  polynuclear 
leucocytes  usually  occurs  with  complications  only. 

In  the  various  forms  of  tuberculosis  there  is  no  leucocytosis  unless 
the  lesion  is  markedly  exudative  in  character,  as  in  tuberculous  menin- 
gitis, or  is  complicated  by  suppuration  or  chronic  anaemia.  In  pulmonary 
tuberculosis  with  secondary  infection  by  pyogenic  cocci,  leucocytosis 
is  apt  to  develop. 

Cachectic  leucocjrtosis  is  a  feature  of  altered  conditions  of  the  blood, 
such  as  are  associated  with  the  growth  of  malignant  tumors,  and  with 
many  diseases  producing  secondary  anaemia.  This  increase  of  poly- 
nuclear leucocytes  may  serve  to  distinguish  many  forms  of  secondary 
from  primary  anaemia.  The  inflammation  and  toxaemia  accompanjing 
many  new  growths  afford  a  suflBcient  reason  for  the  appearance  of 
cachectic  leucocytosis,  but  under  many  other  circumstances  its  direct 
cause  is  less  apparent.^ 

Hjrpoleucocytosis  occurs  not  only  in  infectious  diseases,  when  the 
polynuclear  cells  alone  are  reduced  in  numbers,  but  also  from  shock, 
reduction  of  body  temperature,  and  exhaustion,  when  all  forms  of  leuco- 
cytes may  be  diminished.  It  is  a  fairly  constant  feature  of  primary 
pernicious  anaemia.^ 

Polynuclear  Eosinophiie  Leucocytosis  is  found  in  a  number  of  unre- 
lated conditions.  In  bronchial  asthma  the  eosinophiie  cells  are  con- 
siderably increased,  often  forming  10  to  20  per  cent,  of  the  total 
white  cells.  A  considerable  increase  is  seen  in  scarlatina.  In  acute 
and  chronic  diseases  of  the  skin,  such  as  pemphigus,  prurigo,  and  psori- 
asis, the  eosinophiles  are  often  increased  to  a  marked  degree,  but  the 
condition  is  not  constant.  In  trichinosis  and  helminthiasis  the  increase 
is  so  constant  that  it  becomes  of  diagnostic  value  in  these  conditions. 
A  post-febrile  eosinophilia  is  frequently  observed. 

Lymphocjrtosis,  frequently  seen  in  the  anaemias,  in  pertussis,  and  the 
acute  intestinal  disorders  of  childhood,  has  also  been  noted  in  some 
forms  of  secondary  anaemia  (syphilis) ,  and  in  an  extreme  degree  as  the 
chief  characteristic  of  the  blood  of  lymphatic  leukaemia.  It  is  also  quite 
frequent  in  exophthalmic  goitre. 

Degenerative  Changes  in  the  Leucocjrtes  are  usually  indicated  by 
variations  in  the  percentage  of  normal  and  abnormal  varieties,  rather 
than  by  alterations  in  the  individual  cells,  for  degenerating  leucocytes 
are  usually  quickly  removed  from  the  circulation.  Occasionally,  how- 
ever, there  may  be  seen  in  normal  blood  a  cell  in  which  the  nuclear 
chromatin  has  entirely  lost  its  power  to  take  the  stain;  and  these  degener- 
ating or  basket  cells  are  sometimes  very  abundant  in  the  leukaemias. 
Staining  reactions  of  the  various  granules,  by  which  degenerative  changes 
may  be  recognized,  have  not  yet  been  devised.  In  leukaemia,  pernicious 
anaemia,  and  diphtheria,  a  diminished  reaction  to  nuclear  dyes  has  been 
observed.     In  leukaemia,   and   in   the  severe  infectious   diseases,  the 

^  For  further  data  coQceminK  leucocytosis  consult  Rieder^  "Bietrftge  sur  Kenntniss  d.  LeukocytoM,** 
Leipsic.  1892;  Turk,  "Klin.  Utereuchungen  u.  d.  Verhalten  d.  Blutes."  etc.,  Wien,  1898. 

<  For  hypoleucocytosis  consult  Lowil,  "  Studien  uber  Phjrsiol.  und  PathoL  d.  Blutes  u.  d.  Lsrmpbe,** 
Jena,  1892;  Eunng,  "Toxic  Hypoleucocytosis,"  New  York  Medical  Journal.  voL  bci.,  p.  257, 1895. 
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leucocytes  may  be  extremely  cohesive,  and  it  is  believed  that  a  large 
quantity  of  bacteria  or  toxins  in  the  circulation  may  even  effect  a  com- 
plete solution  and  destruction  of  leucocytes  (leucocytolysis) .  Fatty 
and  glycogenic  degeneration  of  leucocytes  has  been  demonstrated. 

Blood  Plates. — These  are  small  spherical  or  oval  transparent  bodies 
which  appear  in  the  blood  plasma  in  large  numbers.  They  measure 
from  2  to  3.5  fi  in  diameter,  though  occasionally  in  pneumonia  and 
suppurative  conditions  very  large  plates  may  be  found  measuring  up  to 
5  or  6  /(.  Structurally  they  are  composed  of  a  peripheral  hyaline  trans- 
parent layer  with  a  granular  central  mass  which  is  not  sharply  outlined. 
This  granular  mass  takes  a  faint  color  with  the  ordinary  chromatin  stains; 
the  periphery  is  clear.     In  stained  specimens  it  is  occasionally  possible 


Fio.  27S. — UBOAKABTOcms  Piioii   BoNi  SIabhov.     Showinq  Forhation  of   Blood  PLATBLOia. 


to  find  long  curved  protoplasmic  processes,  simulating  cilia,  given  off 
from  the  periphery  of  the  blood  plate.  Under  suitable  conditions  the 
blood  plates  show  ameboid  motion. 

Their  number  in  the  blood  varies,  the  average  number  is  considered 
as  approximately  200,000  to  250,000.  The  number  of  blood  plates  is 
increased  in  many  anemias,  both  primary  and  secondary,  and  especially 
in  carcinoma.  In  pneumonia,  septic  processes,  and  leukemia  there  is 
also  an  increased  number  of  blood  plates.  A  diminution  of  the  plates  is 
noted  chiefly  in  cases  of  purpura  and  pernicious  anemia. 

The  blood  plates  are  closely  connected  with  the  formation  of  thrombi, 
and  some  of  the  small,  so-called  white  thrombi  are  entirely  composed  of 
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these  bodies.     They  are  also  thought  to  carry   the   blood-coagulating 
ferment,  thrombokinase. 

There  are  a  number  of  theories  concerning  the  origin  of  blood  plates. 
Hayem  considered  them  predecessors  of  the  red  blood  cells.  Others 
regard  them  as  individual  cells,  and  not  as  fragments  of  leucocyt-es  or 
red  cells  as  has  also  been  frequently  suggested.  The  theory  that  they  are 
formed  by  the  extrusion  of  the  nuclear  substance  of  the  red  cells  has  had 
many  adherents.  Wright'  has  recently  offered  very  strong  evidence  that 
blood  plates  are  formed  from  the  megakaryocytes  of  the  bone  marrow. 
These  cells  frequently  show  budding  masses  of  the  same  structure  as 
the  blood  plates  (see  Figs.  278  and  279).     The  hyaline  peripheral  zone 


r  B1.00D  PuTSicn.    ' 


)t  Dr.  J.  H.  Wright. 


of  the  giant  cell  has  the  power  of  amoeboid  motion  and  can  be  observed 
on  the  warm  stage  to  give  out  protoplasmic  processes.  In  addition  the 
blood  plates  are  found  only  in  such  mammalia  as  have  megakaryocjtes 
'in  the  bone  marrow,  and  it  has  also  been  noted  that  blood  plates  appear 
only  in  embryonal  mammalian  blood  at  the  time  when  the  giant  cells 
are  present  in  the  blood-forming  organs. 

METHODS  OF  EXAMDIATIOH  OF  THE  BLOOD. 

The  blood  may  be  examined  fresh  od  the  warm  stage  without  the  addition  ot  any 
fixative,  simply  surrounding  the  cover  with  oil  or  vaaelin  to  prevent  evaporation. 
This  method  is  especially  useful  in  the  examination  of  blood  for  the  plosmodia  malaris. 
For  most  purposes,  however,  the  cells  should  be  treated  the  instant  the  blood  leftVW 
the  vessels  in  such  a  way  as  to  retain  their  normal  form.  This  fixation  may  be  acoom- 
plbhed  by  the  use  of  chemical  agents  {wet  method)  or  by  quick  drying  on  the  wver- 
glass  or  slide  (dry  method). 

'  Wrieil.  Jour.  o(  Morphology.  1810.  iii..  2.     Also  Ogata.  Zie«l«'«  Bat.,  1B12,  lii..  1B2. 
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Wbt  Method. — Among  the  chemical  fixative  agents  are  osmic  a 
of  corrosive  aublimate.  Otmic  acid:  Five  c.c.  of  a  1-per-cent.  solul 
are  mixed  with  10  drops  of  glacial  acetic  acid  in  a  Petri  dish.  Sh 
tubing  are  placed  in  the  dish  to  support  the  slide  which  is  exposed  t 
acids  for  two  minutes.  The  finger  is  then  punctured  and  the  bloo< 
film  upon  the  surface  of  the  slide  which  has  been  exposed  to  the  vs 
then  again'  exposed  to  the  vapor  for  one  minute.  It  is  allowed  to 
times  through  a  film,  washed  for  one  minute  in  a  dilute  solution  of  p 
g&nate  (extemporized  from  a  concentrated  solution  by  diluting  u 
deep  pink),  washed  in  water,  dried,  and  stained  by  any  of  the  ordil 
it  is  not  desirable  to  dry  the  slide  it  may  be  transferred  into  a  very 
carried  up  by  stages  of  10  per  cent,  until  thoroughly  fixed.' 

SiiblimaU  may  be  used  in  the  form  of  Hayem's  solution,  coneis 

Chlorid  of  sodium 1 

Sulphate  of  sodium   6 

Corrosive  sublimate O.i 

Water,  distiUed 200 

The  blood  is  received  directly  into  this  solution,  in  which  it  is  ( 
method  of  fixation  is  especially  to  be  recommended  for  studies  on  thi 
of  blood  cells. 

Another  solution  which  is  highly  recommended'  is  made  up  as  ft 

Mailer's  fluid    9  part 

Formaldehyde,  40  per  cent 1  part 

Distilled  water 10  part 

The  solution  should  always  be  made  up  fresh  and  warmed  to  a 
fixed  blood  is  washed  in  distilled  water  until  all  the  chrome  salts  a^ 
through  graded  alcohols  to  absolute,  transferred  to  absolute  all 
bisulphid  equal  parts,  and  then  to  pure  carbon  bisulphid,  carb' 
paraffin,  and  finally  embedded  in  paraffin.  Thin  sections  can  be 
demonstrate  interesting  phases  of  mitosis  and  other  phenomena  in  1 

None  of  these  methods  of  fixation  in  bulk,  however,  is  as  Si 
Weidenreicb  or  the  dry  smear  methods. 

Drt  Method. — It  has  been  found  that  if  the  freshly  drawn  bl 
prick  be  immediately  dried  on  a  glass  in  a  very  thin  layer,  the  cell  fo 
preserved  and  may  be  exposed  to  the  action  of  staining  agents. 

For  this  purpose  square  cover-glasses  of  medium  siee  should  be 
nitric  acid,  rinsed  in  alcohol  and  ether,  carefully  dried,  and  kep 
A  drop  of  blood  may  be  expressed  by  very  light  pressure  only  from  tt 
ously  cleansed  with  alcohol  and  ether,  and  for  the  best  results  i 
spheroidal  and  about  one-sixteenth  of  an  inch  in  diameter.  One  i 
be  held  in  the  forceps,  or  between  the  fingers  if  thoroughly  dry,  an 
touched  to  the  drop  of  blood.  After  contact  with  the  blood  this  eo\ 
instantly  laid  upon  a  second  glass  so  as  to  cover  all  but  an  eighth  of 
Bide;  and  as  soon  as  the  blood  has  spread  to  the  edges,  the  cover 
quickly  separated  by  sliding  without  pressure  and  dried  in  the  a 
drying  in  the  air.  the  specimens  are  rapidly  dried  high  over  an  i 
fixation  will  be  more  successful,  and  many  artificial  changes  in  th 
avoided. 

Another  method,  more  successful  in  many  hands,  consists  in  i 
with  the  smooth  edge  of  a  glass  slide,  applying  this  edge  with  i 
obliquely  to  a  slide,  and,  when  the  blood  has  spread  along  the  edge 
ing  it  rapidly  across  the  surface  of  the  second  slide. 

For  the  permanent  fixation  of  the  cells  and  to  prevent  their  soluti 
one  of  two  methods  may  be  recommended: 

■  Weidenrtidi.  Folia  hmislalogiB,  1906,  iii.,  1. 

^Schriilde  u.  Na^^i.  HtUnstolociBCbe  Tecbtiik,  Jsoa.  IBIO, 
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1.  Heat  Fixation. — The  specimens  are  heated  in  a  hot-air  bath  or  on  a  copper 
plate,  for  from  five  minutes  to  two  hours  at  a  temperature  of  110°  C.  to  120**  C. 

2.  Chemical  Fixation. — ^The  specimens  are  placed  for  from  one  to  thirty  minutes  in 
strong  methyl  alcohol. 

Various  staining  agents  are  to  be  employed  according  to  the  object  in  view.  The 
triacid  mixture  of  Ehrlich*  gives  an  excellent  stain  for  the  neutrophile  and  eosinophile 
granules,  but  fails  to  show  basophile  granules  or  parasites,  for  which  reason  it  is  being 
supplanted  for  general  work  by  combinations  of  methylene  blue  and  eosin.  The  com- 
position of  the  Ehrlich  stain  is  as  follows: 

Saturated  aqueous  solutions  of 

Orange  G 13  to  14  c.c. 

Acid  f uchsin 6  to    7  c.c. 

Methyl  green 12.5        c.c. 

To  the  mixture  of  these  add 

Water 15  c.c. 

Absolute  alcohol 25  c.c. 

Glycerin 10  c.c. 

The  specimen  should  be  stained  in  this  fluid  for  three  to  five  minutes,  washed  in  dia- 
tilled  water,  dried,  and  mounted  in  dammar  dissolved  in  xylol. 

The  red  cells  are  then  found  stained  orange-yellow,  the  nuclei  dark  green  or  blue, 
the  neutrophile  and  eosinophile  granules  dark  red.  The  mast-cell  granules  are  not 
stained. 

For  general  purposes  a  stain  which  has  been  devised  by  Jenner  bids  fair  to  supplant 
the  older  methods  on  account  of  its  simplicity,  rapidity,  and  ease  of  apphcation.  It 
consists  of  a  half-per-cent.  solution  in  methyl  alcohol  of  a  compound  made  by  mix- 
ing a  1 . 2-per-cent.  aqueous  eosin  and  a  1-per-cent.  aqueous  methylene-blue  solution. 
The  precipitate  which  forms  is  filtered  off,  washed  with  distilled  water,  dried,  and 
dissolved  in  the  methyl  alcohol.  The  blood  smears  are  fixed  and  stained  by  this 
solution  in  from  one  to  three  minutes.  The  red  cells  are  of  a  terra-cotta  color,  the 
nuclei  blue,  the  neutrophile  and  eosinophile  granules  red,  the  mast-cell  granules 
purple;  bacteria,  malarial  organisms,  and  blood  plaques  blue. 

An  extremely  satisfactory  stain  which  not  only  demonstrates  the  important 
morphological  details  of  the  red  and  white  cells,  but  also  gives  a  characteristic  chro- 
matin stain  to  the  malarial  parasite  is  the  following:* 

Five  gm.  of  sodium  bicarbonate,  10  gm.  of  methylene  blue  (B.  X.  or  "medicinally 
pure")  and  1,000  c.c.  of  water  are  heated  in  a  steam  sterilizer  at  100°  C.  for  a  full  hour. 
The  mixture  should  be  contained  in  a  flask  of  such  size  as  to  allow  it  to  form  a  layer 
not  over  6  cm.  deep.  After  cooling  it  is  filtered  to  remove  the  precipitate.  When 
cold  it  should  be  of  a  deep  purple-red-color  when  viewed  in  a  thin  layer  by  transmitted 
yellowish  light. 

To  each  100  c.c.  of  the  filtered  mixture,  500  c.c.  of  a  0. 1-per-cent  aqueous  solution 
of  Griibler's  "yellowish,  water-soluble"  eosin  are  added  and  mixed  thoroughly.  The 
precipitate  which  appears  immediately  is  collected  on  a  filter  and  when  dry  dissolved 
in  methylic  alcohol  (Merck's  reagent)  in  the  proportion  of  0. 1  gm.  to  60  c.c.  of  alcohol, 
rubbing  them  together  in  a  porcelain  dish  or  mortar  to  facilitate  solution.  This  forms 
the  staining  fluid.  It  should  be  kept  in  a  well-stoppered  bottle,  and  if  it  becomes  too 
concentrated  by  evaporation,  may  be  thinned  by  the  addition  of  the  proper  amount 
of  methylic  alcohol.     The  method  of  staining  is  as  follows: 

1 .  Cover  the  film  with  a  noted  quantity  of  the  stain  with  a  medicine  dropper. 

2.  After  one  minute  add  to  the  staining  fluid  on  the  film  an  equal  quantity  of 
distilled  water  by  means  of  the  dropper,  and  allow  the  mixture  to  remain  for  two  or 
three  minutes  according  to  the  intensity  of  the  stain  desired.     Too  long  staining  may 

1  Great  care  must  be  used  in  selecting  these  dye<f.  Those  made  by  GHlbler,  of  Leipsio,  are  reliable. 
It  is  far  better  to  purchase  the  solution  abeady  mixed  as  sold  by  Grubler  under  the  name  of  '•triacid 
mixture  for  neutrophile  granules," 

*  Wright,  Jour.  Am.  Med.  Assn.,  1910,  Iv.,  1979. 
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produce  a  precipitate.     Eosinophilic  granules  are  best  brought  out  by  a  short  staining 
period. 

3.  Wash  the  preparation  in  water  for  thirty  seconds,  or  until  the  thinner  portions 
of  the  film  become  yellow  or  pink. 

4.  Dry  and  mount  in  xylol-dammar. 

Films  more  than  a  few  hours  old  do  not  stain  as  well  as  fresh  ones.* 
For  the  demonstration  oifoi  in  blood  from  a  finger  prick,  cover-glass  preparations 
dried  in  the  air  should  be  fixed  in  formalin  vapor  and  stained  with  Sudan  III  (see 
p.  44).  To  avoid  numerous  sources  of  error,  a  control  preparation  should  be  previously 
placed  in  chloroform  for  twenty-four  hours  to  dissolve  the  fat,  and  two  specimens, 
carried  together  through  the  stain.  In  the  one,  red  fat  droplets  will  be  seen,  which 
should  be  entirely  absent  in  the  other. 


FOREIGN  BODIES  IN  THE  BLOOD. 

Various  bodies  which  do  not  belong  there,  aside  from  those  above 
mentioned,  may  find  access  to  the  vessels  and  mingle  with  the  blood. 
Pus  cells  may  get  into  the  blood  from  the  opening  of  an  abscess  into  a 
vessel  or  from  some  inflammatory  change  in  its  walls.  Desquamated 
endothelial  cells  from  the  vessel  walls,  either  in  a  condition  of  fatty 
degeneration  or  in  various  stages  of  proliferation,  may  be  mingled  with 
the  normal  blood  elements;  also  tumor  cells  of  various  kinds,  fragments 
of  disintegrated  thrombi,  portions  of  heart  valves,  etc.  Crystals  of 
bilirubin  have  been  found  in  the  blood  in  icterus,  and  Charcot-Leyden 
crystals  have  been  seen  post  mortem  in  the  blood  and  bone  marrow  of 
cases  of  leukaemia. 

Fat,  in  a  moderate  amount,  is  a  normal  ingredient  of  the  blood, 
during  digestion  and  in  lactation  it  is  increased.  Under  pathological 
conditions  it  may  occur  in  larger  and  smaller  droplets.  This  lipcemia 
occurs  in  diabetes,  in  drunkards,  in  acute  phosphorous  poisoning,  and  in 
some  cases  of  dyspnoea  from  various  causes.  The  droplets  are  small 
and  liable  to  escape  observation,  but  if  the  blood  is  kept  a  white  layer  of 
fat  collects  on  the  surface  of  the  serum  as  it  separates. 

In  many  cases  of  injury,  particulariy  in  crushing  fractures  of  the 
bone,  the  fat  of  the  marrow  finds  its  way  into  the  blood,  and  it  may  col- 
lect in  large  drops  in  the  vessels  of  the  lungs,  forming  the  so-called  fat 
emboli  (Fig.  9,  p.  30);  or  it  may  pass  the  lungs  and  form  emboli  in  other 
parts,  as  the  brain,  kidneys,  etc.  Fat  embolism  in  eclampsia  is  of 
occasional  occurrence. 

The  fat  may  be  absorbed  from  the  vessels,  having  produced  little  or 
no  disturbance;  or  in  some  cases  it  may  produce  serious  results  by  the 
stoppage  of  a  large  series  of  vessels  in  the  lungs,  brain,  or  other  parts  of 
the  body.' 

Tissues  and  organs  whose  blood-vessels  are  suspected  to  contain  fat  droplets  should 
be  fixed  in  Miiller-formol  or  4  per  cent,  formaldehyde  and  thoroughly  washed  in 
water.  Frozen  sections  are  then  treated  with  a  mixture  of  equal  volumes  of  MOller's 
fluid  and  2  per  cent,  osmic  acid,  or  stained  with  Sudan  III  (see  p.  44).  The  sections 
should  then  be  stained  with  hematoxylin  and  mounted  in  glycerin. 

1  For  other  blood  stains  see  under  Malaria,  page  316. 

*  For  ritumi  of  this  subject,  with  bibliography,  consult  Wdch  in  article  on  Embolism  in  Allbutt's 
"System  of  Medicine,*'  voL  vi,  p.  258. 
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Air,  as  a  result  of  an  opening  in  the  veins,  is  of  occasional  occurrence. 
If  the  amount  of  air  be  small,  it  appears  to  be  readily  absorbed,  and  does 
little  or  no  harm.  If,  on  the  other  hand,  a  large  quantity  is  admitted  to 
the  veins  at  once,  it  collects  on  the  right  side  of  the  heart,  from  which 
the  contractions  of  the  organ  are  unable  to  force  it  in  any  considerable 
quantity,  and,  the  supply  of  blood  being  thus  cut  off  from  the  lungs, 
death  very  quickly  ensues.  The  blocking  of  the  smaller  pulmonary  ves- 
sels and  of  the  vessels  of  the  heart  with  air  bubbles  may  also  hasten 
death.  It  is  especially  from  wounds  of  the  veins  of  the  neck  and  thorax 
that  the  accident  is  most  apt  to  occur.  But  it  may  be  due  to  the  intro- 
duction of  air  into  the  uterine  veins  in  intra-uterine  injection,  or  in  the 
removal  of  tumors.^  One  should  remember  in  this  connection  that 
infection  with  Bacillus  aerogenes  gives  rise  to  gas  bubbles  in  the  blood- 
vessels, as  well  as  in  other  tissues  (see  p.  289)  and  that  gas  may  form  in 
the  blood  in  caisson  disease  (see  p.  11). 

Parasites  and  other  Foreign  Bodies  in  the  Blood. — The  occurrence 
of  animal  and  vegetable  parasites  is  considered  more  in  detail  in  parts  of 
this  book  devoted  to  these  organisms.  It  will  suffice  to  mention  here 
that  the  more  important  of  the  parasites  found  in  the  blood  are:  The 
Plasmodium  malarias,  Trypanosomata,  Filaria  sanguinis  hominis,  the 
embryo  of  Trichina  spiralis,  the  Spirillum  Obermeieri,  and  the  Spirochata 
pallida. 

The  various  forms  of  bacteria  which  may  be  found  in  the  blood  will 
be  considered  in  parts  of  this  book  in  which  these  organisms  are  treated 
in  detail.'     Parenchyma-cell  emboli  are  considered  on  page  29. 

Melanaemia. — In  this  condition  the  blood  contains  larger  and  smaller 
irregular-shaped  particles  or  masses  of  brown  or  black  pigment.  This 
condition  is  most  frequently  the  result  of  intermittent  and  remittent 
fever,  particularly  the  severer  forms.  It  may  be  accompanied  by  an»- 
mia  and  leucocytosis.  It  does  not  occur  in  all  cases  of  the  above-named 
affections.  In  may  be  transient  in  character.  The  pigment  may  be 
free,  or,  more  usually,  enclosed  in  leucocytes.  Under  the  same  con- 
ditions pigment  may  be  deposited  in  the  liver,  spleen,  Ijnnph-nodes, 
bone-marrow,  and  blood-vessels.  Owing  to  the  deposit  of  pigment  in 
the  organs  they  may  assume  a  gray  or  slate  color.  The  pigment  devel- 
oped in  malaria  originates  in  the  decomposition  of  the  haemoglobin  under 
the  influence  of  the  Plasmodium.  Pigment  which  has  been  taken  into 
the  lungs  from  the  air,  such  as  coal  dust,  etc.,  may  find  its  way  into  the 
blood  either  before  or  after  deposition  in  the  bronchial  or  other  lymph- 
nodes,  and  may  be  afterward  deposited  in  the  spleen  and  liver.' 

»  WeUk,  ibid.,  Allbutfs  "  System  of  Medicine,"  vol.  vi,  p.  254. 

'  For  methods  and  results  of  bacterial  studies  of  the  blood,  with  bibliography,  consult  Kahnau, 
Zeit.  f.  Hyg.,  Bd.  xxv.,  p.  492,  1897;  Roaenberger,  Am.  Jour.  Med.  Sci.,  vol.  cxxvi.,  1903,  p.  234;  Canon, 
"Die  Bakteriologie  des  Blutes,"  Jena,  1905;  Lenkartz,  '*Die  Septischen  Erkrankungen,'*  Wien,  1903. 
For  method  of  demonstrating  animal  parasites  see  StdtAli,  MQnch.  med.  Wooh.,  1908,  No.  50. 

*  For  further  details  concerning  changes  in  the  blood  consult  Simon,  "Clinical  Diagnosu,"  4th  ed.; 
EiDing,  "Clinical  Pathology  of  the  Blood,"  1903;  Cabot,  "Clinical  Examination  of  the  Blood."  1904; 
or  Wood,  "Chemical  and  Microscopical  Diagnosis,"  3d  ed.,  1911. 
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General  Diseases  Involving  the  Blood  and  Blood -Forming  Organs.^ 

There  is  a  group  of  diseases  in  which  the  most  striking  lesion  seems 
to  be  an  alteration  in  the  composition  of  the  blood,  although  in  some 
members  of  the  group  other  lesions  are  also  present.  This  group  em- 
braces chlorosis,  secondary  and  pernicious  anaemia,  leukaemia,  and  certain 
closely  related,  but  still  obscure  conditions. 


CHLOROSIS. 

Chlorosis  is  a  disease  of  the  blood  seen  in  women  only  and  attended 
with  a  diminution  in  the  haemoglobin,  and  usually  in  the  number  of  the 
red  blood  cells. 

Of  the  essential  element  in  the  incitement  of  this  disease  and  of  the 
exact  method  of  its  origin  we  are  ignorant.  The  condition  has  been 
attributed  to  congenital  hypoplasia  of  the  heart  and  blood-vessels,  to 
prolonged  malnutrition,  to  intestinal  intoxication,  and  to  functional 
disturbance  of  an  unknown  nature  in  the  blood-producing  organs. 

In  the  mildest  grade  of  chlorosis  the  only  change  to  be  observed  is  a 
slight  diminution  of  haemoglobin.  In  severer  forms  may  be  added  a 
diminution  in  number  and  moderate  variations  in  size  and  shape  of  the 
red  cells.  In  very  severe  and  relapsing  cases  the  haemoglobin  may  be 
excessively  decreased,  the  color  index  falling  even  as  low  as  0.4;  the  red 
cells  may  number  less  than  two  millions  per  cubic  millimetre,  and  the 
average  size  of  the  cells  be  less  than  normal.  The  leucocytes  are  not 
increased  in  number.  There  may  be  a  slight  relative  increase  of  the 
lymphocytes;  megalocytes,  microcytes,  and  poikilocytes  may  appear  (see 
Plate  II.,  Fig.  2).     Polychromatophilia  is  frequent. 

The  specific  gravity  of  the  blood  is  diminished  in  proportion  to  the 
fall  in  haemoglobin;  the  total  quantity  is  greatly  increased.  The  time  of 
coagulation  is  often  very  short,  a  change  undoubtedly  correlated  with 
the  not  infrequent  thrombosis  seen  in  chlorosis.  Even  in  cases  of 
considerable  severity  the  degenerative  changes  in  the  viscera  character- 
izing other  forms  of  anaemia  have  been  found  wanting,  although  degen- 
erative changes  in  the  red  cells  may  occur  in  accordance  with  the  severity 
of  the  disease.  The  liver  does  not  contain  an  excess  of  iron,  and  the 
urine  is  free  from  pathological  urinary  pigments. 

The  regeneration  of  the  blood  in  chlorosis  under  rest  and  treatment 
with  iron  may  usually  be  rather  promptly  effected  by  increased  activity 
of  the  red  marrow,  which  is  probably  hyperplastic.  This  regenerative 
process  may  be  indicated  in  the  blood  by  the  periodical  appearance  of 
considerable  numbers  of  normoblasts.  The  appearance  of  these  nucle- 
ated red  cells  may  be  accompanied  by  a  moderate  increase  of  leucocytes, 
both  mononuclear  and  polynuclear.  Myelocytes  also  may  rarely  be 
seen. 

1  For  a  fun  disouasion  of  the  subjects  treated  in  this  chapter  the  reader  is  referred  to  von  Noorden, 
** Bleichsucht."  NothnageFs  "Spec.  Path.  u.  Therap.";  Ehrlich  and  Lazarus,  "Die  Anaemie." 
Nothnagel's  "Spec.  Path.  u.  Therap.";  UeUy,  ibid.,  "Die  H&matopoetisohen  Organe;"  and  Naeoelit 
"'  Blutkrankheiten  und  Blutdiacnostik/'  Leipzig.  1912. 


472  THE    BLOOD    AND    THE    BLOOD-FORMING    ORGANB 

SECOITSARY  AN^HIA. 

While  chlorosis  may  be  considered  usually  a  disease  of  adolescence, 
and  while  its  occurrence  is  confitied  to  the  female  sex,  there  is  another 
type  of  blood  change  which  seems  best  classified  under  the  heading  of 
secondary  anemia,  and  which  is  independent  of  sex  or  age.  The  deter- 
mining agents  are  either  of  a  general  nature,  such  as  poor  food  and  bad 
air,  or  they  are  actual  diseases,  or  they  may  be  intestinal  parasites,  or, 
finally,  chronic  poisoning.  Among  those  diseases  which  are  likely  to 
induce  a  well-defined  anaemia  we  may  mention  prolonged  suppuration, 
mycotic  endocarditis,  diseases  of  the  stomach  and  intestines,  malaria, 
syphilis,  and  malignant  tumors.  The  intestinal  parasites  are  chiefly  the 
Ankylostoma  duodenale  and  the  Botbriocephalus  latue.     The  poisons 
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are  lead  and,  more  rarely,  arsenic.  The  alterations  which  are  apparent 
on  examining  the  blood  are  very  variable,  depending  upon  the  agent. 
The  hsemoglobin  is  regularly  diminished  to  a  greater  per  cent,  than  the 
red  cells;  it  may  fall  as  low  as  15-20  per  cent.;  the  red  cells  rarely  fall 
below  one  million.  Nucleated  red  cells  of  the  normoblastic  type  are 
frequent  in  the  severe  cases;  megaloblasts  are  not  found  except  in 
advanced  cases  of  Bothriocephalua  aniemia.  As  a  rule  the  average 
diameter  of  the  red  cells  is  slightly  below  normal,  with  a  moderate 
poikilocytosis.  Granular  degeneration  is  present  to  a  variable  extent 
in  the  red  cells  except  in  malaria  and  lead  poisoning,  when  it  is  the  rule. 
In  the  anfemias  produced  by  the  Bothrioeephalus  the  blood  picture  may 
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be  that  of  pernicious  anaemia,  with  a  great  increase  in  the  size  of  the  cells 
and  the  appearance  in  the  blood  of  numerous  megaloblasts,  thus  forming 
an  exception  to  the  general  rule  that  the  blood  of  secondary  anaemia  is 
normoblastic  in  type.  In  the  anaemia  due  to  the  Ankylostoma  or  the 
Uncinaria  the  blood  shows  the  picture  of  a  chlorotic  anaemia  often  accom- 
panied by  a  considerable  eosinophilia,  which  is  not  usually  seen  in  the 
Bothriocephalus  variety.  The  leucocytes  are  increased  in  anaemia  due 
to  suppuration  and  in  about  50  per  cent,  of  the  tumor  cases;  in  other 
forms  there  is  usually  but  little  change  in  the  number,  though  it  is  im- 
possible to  formulate  a  general  rule  (Plate  II.,  Fig.  3).  When,  however, 
a  tumor  invades  the  bone  marrow  an  extensive  hyperplasia  of  this  tissue 
may  occur  with  consequent  flooding  of  the  blood  current  with  large 
numbers  of  immature  leucocytes  so  that  the  blood  simulates  that  of 
myelogenous  leukaemia  (Fig.  280). 


PERNICIOUS  ANAEMIA. 

Pernicious  anaemia  is  a  disease  of  the  blood  and  blood-forming  organs, 
characterized  by  excessive  destruction  associated  with  defective  produc- 
tion of  red  cells. 

The  exact  relation  of  the  factors  concerned  in  the  causation  of  the 
disease  has  not  been  determined.  It  may  be  said,  however,  that  while 
very  rapid  cases  of  pernicious  anaemia  have  been  observed  unaccom- 
panied by  the  usual  lesions  in  the  bone  marrow  associated  with  defec- 
tive haematogenesis,  the  disease  seems  not  to  exist  without  excessive 
haematolysis. 

Pernicious  anaemia  may  probably  originate  as  a  primary  disease  of 
the  blood  or  bone  marrow,  but  many  cases  apparently  primary  have 
been  shown  at  autopsy  to  be  secondary  to  such  conditions  as  cancer, 
nephritis,  tuberculosis,  atrophy  of  the  gastric  mucosa,  or  the  presence  of 
parasites  in  the  blood  or  intestine.  The  studies  of  Hunter  indicate  that 
the  destruction  of  the  blood  may  in  some  cases  result  principally  in  the 
portal  circulation  and  particularly  in  the  spleen  from  the  action  of  toxic 
substances  absorbed  from  the  intestines,  and  Herter  has  shown  that  the 
toxic  products  arising  from  anaerobic  putrefaction  of  the  proteins  by 
certain  bacteria  may  play  an  important  part  in  the  induction  of  haematoly- 
sis. Whatever  its  origin,  the  distinguishing  feature  of  pernicious  anaemia 
is  the  fact  that  the  anaemia  is  entirely  disproportionate  to  any  apparent 
cause,  and  when  once  established  tends  to  progress  to  a  fatal  issue. 

The  essential  lesion  is  an  extreme  and  progressive  diminution  in 
number  and  very  great  variation  in  size  and  form  of  the  red  blood  cells 
(as  shown  in  Plate  II.,  Fig.  4).  Nearly  constant  is  a  widely  distributed 
lesion  of  the  bone  marrow,  in  wliich  the  normal  nucleated  red  cells  are 
partly  replaced  by  an  excessive  number  of  larger  nucleated  corpuscles  or 
megaloblasts,  with  atrophy  of  fat  cells.  The  destruction  of  haemoglobin 
is  followed  by  a  considerable  deposit  of  iron  in  the  liver,  spleen,  marrow, 
and  other  organs,  and  by  the  appearance  of  abnormal  pigment  in  the 
urine.     The  prolonged  anaemia  may  be  accompanied  by  fatty  degenera- 
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tion  in  the  viscera,  especially  of  the  liver,  kidneys,  and  heart  muscle. 
As  a  combined  result  of  fatty  changes  in  the  arterial  walls  and  of  the 
diminution  in  albuminous  ingredients  and  in  the  coagulability  of  the 
blood,  haemorrhages  in  various  parts  of  the  body,  especially  the  retina, 
are  of  frequent  occurrence.  Disseminated  areas  of  sclerosis  in  the  spinal 
cord  have  been  described  and  regarded  as  the  result  of  minute  haemor- 
rhages in  this  region. 

In  the  blood  the  red  cells  are  usually  reduced  to  less  than  two  millions 
and  occasionally  to  half  a  million  per  cubic  millimetre.  Of  the  remaining 
cells  a  considerable  percentage  may  be  abnormally  large  (megalocjrtes), 
or  very  small  (microcytes) .  Cells  of  very  irregular  shape  are  often 
present  in  abundance  (poikilocytes)  (Plate  II.,  Fig.  4).  The  quantity  of 
haemoglobin  in  the  majority  of  the  cells  is  usually  increased,  but  may  be 
diminished  in  a  certain  proportion  of  cells,  which  then  resemble  those 
found  in  chlorosis.  The  "haemoglobin  index*' — that  is,  the  relation  of 
the  total  percentage  of  haemoglobin  to  the  total  number  of  cells — ^may  be 
normal  when  a  deficiency  of  haemoglobin  in  one  cell  is  counterbalanced 
by  a  proportionate  excess  in  another,  but  in  general  it  is  greater  than 
unity. 

A  variety  of  degenerative  changes  in  the  red  cells  are  commonly 
present,  including  especially  those  alterations  in  the  staining  reactions  of 
the  protoplasm  known  as  polychromatophilia  and  granular  degeneration. 
In  the  first  the  cell  stains  a  more  or  less  uniform  blue  with  methylene 
blue;  in  the  second  the  cells  contain  granules  which  give  a  strong  baso- 
philic staining  reaction. 

Nucleated  red  cells  of  normal  size  (normoblasts)  are  of  frequent  occur- 
rence in  the  blood  of  well-established  pernicious  anaemia.  Abnormally 
large  nucleated  red  cells  (megaloblasts)  are  a  nearly  constant  element  at 
some  stage  of  the  disease  and  are  of  great  diagnostic  importance,  as  they 
indicate  the  presence  of  a  grave  lesion  in  the  bone  marrow.  They  are 
more  abundant  than  the  normoblasts  in  well-developed  cases. 

Megalocytes  and  megaloblasts  usually  show  an  excess  of  haemoglobin, 
may  exhibit  amoeboid  movement,  and  have  no  tendency  toward  the 
formation  of  rouleaux.  Extremely  large  nucleated  red  cells  (giganto- 
blasts)  are  frequently  found  in  advanced  cases,  and  in  these  cells  as  well 
as  in  the  megaloblasts  the  nuclei  may  be  rarely  seen  in  various  stages  of 
normal  or  pathological  mitosis.  "Blood  crises,''  by  which  is  indicated 
the  appearance  of  large  numbers  of  normo-  or  megaloblasts  in  the  circu- 
lation, may  occur  in  pernicious  anaemia,  but  it  must  be  remembered  that 
the  blood  picture  in  any  severe  anaemia  varies  much  from  day  to  day 
without  any  marked  alteration  in  the  general  condition  of  the  patient. 
In  the  absence  of  complications  producing  leucocytosis  in  pernicious 
anaemia,  the  leucocytes  are  usually  diminished  in  number.  There  is  a 
relative  increase  in  the  number  of  lymphocytes,  and  usually- a  few  myelo- 
cytes may  be  found. 

^»«  Aplas^c  Anaemia. — A  very  rare  variety  of  a  rapidly  fatal  form  of 
anaemia  has  been  described  in  which  the  number  of  red  cells  is  diminished 
without  the  blood  showing  the  changes  characteristic  of  pernicious 
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ansemia.  The  bone  marrow  in  these  cases  has  been  found  to  be  fatty 
instead  of  hyperplastic  as  in  the  typical  marrow  of  pernicious  anaemia. 
It  has  been  suggested  that  the  bone  marrow  for  some  unknown  reason 
had  not  responded  to  the  call  made  upon  it  by  the  rapid  haematolysis 
taking  place  in  the  disease,  and  therefore  did  not  undergo  the  megalo- 
blastic changes  so  characteristic  of  the  bone-marrow  in  well-marked 
cases  of  pernicious  anaemia.^ 


LEUK£BiIA   (LEUCOCYTKSBilA). 

Leukaemia  is  a  disease  in  which  the  characteristic  changes  are  an  alter- 
ation in  the  relative  proportions  of  the  different  leucocytes  of  the  blood, 
with  usually  an  increase  in  their  number,  and  the  appearance  of  certain 
forms  not  seen  in  the  circulation  under  normal  conditions.  The  red  cells 
are  diminished  in  number,  and  abnormal  forms  appear  in  the  blood. 
Accompan)ring  these  alterations  in  the  circulating  blood  are  changes  in 
the  bone  marrow,  less  often  in  the  spleen  and  in  the  lymph-nodes.  Its 
inciting  factors  are  still  unknown.  Leukaemia  may  be  classed  in  four 
types,  which  are  fairly  well  defined  clinically  and  morphologically,  but 
between  these  there  exist  many  transitional  forms,  especially  from  the 
point  of  view  of  the  morphology  of  the  blood.  These  four  types  are  the 
acute  and  chronic  lymphatic  leukaemia  and  the  acute  and  chronic  myel- 
ogenous leukaemia  (spleno-myelogenous) . 

Acute  Lymphatic  Leukaemia  is  a  disease  resembling  clinically  an 
acute  infection,  with  a  rapidly  increasing  anaemia,  enlargement  of  the 
lymph-nodes,  as  a  rule,  and  a  moderate  increase  in  the  size  of  the  spleen 
and  liver.  Cases  are  on  record,  however,  in  which  there  was  no  enlarge- 
ment of  the  spleen  or  lymph-nodes.'  The  blood  changes  are  very 
characteristic.  The  red  cells  diminish  rapidly  in  numbers,  normoblasts 
and  occasionally  megaloblasts  are  present,  and  the  leucocytes  are 
increased,  though  usually  below  100,000.  The  forms  present  are  chiefly 
lymphocytes,  either  large  or  small,  the  large,  as  a  rule,  predominating. 
While  the  staining  reactions  of  the  large  lymphocytes  in  this  disease 
correspond  with  those  of  the  cells  of  normal  blood,  yet  Longcope'  has 
shown  that  they  contain  a  proteolytic  and  lipol3rtic  ferment  character- 
istic of  the  granular  types  of  cells  from  the  bone  marrow.  This  has  been 
confirmed*  by  the  discovery  that  in  the  large  lymphocytes  it  is  possible 
to  demonstrate  an  oxidase,  a  ferment  heretofore  considered  to  be  con- 
fined to  the  granular  types.  These  findings  indicate  that  the  cells  in 
question  should  be  considered  rather  as  myeloblasts  than  as  large  lympho- 
cytes. The  bone  marrow  is  altered  to  a  tissue  showing  large  numbers 
of  lymphocytes,  the  so-called  lymphoid  hyperplasia,  which  often  extends 
to  the  lymphoid  tissue  in  the  viscera. 

Chronic  Lymphatic  Leukaemia. — The  blood  shows  a  severe  anaemia 
with  great  increase  in  the  lymphocytes.     The  small  forms  of  the  lympho- 

1  For  a  study  of  a  series  of  such  cases  see  Lavenson,  Am.  Jour.  Med.  Sci.,  1907,  vol.  cxxxiiL,  p.  100. 
3  See  Kdly,  Univ.  Penn.  Med.  Bull..  1903,  p.  270. 

*  Longcope  and  Donhauaer,  Jour.  Exper.  Med.,  1908,  x.,  618. 

*  See  SehulUe,  MOnohen.  med.  Wchnschr.,  1909,  Ivi,  167.  and  Peters,  tbid,  1478. 
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cytes  are  most  abundant,  in  contradistinction  to  the  acute  type  of  the 
disease,  ia  which  the  large  forms  are  usually  in  excess.  The  lymph-nodea 
and  spleen  are  usually  enlarged;  the  bone  marrow  is  in  a  condition  of 
lymphoid  hyperplasia,  and  there  are  lymphoid  infiltrations  in  the  various 
organs  (see  Figs.  281  and  282  and  Plate  II.,  Fig.  5). 

Acute  Myelogenous  LeukEemia. — A  few  cases  of  leukiemia  of  the 
myelogenous  type  have  been  reported  in  which  the  clinical  course  was 
very  acute,  with  a  rapidly  increasing  aniemia  and  the  occasional  appear- 
ance of  nucleated  red  cells.  In  some  of  the  caaes  the  blood  was  not 
characteristic  and  the  diagnosis  could  be  made  only  after  death  by  a 
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study  of  the  changes  in  the  bone  marrow;  in  others  the  blood  picture 
resembled  that  of  a  chronic  myelogenous  leukemia  with  the  usual  large 
percentage  of  myelocytes.  Some  of  the  cases  diagnosed  as  acute  myelog- 
enous leukaemia  were  undoubtedly  of  the  type  of  disease  known  M 
chloroma,  while  others  were  presumably  acute  infections  with  a  hi^ 
leukocytosis  and  the  appearance  of  a  few  myelocytes  in  the  blood  with 
a  marked  hyperplasia  of  the  bone  marrow  due  to  the  prolonged  septic 
condition.  The  difficulties  in  the  diagnosis  of  acute  myelogenous  leu- 
kaemia are  complicated  by  the  fact  that  the  lymphocytes  in  acute  lym- 
phatic leukaemia  may  be  greatly  diminished  toward  the  end  of  the  disease. 
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and  a  few  myelocytes  Diay  appear  under  these  conditions,  thus  render- 
ing a  difTerentiation  impossible.' 

Chronic  Hyelogeaous  Leukaemia. — The  blood  shows  a  severe  anffimia, 
rarely  of  a  pernicious  type,  with  marked  quantitative  and  qualitative 
changes  in  the  leucocytes.  The  increase  in  number  of  white  cells  may 
be  to  more  than  one  million  per  cubic  millimetre.  Myelocytes,  both 
neutrophilic  and  eosinophilic,  are  quite  constantly  present  in  consider- 
able numbers.     They  may  form  a  large  proportion  of  the  leucocytes 
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present.  Basophile  cells  are  very  abundant  in  cases  of  long  duration, 
eapeciallj'  the  type  with  polymorphic  nuclei,  myelocytes  with  baso- 
philic granulations  being  rare.  In  rapidly  advancing  cases  mitoses  may 
be  rarely  seen  in  the  red  cells  and  in  the  leucocytes  (see  Plate  II.,  Fig,  5) . 

The  pathological  forms  of  leucocytes  in  myelogenous  and  lymphatic 
leuksmias  have  little  or  no  amceboid  motion.  This  explains  the  inter- 
esting fact  that  the  pus  from  an  abscess  in  a  leukjemic  subject  contains 
only  the  polynuclear  neutrophile  celts  found  in  such  exudates  in  persons 
with  a  normal  blood  condition.  In  acute  infections  and  after  treatment 
with  the  Rontgen  rays,  the  number  of  myelocytes  present  in  the  circu- 

'  BiUini;!  sad  Cappi,  "AiutB  Myelogenic  Leukieroia,"  Amer.  Jour,  Med.  3d.,  vol.  cixvi.,  p.  376, 
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lation  may  be  greatly  reduced  and  the  blood  may  even  lose  the  cell  forms 
characteristic  of  leukaemia,  the  myelocytes  being  replaced  by  lymphocytes 
or  the  ordinary  polynuclear  leucocytes  of  normal  type. 

The  same  condition  may  be  seen  in  mild  cases,  which  may  under  treat- 
ment reach  a  point  in  which  it  is  difficult  to  make  a  diagnosis  from  the 
blood  alone. 

In  this  connection  it  must  be  remembered  that  the  blood  picture  in 
pernicious  anaemia  and  the  leukaemias  is  a  very  variable  one.  As  a  rule, 
more  than  one  examination  is  necessary  for  a  certain  diagnosis,  and  it 
must  not  be  forgotten  that  occasionally  a  case,  apparently  of  pernicious 
anaemia,  may  go  on  to  a  typical  lymphatic  or  myelogenous  leukaemia. 

In  myelogenous  leukaemia  there  is  hyperplasia  of  the  bone  marrow, 
which  usually  fills  the  shafts  of  the  long  bones  with  a  firm,  pink  mass 
composed  largely  of  myeloc3rtes.  This  h3rperplasia  may  involve  the 
whole  bone  marrow  of  all  the  long  bones,  or  it  may  be  confined  to  irreg- 
ular, scattered  areas,  so  that  one  should  be  critical  in  accepting  reports 
of  cases  of  leukaemia  without  bone-marrow  changes.  The  other  organs 
show  hyperplasia  of  lymphoid  tissue,  often  especially  well  marked  in  the 
gastro-intestinal  tract,  while  scattered  through  the  spleen  are  often  seen 
numerous  small  areas  containing  myelocytes. 

There  is  some  reason  to  think  that  in  the  spleen,  for  instance,  some 
multiplication  of  the  cells  goes  on  in  the  so-called  "  marrow  cell  or  mye- 
loid metastases."  The  same  change  may  rarely  be  seen  in  the  liver  and 
lymph-nodes.  In  the  blood,  spleen,  and  marrow,  after  death,  elongated 
octahedral  crystals  (called  Charcot-Leyden  crystals)  are  occasionally 
found.  Haemorrhages  into  the  serous  and  mucous  membranes  and  the 
retina  are  quite  frequent,  especially  the  latter,  and  fatty  degeneration 
of  the  viscera  is  a  quite  constant  expression  of  the  impoverished  condi- 
tion of  the  blood.  For  more  detail  concerning  the  lesions  of  the  organs 
see  chapters  on  spleen,  lymph-nodes,  bones,  etc. 

CHLOROMA. 

Under  this  name,  which  means  merely  "a  green  tumor,"  are  grouped 
a  number  of  forms  of  a  disease  which  shows  many  points  of  resemblance  to 
both  malignant  tumors  and  the  leukaemias.  It  is  now  generally  con- 
sidered to  belong  to  the  group  of  primary  diseases  of  the  haematogenetic 
organs,  its  closest  relationships  being  with  the  leulcaemias.  The  impor- 
tant lesions  are  the  presence  of  new  growths  of  a  greenish  color  in  the 
osseous  system,  accompanied  in  many  cases  by  alterations  in  the  circu- 
lating blood.  The  tumors  are  frequently  observed  in  the  bones  of  the 
skull,  but  may  involve  any  of  the  organs  of  the  body.  Nothing  is  knov^Ti 
as  to  the  chemical  relationships  of  the  coloring  matter. 

Two  chief  types  of  tumors  can  be  distinguished  histologically,  the 
lymphoid  and  the  myeloid.  In  the  lymphoid  form  the  tumor  and  its 
metastases  are  composed  of  cells  resembling  lymphocytes,  generally  of 
the  large  variety.  Diffuse  infiltration  of  the  other  organs  may  also 
occur,  resembling  that  seen  in  the  leukaemias.     In  the   myeloid  type 
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the  tumor  is  characterized  by  the  presence  of  large  cells  resembling  the 
myelocytes  or  myeloblasts  of  the  bone  marrow.  In  this  form  widespread 
involvement  of  the  bone  marrow  and  spleen  is  apt  to  occur,  and  extension 
to  other  organs  generally  takes  place  in  the  form  of  small  nodules  of 
myeloid  tissue. 

The  blood  pictures  may  be  conveniently  divided  into  four  types: 
One  with  small  lymphocytes;  one  with  large  lymphocytes,  which  is  the 
most  frequent  type;  one  with  atypical  large  mononuclear  cells  resembling 
myeloblasts;  and  one  in  which  the  myelocytes  are  the  cells  most  abun- 
dantly present.  The  red  corpuscles  also  show  the  changes  due  to  an 
ansemia. 

Unless  definite  superficial  tumors  are  present  it  is  often  impossible  to 
differentiate  the  blood  picture  from  that  of  a  leukaemia,  and  many  of  the 
cases  have  been  diagnosticated  only  after  death  by  the  finding  of  greenish 
tumors  scattered  throughout  the  organs.^ 

PSEUDO-LEUKiEMIA.     ("  Hodgkin's  Disease,"  "  Adenie.") 

For  a  consideration  of  pseudo-leukaemia  and  Hodgkin's  disease  see 
page  489. 

ANAEMIA  INFAirrUM  PSEUDO -LEUKEMIC A.     (Von  Jaksch.) 

This  is  a  somewhat  peculiar  form  of  anaemia  occurring  in  children, 
and  characterized  by  progressive  anaemia,  by  a  considerable  increase  of 
leucocytes,  by  enlargement  of  the  spleen  and  liver,  and  often  by  hyper- 
plasia of  the  lymph-nodes.  A  large  number  of  nucleated  red  cells  are 
present  in  well-marked  cases.  Myelocytes  are  found,  but  rarely  form 
more  than  10  per  cent,  of  the  white  cells. 

By  some  authorities  it  is  regarded  as  an  early  stage  of  leukaemia  or 
as  a  type  of  leukanaemia,  by  others  as  a  form  of  secondary  anaemia  fol- 
lowing rachitis,  tuberculosis,  or  syphilis. 

The  histological  changes  in  the  blood-forming  organs  are,  so  far  as  is 
known,  very  similar  to,  but  less  pronounced  than,  those  of  leukaemia.' 

SPLENIC  ANJSBilA. 

A  very  chronic  form  of  anaemia  with  enlargement  of  the  spleen  was 
first  described  by  Banti.*  The  course  of  the  disease  may  be  divided 
into  three  stages;  one  in  which  there  is  marked  anaemia  with  increase  in 
the  size  of  the  spleen  and  irregular  attacks  of  fever,  the  white  cells  re- 
maining normal  in  number  and  proportion.  This  period  is  usually  from 
three  to  five  years,  but  may  be  much  longer.  Then  follows  an  interval 
of  a  few  months  in  which  there  are  jaundice  and  gastro-intestinal  dis- 
turbances, passing  into  the  final  stage  with  fever,  jaundice,  ascites, 
diminished  leucocytes,  extreme  anaemia,  and  often  severe  haemorrhages 
from  the  gastro-intestinal  tract.     The  chief  lesions  are  a  very  much 

1  Dock,  Amer.  Jour.  Med.  Sci.,  1893,  cvi.,  152;  Dock  and  Warthin,  Med.  News,  1904.  Ixxxv.,  971; 
Lthndorff  (Ergeb.  d.  inn.  Med.,  1910,  vi.,  221)  gives  a  very  complete  discussion  of  all  the  published  cases, 
now  amounting  to  about  ninety,  and  a  copious  bibliography;  see  also  Burgess,  Jour.  Med.  Research,  1912, 
N.  S.  xxii.,  133. 

*  Consult  Monti  and  Btrggrun,  "Die  chronische  Anaemie  d.  Kindesalters,'*  Leipsic,  1892. 

*  Bantx,  Ziegler's  Beitr.,  1898,  xxiv.,  21;  Lossen,  Mitt.  a.d.  Grenzgeb.,  1904,  xiii.,  753.  For  a  very 
eareful  study  of  the  remarkable  improvement  in  the  blood  following  splenectomy  see  Bierring  and 
Bgdahl,  Jour.  Am.  Med.  Assn..  1906,  xlvii.,  1149  (bibliography). 
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enlarged  spleen  with  induration  of  the  splenic  pulp,  atrophy  of  the 
Malpighian  bodies,  and  frequently,  though  not  always,  an  extreme 
sclerosis  of  the  portal  and  splenic  vessels.  The  sinuses  are  often  dilated 
and  may  contain  large  cells  filled  with  phagocyted  red  corpuscles.  A 
moderate  interlobular  cirrhosis  of  the  liver  is  usually  present,  but  is  not 
of  a  high  grade.  In  the  earlier  stages  no  cirrhosis  can  be  made  out. 
Changes  have  not  been  observed  in  either  the  lymph-nodes  or  the  bone 
marrow. 

Originally  the  condition  was  considered  merely  an  abnormal  cirrhosis 
of  the  liver  with  enlargement  of  the  spleen,  but  study  of  many  cases  in 
recent  years,  together  with  the  striking  improvement  noticed  after 
splenectomy,  has  forced  the  conclusion  that  the  splenic  lesion  is  the  most 
important  and  that  the  cirrhosis  is  largely  a  secondary  phenomenon. 

Umber^  has  described  an  extremely  interesting  case  in  which  there 
was  apparently  an  extensive  toxic  destruction  of  the  proteid  material  in 
the  body.  After  excision  of  the  spleen  this  destruction  was  checked  and 
the  proteid  balance  became  positive. 

In  the  type  of  splenomegaly  described  by  Gaucher,  there  is  often 
extreme  anaemia.  The  blood  may  contain  very  large  numbers  of  nucle- 
ated red  cells,  with  a  high  leucocytosis  and  a  small  percentage  of  myelo- 
cytes. This  is  not  constant,  however,  and  is  apparently  due  to  the  pres- 
ence of  metastases  in  the  bone  marrow  from  the  splenic  tumor.  (For  a 
description  of  the  lesions  of  the  spleen,  see  page  499.) 

Splenomegaly  accompanied  by  anaemia  is  occasionally  seen  in  adults, 
and  in  some  of  the  cases  there  seems  to  be  an  actual  limitation  of  the 
disease  to  this  organ,  but  there  is  no  reason  to  consider  the  condition  as 
worthy  of  a  separate  classification.  Many  of  the  cases  ultimately  prove 
to  be  obscure  forms  of  lymphatic  leukaemia  in  which  the  characteristic 
blood  pictures  appear  only  a  few  days  or  weeks  before  death.  Other 
forms  are  due  to  a  splenic  tuberculosis  or  sjrphilis.  In  children,  rickets, 
syphilis,  and  chronic  gastro-intestinal  lesions  are  the  chief  causes  of 
splenic  enlargement  with  anaemia. 

A  separate  class  of  splenic  anaemias  heretofore  included  in  this  group 
has  been  shown  to  be  due  to  a  parasite  of  the  genus  Leishmania.  This 
type  of  splenic  anaemia  in  adults  is  seen  chiefly  in  India  and  the  Soudan. 
Minute  organisms,  the  Leishmania  donovani,  are  found  in  the  splenic 
pulp,  chiefly  inclosed  in  the  mononuclear  cells.  The  disease  is  also 
known  as  kala-azar.  The  organisms  can  be  grown  on  artificial  culture 
media  and  develop  into  a  flagellate  form  resembling  trypanosomes. 

The  splenic  anaemia  frequently  occurring  in  children  in  Southern 
Italy  and  Northern  Africa  has  been  shown  by  Nicolle  to  be  due  to  a 
similar  parasite,  the  Leishmania  infantum. 

A  marked  relative  lymphocytosis  characterizes  the  blood  of  both  of 
these  conditions.  The  parasites  can  be  found  in  the  blood  in  about  a 
half  of  the  adult  cases,  but  in  children  they  are  very  scanty.  In  blood 
obtained  by  splenic  puncture  the  parasites  can,  however,  be  easily  found 
in  both  forms. 

»  Umber,  Ztschr.  f.  klin.  Med.,  1904.  Iv.,  289. 


CHAPTER  II. 

THE  LYHPH-NODES. 

General  Characteristics  of  the  Lymph -Nodes. 

It  is  well,  in  studpng  the  lesiona  of  the  lymph-nodes,  to  rememl: 
structures  so  placed  in  the  course  of  the  lymph- vessels  ttiat  the  ly 
toward  the  larger  central  trunks,  passes  through  them,  uDdergoiag  a 
aa  it  percolates  through  the  trabeeulie  of  the  lymph  sinuses.  If  this 
mind  the  lesions  of  the  lymph-nodes,  which  are  in  the  majority  of  casi 
much  more  readily  understood.  Particles  of  pigment,  cells  from  mi 
fragments  of  dead  or  disintegrating  cells  either  free  or  within  phago 
cells,  bacteria,  etc.,  which  in  any  way  get  into  the  lymph- vessels,  a 
until  a  Ijimph-node  is  reached,  and  here  they  are,  in  part  at  least,  dept 
trabecule  of  the  sinuses,  or  are  taken  up  by  phagocytic  cells,  while  the 
and  out  of  the  efferent  vessels.  Soluble  toxic  substances  also  are 
lymph-nodes,  often  inciting  marked  and  significant  alterations.' 

The  lymph-nodes  as  blood-forming  organs  stand  in  close  relati 
abnormal  processes  iu  the  body. 

What  is  called  lyinphatic  tisiue  embraces  not  only  the  so-ealled  ly 
the  less  complex  but  still  well-defined  structures  found  in  the  stomach 
ails,  and  elsewhere,  and  called  lymph  follicles,  but  also  the  less  well-d 
masses  of  tissue  resembling  that  of  lymph  follicles,  which,  as  Arnold 
chow'a  Archiv,  Bd.  Ixxx.,  p.  315;  Bd.  Ixxxii.,  p.  394;  Bd.  Ixxxiii.,  p.  2. 
p.  114),  are  widely  disseminated  in  variable  amounts  in  different  parti 
the  lungs,  beneath  the  pleura,  in  the  interlobular  septa,  and  elsewhi 
kidneys,  etc.  Although  the  exact  nature  of  these  more  diffuse  masi 
tissue  is  too  I'ttle  understood,  as  indeed  is  that  of  the  lymph  follicles  a 
selves,  there  is  reason  to  believe  that  they  are  analogous  structures 
affected  by  similar  deleterious  agencies.  It  seems  better,  in  view  of  i 
so-called  Is^mph-glands  are  not  glands  at  all,  in  the  ordinary  sense  of 
them  lymph-nodes,  and  the  smaller  masses  of  lymphatic  tissue  sc: 
various  parts  of  the  body  lymph-modules  instead  of  "lymph-follicles. 

There  is  considerable  variation  in  the  situation,  number,  and  size 
in  special  regions  of  the  body,  and  they  vary  in  sise  with  age.  It  n 
the  lympb-Dodes  are  most  fully  developed  in  the  adult,  and  undergo 
tion  and  involution  in  old  age.' 

Finally  the  lymph-nodes  are  built  up  of  cells  many  of  which  havt 
high  degree  of  differentiation  and  thus  are  prone  to  undergo  mitosit 
liferetion,  when,  from  infective  or  destructive  processes  in  regions 
minister,  deleterious  agents  gather  in  their  recesses. 

ATROPHY. 

Atrophy  is  a  very  regular  occurrence  in  old  age.  In  1 
the  nodea  are  small,  hard,  and,  unless  pigmented,  light  in  ( 
scopical  examination  shows  a  marked  diminutioa  in  the  m 

■  For  s  study  of  bacteria  iu  normal  lymphnodea  u«  KUble,  MfUich.  mod.  ^ 
p.  922. 

'  For  k  study  of  tha  structure  of  lymph-nodeg  aw  WsidmiTsUh.  Arcb.  f.  mill 

p.  1.  leoa. 

*  For  a  study  of  rwenarstion  of  lymph-nodaa  sod  vwsela  9aa  Mtttr.  Johns  H 

wL  iTiL,  p.  iss,  ime,  ba>L 
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enchyma  cells,  while  the  reticiilura  and  the  capsule  and  trabecule  may 
be  thickened.  There  may  be  an  accumulation  of  fat  around  the  node 
in  senile  atrophy. 


(Edema  of  the  lymph-nodes  may  be  associated  with  a  blocking  of  the 
associated  lymph-vessels.  Under  these  conditions  the  lymph  sinuses 
may  be  widely  distended  (Fig,  283). 

DEGEHERATIOH. 

Amyloid  Degeneration  of  the  blood-vessels  and  reticulum  of  the 
lymph-nodes  occurs  under  the  conditions  which  favor  this  change  in 
general.  It  may  occur  in  connection  with  amyloid  degeneration  of  other 
parts  of  the  body,  or  by  itself.     It  may  occur  in  nodes  otherwise  normal, 


or  in  those  which  are  the  seat  of  other  lesions — thus  in  simple  chronic  or 
tuberculous  inflammation.  It  is  frequently  found  in  the  mesenteric 
lymph-nodes,  in  connection  with  waxy  degeneration  of  the  intestinal 
mucous  membrane. 

Hyaline  degeneration  of  the  external  layers  of  the  smaller  arteries  and 
the  capillaries  and  reticulum  of  the  lymph-nodes  occurs  occasionally  in 
old  age  or  in  connection  with  wasting  diseases. 
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PIGHEHTATIOH. 

The  pigment  which  is  very  frequently  found  in  lymph-nodes  may  be 
derived  from  the  hiemoglobin  of  the  blood,  either  in  the  nodes  themselves 
or  in  remote  parts,  or  it  may  be  formed  of  various  materials  introduced 
into  the  body  from  without,  such  as  the  pigments  used  in  tattooing, 
respired  dust  particles  of  various  kinds — coal,  stone,  iron,  etc,  (Fig.  284). 
The  pigment  particles,  which  usually  lodge  iirst  in  the  lymph  sinuses, 
may  collect  here  in  large  quantities,  either  in  the  reticulum  or  the  cells 
lying  in  its  meshes;  they  may  peaetrate  the  follicles  and  cords  and  find 
permanent  lodgment  there.  They  usually  induce  a  greater  or  less  degree 
of  chronic  inflammation,  so  that  in  extreme  cases,  such  as  are  frequently 
seen  in  the  bronchial  lymph-nodes,  nothing  is  finally  left  of  the  node,  but 
a  more  or  less  deeply  pigmented  mass  of  dense  connective  tissue.     The 


Flo.  284.— PloliIHTATIOH  OF  Bbonchial  Ltufh-nodb. 

The  pigmenl  is  lali«ly  in  tbe  lymph  sinusea  and  enclosed  in  cells.     A,  Capsule  of  node;  B,  lymph 

follicles — nodule:  C.  perifollicular  lymph  Binusee. 

function  of  the  node  may  be,  of  course,  in  this  way  partially  or  entirely 
destroyed.  The  pigment  in  these  cases  appears  to  reach  the  node,  in 
part  by  being  carried  along  free  in  the  lymph  current,  in  part  through 
transportation  by  leucocytes  in  which  the  particles  have  become  enclosed. 
Pigmentation  of  the  nodes  ia  most  marked  in  those  about  the  root  of  the 
lungs,  which  are  frequently  of  a  mottled  gray  or  a  black  color,  but  it 
may  occur  in  the  mesenteric  and  other  nodes.  Under  similar  conditions 
the  diffuse  lymphatic  structure  in  the  lungs  and  liver  may  be  pigmented. 

HVPLABIHATIOIf. 

Acute  inflammation  of  the  lymph-nodes  is  commonly  due  to  the  pres- 
ence of  pathogenic  micro-organisms  or  of  toxic  substances,  usually 
bacterial  in  origin,  which  may  be  formed  in  the  node  or  brought  to  it  in 
the  lymph  current  from  the  tributary  region  of  the  body.     Under  these 
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conditions  the  nodes  are  usually  swollen,  reddened,  and  softer  than 
normal,  and  are  often  the  seat  of  small  haemorrhages.  One  or  all  of  the 
nodes  of  a  cluster  may  be  affected. 

Two  forms  of  the  acute  inflammatory  process  may  conveniently  be 
recognized,  a  hyperplastic  and  an  exudative. 

In  the  HYPERPLASTIC  form  a  microscopical  examination  shows  the 
lesion  to  be  largely  due,  in  addition  to  the  hypersemia  and  haemorrhage, 
to  a  proliferation  of  the  cells  of  the  node,  the  spheroidal  mononuclear 
cells  of  the  nodules  ("follicles")  and  cords,  and  especially  the  endothe- 
lial cells  of  the  lymph-spaces  (Fig.  285),  which  may  increase  in  number 
and  exfoliate  to  such  an  extent  as  to  fill  and  largely  distend  the  Ijinph 


□r  LiuPH-NOD>  IN  TrpaoiD  Fevcb. 

Qterio  Doda.     A,  C&psule:  B,  perifollicular  ipoce  or  brmpb 
cells;  C.  portion  of  one  of  the  (oUiclei.  with  Istt*  md  soull 


sinuses.  These  endothelial  cells  often  contain  red  blood  cells,  leuco- 
cytes, and  fragments  of  other  cells  (Fig.  286).  In  diphtheria,  scarlatina, 
and  typhoid  fever,  as  well  as  in  many  other  infectious  diseases,  necrosis 
of  the  hyperplastic  tissue  is  common.  The  necrosis  is  usually  in  circum- 
scribed areas — focal  necrosis — and  often  involves  especially  the  ger- 
minal centres  of  the  nodules. 

(After  simple  hyperplasia  of  the  lymph-nodes,  resolution  readily 
occurs.  But  if  necrosis  have  taken  place,  such  areas  may  be  replaced 
by  fibrous  tissue. 

This  form  of  lesion  of  the  lymph-nodes  is  common.  It  may  occur  in 
the  cervical  nodes  with  many  forms  of  angina;  in  the  inguinal  nodes  in 
connection  with  acute  infectious  processes  in  the  external  genital  organs; 
in  the  axilla  with  infectious  processes  in  the  hand,  arm,  or  breast;  in 
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the  mesenteric  nodes  with  infection  or  intoxication  of  intestinal  or  other 
origin.  Similar  lesions  occur  in  the  solitary  lymph-nodulea  and  Peyer's 
patches  of  the  intestine  (Fig.  287), 

In  EXUDATIVE  or  suppurative  forms  of  inflammation  of  the  lymph- 
codes,  in  addition  to  the  simple  hyperplastic  changes  just  described, 
there  are  emigration  and  collec- 
tion of  leucocytes,  with  the 
formation  of  more  or  less  fibrin 
in  the  lymph  sinuses  -as  well  as 
in  the  interstices  of  the  nodules. 
The  capsule  of  the  nodes  may 
be  infiltrated  with  exudate. 
With  these  changes  there  may 
be  necrosis  and  softening  of  the 
tissue  of  the  nodes  and  the  de- 
velopment of  abscesses.     Small 

abscesses  may  coalesce,  and  thus  fio.  286.-Enih>tbbuai,  cblui  in  Hypibplau* 
a  considerable  part  of  the  node  ""  ''«■  Lthph-nodm. 

b  converted  into  a  suppurating  ""jCSt'jtZ.^^b'^'S.'S;' '" 

necrotic    mass — bubo.      Such   a 

bubo  may  open  externally  or  into  the  surrounding  tissue  and  heal  by 

granulation  tissue  and  cicatricial  tissue;  its  contents  may  be  absorbed 

or  become  dry  and  dense  and  calcified,  and  surrounded  by  fibrous  tissue. 

Suppurative  inflammation  of  the  lymph-nodes  often  occurs  in  connection 

with  suppurative  processes  elsewhere,  in  pyaemia,  venereal  infection,  etc. 

The  lymph-nodes  of  children  are,  as  a  rule,  more  readily  involved  in 

infectious   processes  of 

other   parts   than    are 

those  of  adults. 

Chronic  Inflamma- 
tion.— This  is  charac- 
terized by  the  increase 
of  the  connective-tissue 
elements  of  the  node, 
with  a  gradual  and 
commensurate  disap- 
pearance of  the  lym- 
phoid cells.      The  ret- 

Fia.  2S7.— HTPEapi.uiA  or  Peter's  Patch  in  TrPHOit.  iculum    of    the    folHcleS 

Bbo-in,  n^.tonn«t  endo^"i!l  «]l,  m  the  n,«h»  of  the  ^<^^      ^inUSCS      beCOmeS 

reticular  tiwue  betweea  the  blood- vesBelo.  thickened    and   fibrOUS, 

and  in  the  trabecule 
and  capsule  new  connective  tissue  is  formed,  until,  in  advanced  cases, 
the  entire  node  may  be  more  or  less  extensively  converted  into  a  mass  of 
fibrous  tissue.  This  condition  is  very  frequently  seen  in  the  lower  tracheal 
and  in  the  bronchial  nodes,  apparently  as  a  result  of  the  lodgment  in  them 
of  respired  pigment  particles;  but  it  may  occur  in  any  nodes,  either  as  a 
result  of  repeated  moderate  degrees  of  inflammation  or  from  causes 
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which  we  do  not  know.  In  some  caees  the  nodes  are  greatly  enlarged 
and  the  new  tissue  contains  many  large  cells,  while  in  other  cases  the 
connective  tissue  is  dense  and  contains  but  few  cells  {Fig.  288).' 

Tuberculous  inflammation  may  be  local,  confined  to  the  nodes,  or  it 
may  occur  in  connection  with  general  acute  miliary  tuberculosis,  or  with 
tuberculous  inflammation  of  single  organs.  It  may  occur  in  single  nodes, 
or  in  several  nodes  of  the  same  group,  or  in  groups  situated  in  different 
parts  of  the  body.  In  its  simple  and  acute  form  there  may  be  no  evi- 
dent change  to  the  naked  eye  in  the  appearance  of  the  nodes,  or  they  may 


be  besprinkled  with  small,  grayish  white,  translucent  spots.  Under 
these  conditions  the  nodes  may  be  reddened  and  soft,  or  swollen  and 
denser  than  normal.  In  more  advanced  forms  of  the  lesion  the  tubercles 
coalesce  and  undergo  a  greater  or  less  degree  of  cheesy  degeneration. 
Under  these  conditions  the  cheesy  areas  are  evident  to  the  naked  eye  as 
more  or  less  sharply  circumscribed,  opaque,  whitish  or  yellowish  areas, 
frequently  surrounded  by  an  irregular,  more  translucent,  grayish  lone 
of  tubercle  tissue  which  merges  insensibly  into  the  adjacent  tissue. 
The  entire  node  may  become  involved,  and  more  or  less  completely  con- 
verted into  a  cheesy  mass,  in  the  periphery  of  which  a  zone  of  tubercle 
tissue  may  or  may  not  be  evident. 

Microscopically  the  small  nodules  or  miliary  tubercles  are  seen  to 
consist  of  more  or  less  circumscribed  collections  of  small  spheroidal,  or 
more  frequently  larger  polyhedral  cells,  with  or  without  well-defined 
giant  cells.  They  usually  commence  to  form  in  the  follicles  and  Ij-mph 
cords  of  the  nodes,  and  from  these  may  spread  and  involve  the  entire 

>  Consult  Ribberi.  "  Ueber  RfEcnenitioa  und  Eatiunduiuc  der  LymphdrOaen,"  Zieglcr'i  Beitiife 
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surrounding  tissue.  The  cheesy  degeneration,  which  here  as  elsewhere  is 
apt  first  to  involve  the  central  portions  of  the  tubercles,  presents  the 
usual  appearances.  Tubercle  bacilli  may  be  found  in  the  edges  of  the 
cheesy  areas  or  in  the  tubercle  tissue  about  them. 

Simple  inflammatory  changes  regularly  occur  in  the  periphery  of  the 
tubercles.  There  is  an  increase  of  cells  in  the  lymph  sinuses  and  follicles, 
and  a  more  or  less  marked  swelling,  and  apparently  a  proliferation  of  the 
cells  of  the  reticular  tissue  of  the  node.  In  cases  in  which  the  process  is 
chronic  there  is  often  marked  increase  of  the  connective  tissue  of  the 
nodes,  the  reticular  tissue  becomes  dense  and  fibrous,  and  the  trabecule 
and  capsule  are  thickened.  The  tubercles  themselves,  instead  of  under- 
going cheesy  degeneration,  may  become  fibrous  or  be  converted  into  a 
hyaline  material. 

The  cheesy  material  may  dry  and  shrink,  and  become  enclosed  by  a 
capsule  of  dense  connective  tissue  and  become  calcified;  or  it  may  soften, 
and  thus  cavities  be  formed  in  the  nodes,  filled  with  grumous  material; 
or  inflammatory  changes  may  be  induced  in  the  vicinity  of  the  nodes, 
leading  to  abscesses.  On  the  other  hand,  hyperplastic  inflammation  in 
the  periphery  of  the  affected  nodes  may  result  in  their  becoming  bound 
together  into  a  dense  nodular  mass. 

The  formation  of  bone  in  lymph-nodes  has  been  described  in  con- 
nection with  tuberculous  inflammation,  carcinoma,  and  other  lesions.^ 

Scrofula. — Tuberculous  inflammation  of  the  lymph-nodes,  espe- 
cially in  those  of  the  cervical,^  bronchial  (Plates  III.  and  IX.),  and 
mesenteric  groups,  often  occurs  in  children,  particularly  in  those  who  are 
ill-nourished.  Northrup  and  Bovaird  found  in  an  analysis  of  200  cases 
of  tuberculosis  in  children  that  the  lungs  and  bronchial  lymph-nodes 
were  involved  in  148.*  Such  persons,  in  addition  to  the  lesion  of  the 
lymph-nodes,  are  very  liable  to  suffer  from  chronic  tuberculous  and 
other  inflammations  of  the  mucous  membranes,  skin,  periosteum,  joints, 
and  the  subcutaneous  and  other  connective  tissues.  This  general  con- 
dition is  known  as  scrofula,  and  the  lesion  of  the  nodes  is  sometimes 
called  scrofvlous  inflammation. 

While  in  many  cases  the  portal  of  entry  of  the  tubercle  bacilli  is  not 
evident,  and  the  lesions  often  present  the  appearance  of  hyperplasia  of 
the  l3rmphoid  tissue  with  cheesy  degeneration  and  the  formation  of  more 
or  less  dense  fibrous  tissue  rather  than  the  typical  characters  of  tubercu- 
lous tissue,  nevertheless,  miliary  and  other  forms  of  tuberculous  inflam- 
mation are  often  present  in  so-called  scrofula,  and  tubercle  bacilli,  while 
sometimes  absent,  are  often  present  and  virulent.* 

The  necrotic  portions  of  such  cheesy  lymph-nodes  in  scrofula  may 

I  See  Merkd,  Munch,  med.  Woch.,  1905,  p.  1238. 

'For  bibliography  of  cervical  tuberculous  lymph-nodes  see  DovkI,  Annals  of  Surgery,  May,  1899. 

'For  a  study  of  tuberculous  bronchial  lymph-nodes  in  children  consult  Northrup,  N.  Y.  Med. 
Jour.,  voL  liii.,  p.  203,  1891;  also  Bovaird,  ibid.,  vol.  Ixx.,  p.  1,  1899.  See  further,  reference  to  Marfan^ 
p.  543.  For  later  study  of  tuberculosis  of  lymph-nodes,  especially  in  childhood,  see  Harbitx,  Jour.  Inf 
Dii.,  voL  ii.,  p.  143,  1905. 

*  In  the  examination  of  lymph-nodes  for  tubercles  and  tubercle  bacilli  it  should  be  remembered 
that  not  infrequently,  though  one  fails  to  find  either  morphological  tubercles  or  stained  bacilli,  the 
inoculation  of  portions  of  the  fresh  tissue  into  guinea-pigs  will  show  that  living  and  virulent  bacilli 
were  present. 
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soften  and  break  down,  and  by  the  establishment  of  purulent  and  necrotic 
inflammation  about  them  abscesses  may  form  which  may  open  externally. 
These  abscesses  may  heal;  but  usually  the  healing  is  difficult  and  slow, 
and  long-continued  suppurations,  frequently  with  the  development  of 
fistulae,  are  very  common.  Instead  of  softening,  the  cheesy  material  in 
the  nodes  may  become  dry  and  hard  and  undergo  calcification. 

Generalized  Tuberculous  Lymphadenitis. — Several  cases  have 
been  recorded  of  extensive  tuberculous  hyperplasia  of  the  lymph-nodes 
in  various  parts  of  the  body,  the  lesion  resembling  in  its  gross  characters 
that  of  pseudo-leukaemia.  While  in  some  of  these  cases  the  morphology' 
of  the  lesions  is  characteristic  of  tuberculosis,  in  others  the  new  tissue  is 
diffuse  and  consists  largely  of  new-formed,  small,  spheroidal  and  poly- 
hedral cells  with  large  multinuclear  cells,  and  of  fibrous  tissue.  The 
new-formed  cells  may  undergo  necrosis.  Thus  the  tuberculous  nature  of 
the  lesion  is  not  always  plain,  even  on  microscopic  examination.  Animal 
inoculations  are  often  necessary  for  the  establishment  of  the  nature  of 
such  cases.  ^ 

Syphilitic  Inflammation. — The  lesions  of  the  lymph-nodes  which  occur 
in  connection  with  syphilis  vary  greatly,  depending  upon  the  stage  of  the 
disease.     In  the  primary  stage  the  nodes  in  the  region  of  the  seat  of 
infection  are  apt  to  present  the  lesions  of  an  ordinary  acute  inflammation 
frequently  with  suppuration. 

In  the  secondary  stage  of  the  disease  the  nodes  of  other  regions,  neck, 
elbow,  axilla,  etc.,  are  often  swollen  and  hard.  On  microscopic  exam- 
ination, there  may  be  an  increase  of  connective  tissue  in  the  capsule  and 
trabeculae,  but  the  chief  change  is  in  the  accumulation  in  the  follicles  and 
lymph  sinuses  of  larger  and  smaller  spheroidal  and  polyhedral  cells. 
The  reticular  tissue  may  be  thickened  and  the  walls  of  the  blood-vessels 
infiltrated  with  cells.  In  this  condition  the  nodes  may  remain  for  a  long 
time,  not  tending  to  form  abscess;  or  they  may  undergo  resolution  through 
degeneration  and  absorption  of  the  cells. 

In  the  tertiary  stage  of  the  disease  the  nodes  may  be  the  seat  of 
chronic  inflammation  characterized  by  the  formation  of  gummata. 
Under  these  conditions  they  may  form  large,  firm  nodular  masses  from 
the  growing  together  by  new  connective  tissue  of  several  altered  nodes. 
The  gross  and  microscopical  characters  of  gummata  of  the  lymph-nodes 
are,  in  the  main,  similar  to  those  in  other  parts  of  the  body. 

HYPERPLASU  OF  THE  LYMPH-NODES.     (Lymphoma.) 

In  addition  to  the  considerable  enlargements  of  the  lymph-nodes  in 
inflammation  which  have  been  described  above,  they  become  enlarged 
under  a  variety  of  conditions  which  we  do  not  understand.  This  lack 
of  knowledge  of  the  etiology,  together  with  our  ignorance  of  certain 
functions  of  the  lymph-nodes,  and  the  morphological  similarity,  or  even 
identity,  which  these  enlarged  nodes  present  under  various  conditions, 

*  For  a  study  of  this  form  of  tuberculosis  consult  Crowder,  N.  Y.  Med.  Jour.,  vol.  IzziL.  pp.  443 
and  490.  1900.  bibL 
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render  it  very  difficult  to  decide  upon  the  exact  nature  of  the  change 

and  in  many  cases  to  distinguish  one  form  of  enlargement  from  another.  \ 

In  the  first  place,  there  is  a  class  of  cases  in  which,  sometimes  slowly, 
sometimes  with  great  rapidity,  the  lymph-nodes  of  certain  regions, 
especially  the  abdominal,  axillary,  cervical,  and  inguinal,  enlarge,  not 
infrequently  to  an  enormous  extent.  They  may  be  either  hard  or  soft, 
even  almost  fluctuating;  the  individual  nodes  may  be  distinct  or  merged 
into  one  another.  Sometimes  the  nodes  in  nearly  all  parts  of  the  body 
are  affected.  Microscopic  examination  shows,  in  the  soft  varieties,  a 
large  increase  of  small  spheroidal  and  polyhedral  cells  and  a  growth  of 
the  reticular  tissue.  It  is  a  new  formation  of  lymphatic  tissue,  but  the 
normal  relations  of  follicles,  cords,  and  lymph  sinuses  are  not  preserved. 
In  the  harder  varieties  there  is  a  thickening  of  the  reticular  tissue  in 
addition  to  an  increase  of  cells.  In  rare  cases  portions  of  the  nodes 
become  necrotic.  Sometimes  larger  and  smaller  haemorrhages  occur  in 
the  nodes,  especially  in  the  softer  forms.  In  addition  to  these  changes 
in  the  lymph-nodes  there  is,  in  a  considerable  proportion  of  cases,  a  new 
formation  of  lymphatic  tissue  in  greater  or  less  quantity,  in  other  parts 
of  the  body,  in  the  spleen,  in  the  gastro-intestinal  canal,  in  the  marrow 
of  bones,  in  the  liver,  kidneys,  etc.,  and  the  number  of  lymphocytes  in 
the  blood  and  in  other  parts  of  the  body  is  increased.  This  general 
condition  is  known  as  leukcemia  and  has  been  considered  above,  under 
"Diseases  of  the  Blood  and  Blood-forming  Organs."  The  enlarged 
lymph-nodes  in  this  disease  may  be  called,  for  convenience,  leukcemic 
lymphomata. 

There  is  occasionally  a  moderate  enlargement  of  the  lymph-nodes  in 
the  myeloid  form  of  leukemia,  though  the  increase  in  size  is  rarely  so  great 
as  that  seen  in  the  lymphatic  type.  The  nodes  remain  discrete,  though 
the  capsule  is  frequently  infiltrated  with  cells  resembling  lymphocytes 
or  myelocytes.  Microscopically  there  is  a  growth  of  mononuclear  cells 
of  the  granular  types  ordinarily  found  in  the  bone  marrow.  As  these 
areas  of  myelocytes  increase  in  size  the  lymph  follicles  gradually  dis- 
appear and  finally  the  whole  lymphoid  tissue  of  the  node  may  be  replaced 
by  myeloid  structures.  Usually  such  nodes  are  soft  and  do  not  undergo 
fibrous  changes.  The  blood  changes  of  a  myelogenous  leukaemia  also  help 
to  differentiate  this  type  of  lesion  from  the  purely  lymphatic  enlargement. 

PSEUDO-LEUKJEMIA. 

There  are  two  forms  of  disease  resembling  leukaemia  in  many  respects, 
but  usually  accompanied  with  a  less  marked  involvement  of  the  spleen 
and  no  increase  in  the  number  of  leucocytes  in  the  blood.  These  may  be 
called  pseudo-leukaemia  and  Hodgkin's  disease.  While  the  gross  appear- 
ances of  the  lymph-nodes  in  both  of  these  diseases  are  quite  similar,  there 
are  differences  in  the  microscopical  structure  which  warrant  the  separa- 
tion of  the  two  conditions.  In  the  true  pseudo-leukaemia  there  is  a  pro- 
gressive h)rperplastic  growth  of  lymph-nodes,  and  often  in  addition  a 
diffuse  hyperplasia  of  the  lymphoid  tissue  normally  present  in  such 
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organs  as  the  liver  or  kidney.  It  is  not  impossible  that  transitions 
between  this  disease  and  leuksemia  may  occur,  or  that  many  of  the  cases 
included  under  this  head  may  have  been  forms  of  chronic  lymphatic 
leukfemia  without  blood  changes  sufficiently  marked  to  compel  their 
consideration  as  true  leukaemias. 

The  changes  may  involve  Individual  nodes,  or,  what  is  more  usual, 
the  nodes  of  a  definite  region  may  enlarge  simultaneously.     When  sec- 


Compare  with  b'm 

tioned  the  tumors  are  soft  and  grayish  red.  They  usually  do  not  show 
necrotic  areas. 

Microscopically  the  nodes  resemble  those  seen  in  lymphatic  leuk»mia, 
there  being  a  loss  of  the  typical  structure  and  replacement  by  a  diffuse 
growth  of  lymphocytes  and  fine  reticular  connective  tissue  (Fig.  289). 
Rarely  large  or  even  multinucleated  cells  may  be  found.  The  ansmia 
in  these  cases  is  no  greater  than  that  due  to  interference  by  similarly 
extensive  malignant  growths  affecting  any  other  tissue. 

The  second  type,  or  Hodgkin's  disease,  shows  microscopically 
changes  in  the  lymph-nodes  which  are  entirely  different  from  those  just 
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described.  The  nodular  lesions  in  some  cases  which  have  until  recently 
been  classified  as  Hodgkin's  disease  resemble  tubercle  tissue,  and  the 
changes  are  unquestionably  due  to  a  diffuse  tuberculosis  of  the  lymphoid 
system,'  though  the  bacilli  can  usually  be  demonstrated  only  by  animal 
inoculations. 

This  group  should  be  sharply  differentiated  from  the  other  form, 
which  has  been  designated  by  Pappenheira  "granulomatous  pseudo- 
leukaemia"  and  is  the  type  to  which  Hodgkin's  name  is  now  generally 


attached.  True  tubercles  are  not  present  except  as  an  accidental  super- 
imposed lesion,  but  the  nodes  undergo  peculiar  changes  which  are  quite 
characteristic  even  in  an  early  stage.  The  alterations  characteristic  of 
Hodgkin's  disease  may  involve  the  superficial  nodes  of  the  neck,  axilla, 
inguinal,  or  cubital  regions,  or  the  lesion  may  be  confined  entirely  to  the 
bronchial  or  retroperitoneal  nodes.  In  some  cases  the  spleen  is  very 
slightly  affected;  in  others  extensive  necroses  with  fibrous-tissue  replace- 
ment  may  occur.     The   bone  marrow  shows  a  moderate  hyperplasia 

>  Sttnberg  (Ztocfar.  f.  Heilk.,  IBOS.  iLx.,  21)  bu  mute  a  careful  study  of  cun  of  this  type. 
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(Fig.  290),  In  advanced  eases  the  liver  may  show  a.  few  of  the  charac- 
teristic nodules  {Fig.  291).  The  gross  appearance  of  the  nodes  is  con- 
siderably altered  from  the  normal.  They  may  be  lobulated,  soft  or  hard, 
and  white,  gray,  or  red,  and  often  show  areas  of  necrosis.  They  are 
usually  entirely  discrete,  and  there  is  no  infiltration  of  the  capsule  or 
perinodular  fat  with  lymphocytes  as  is  the  case  in  the  forms  of  enlai^e- 
ment  due  to  leukaemia  or  lymphosarcoma.     At  first  the  only  lesion, 
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besides  a  moderate  hyperplasia,  may  be  the  development  of  areas  con- 
taining a  considerable  number  of  large  cells  with  a  faintly  staining  cell 
body  and  a  single  large  nuclei,  sometimes  showing  mitosis  (Figs.  292  and 
293).  In  this  early  stage  these  cells  correspond  closely  in  morphology 
with  the  large  cells  of  the  germinal  centres;  they  are  not  the  same  as 
the  multinucleated  cells  of  the  later  development  of  the  disease.  Not 
all  the  enlarged  nodes  show  these  changes  equally  well.  Such  alterations 
in  the  structure  can  scarcely  be  considered  as  specific,  since  they  maybe 
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found  in  nodes  undergoing  chronic  hyperplasia  in  response  to  the  irrita- 
tion of  a  neighboring  malignant  epithelial  growth. 

In  the  second  stage,  however,  the  diagnosis  is  usually  possible  from 
an  individual  node,  for  there  are  present  not  only  the  large  cells  before 
mentioned,  but  necrotic  areas  surrounded  by  cells  of  the  epithelioid 
(Fig.  294)  type  and  more  or  less  numerous  large  cells  with  polymorphic 
nuclei  or  with  two  or  more  small  oval  nuclei  lying  in  the  centre  of  the 
cell  body.  True  giant  cells  of  the  Langhans'  type  (see  Fig.  264,  p.  413) 
with  peripherally  arranged  nuclei  are  rare  in  comparison  with  the  other 
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form  (Fig.  295) .  This  group  of  cells  is  probably  produced  by  hyperptaas 
of  the  reticular  endothelial  cells.  Necrosis  in  the  nodes  and  spleen  in 
these  cases  may  be  very  extensive.  There  is  usually  a  beginning  re- 
placement hyperplasia  of  the  fibrous  tissue  of  the  reticulum. 

In  the  third  stage  the  nodes  may  be  smaller  than  the  previous  types, 
and  are  composed  very  largely  of  dense  anastomosing  bands  of  fibrous 
tissue  which  occasionally  undergo  hyaline  degeneration  (Fig.  296). 
Thrombosis  or  extensive  obliterative  endarteritis  of  the  vessels  is  not 
uncommon,  and  the  lymphoid  tissue  may  project  under  the  epithelium 
so  as  nearly  to  close  the  lumen.     The  lymphoid  tissue  is  occasionnHy 
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reduced  to  a  few  scattered  areas  surrounded  by  dense  connective  tissue 
(Fig.  297). 

Eosinophile  cells  may  be  abundant  in  the  nodular  substance,  and 
sometimes  an  increase  in  eosinophiles  is  seen  in  the  circulating  blood;  but 
neither  condition  is  constant.  Plasma  cells  also  may  be  found  in  the  tis- 
sues in  large  or  small  numbers.  Lymphoid  infiltration  in  the  organs, 
such  as  is  seen  in  leuluemia,  is  not  usually  found.     In  fact,  an  important 


Fia.  2B5. — Hodqkin's  Dubase.     Ltupb-hodi  browino  Lakob  Cills. 

characteristic  of  Hodgkin's  disease  is  that  the  lesions  have  a  tendency 
to  remain  in  nodular  form  and  not  to  destroy  the  organ  involved  com- 
pletely, if  we  except  the  lymph-nodes.  There  is  always  a  severe  pro- 
gressive secondary  anemia  with  occasionally  a  high  leucocyte  count, 
though  usually  the  alterations  in  number  and  proportions  of  the  white 
cells  from  the  normal  are  slight.' 

Le  Count  has  recently  described  a  benign  tumor — lymphoma — in  the 

'  tmportant  p«p«™  on  the  histokio'  of  Hod(kin'«  difluse,  with  bibliographj',  are  tho«e"'by 
Lmecofw.  BulL  Ayer  Clin.  Laboralorv,  1003,  No.  I ;  Rrrd.  Johns  Hopkins  Hosp.  Kep..  1002,  x.,  133, 
8>>uri<nu,Jour.  Med.  Ra.,  1903.  jx,.  378  and  K.  Zietiltr.  Die  Hodskinsche  Krankheit,  Jens.  1011,  Inb). 
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groiD  having  the  structure  of  a  lymph-node.'  A  form  of  generalized 
tuberculous  lymphadenitis  which  may  be  mistaken  for  Hodgkin'a  dis- 
ease is  described  above. 

It  is  now  generally  acknowledged  that  the  tubercle  bacillus  can  be 
demonstrated  iu  only  about  ten  per  cent,  of  the  cases  of  typical  Hodgkin's 
disease,  and  repeated  efiforts  to  isolate  the  specific  organism,  stimulated 
by  the  finding  by  Fraenkel  and  Much  of  granular  rods  resembling  bacilli 
in  the  antiformin  centrifugate  obtained  from  nodes,  have  recently  led  to 
the  isolation  by  Negri  and  Mieremet'  of  a  diphtheroid  organism  which 
they  call  Corynebaclerium  granidomatis  maligni.     These  findings  have 


been  confirmed,*  By  the  injection  of  cultures  of  this  bacillus  Bunting 
and  Yates  have  been  able  to  produce  in  the  Macacus  rhesus  a  lymphoid 
hyperplasia  with  proliferation  of  the  stroma  and  eosinophilic  infiltration, 
and  Billings  and  Rosenow*  have  noted  certain  therapeutic  improvements 
following  the  use  of  a  vaccine  made  from  the  organism.  The  fact  that 
similar  diphtheroid  pleomorphic  bacteria  have  been  found  in  carcinomata 
and  isolated  from  the  blood  in  various  diseases  render  necessary  most 

■  Lt  Count,  Jour.  Exp.  Med..  voL  jv..  p.  fiSfi,  1S90.  bibliognphy  of  lymphoma. 

■  NeaH  and  Mirremtl.  Ontralbl.  f.  Bukt..  I,  Abt.  Orig.,  1913,  Uviii..  M2. 

•  Sunli'ne  imd  Yala.  Arcb.  Int.  Hed..  1913,  xii,.  236.  and  Jour  .  Amer.  Mrd.  Aun.,  1013,  Ixi.,  1S03 
Vtrptotgh.  Kehrer.  and  v.  Hoagtnhai/a,  Maachen.  med.  Wchnschr.,  IBM, !»..  115S. 
iBiSinttt  and  Ratmow.  Jour.  Amer.  Med.  Ahu.,  1913,  lii.,  'lli^. 
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critical  studies  of  the  relationships  between  the  newly  found  organism 
and  Hodgkin's  disease,  in  order  to  aflSrm  its  etiological  importance. 

TUMORS. 

Sarcoma  occurs  in  the  lymph-nodes  as  a  primary  and  secondary 
tumor,  and  may  be  of  various  forms:  spindle-celled,  large  and  small 
round-celled,  and  angio-sarcoma.  It  is  not  easy  in  many  cases  to  dis- 
tinguish morphologically  between  the  small  round-celled  sarcomata  and 
the  above-described  Ijrmphomata,  but  in  general  the  leukaemic  and 
pseudo-leukaemic  lymphomata  remain  circumscribed,  while  the  sarco- 
mata tend  to  break  through  the  node  capsule  and  invade  the  surround- 
ing tissues.  Fibroma,  myxoma,  and  chondroma  occur  in  the  lymph- 
nodes,  but  are  rare.  Endotheliomata  are  described,  but  are  not  common.* 
Secondary  carcinomata  of  metastatic  origin  are  of  frequent  occurrence, 
the  form  of  the  cells  and  the  nature  of  their  growth  depending  upon  the 
seat  and  character  of  the  primary  tumors. 

When  the  cells  of  malignant  tumors  are  detached  in  lymph  channels 
and  are  carried  away  in  the  lymph  currents,  they  are  usually  sooner  or 
later  caught  in  the  meshes  of  the  perifollicular  lymph  sinuses  of  the 
nodes.  Here  .they  may  grow,  encroaching  upon  the  lymphoid  tissue  of 
the  node,  which  they  may  finally  largely  or  wholly  replace.  The  node 
is  then  markedly  enlarged  and  harder  than  normal.  After  a  time  the 
proliferating  tumor  cells  may  overcome  the  retarding  action  of  the  lymph- 
node  filter,  and  pass  beyond  them  into  the  veins,  whence  they  may  be 
widely  distributed. 

PARASITES. 

Aside  from  the  various  forms  of  bacteria  which  are  not  infrequently 
found  in  the  lymph-nodes  in  infectious  diseases,  among  the  animsJ  para- 
sites filaria,  trichina,  and  pentastomum  have  been  described. 

HJEMOLYMPH-NODES. 

Numerous  observers  have  described  the  occurrence  in  man  and  certain  of  the  lower 
animals,  under  normal  as  well  as  pathological  conditions,  of  structures  which  resemble 
lymph-nodes,  but  are  usually  smaller  and  are  red  or  mottled  red  and  white.  In  man 
they  are  found  especially  in  the  prevertebral  fat,  in  the  deep  cervical  region,  in  the 
retroperitoneal  region,  near  the  renal  vessels,  and  about  the  rim  of  the  pelvis.  They 
are  normally  present,  but  they  may  be  more  conspicuous  under  certain  pathologi- 
cal conditions — pernicious  amemia,  acute  infections,  intoxications,  etc.  Their  color  is 
due  to  the  presence  of  blood  in  the  sinuses  of  the  nodes.  There  are  numerous  transi- 
tional forms  between  nodes  containing  lymph  sinuses  only  and  those  which  more 
nearly  resemble  the  spleen  in  character.  They  become  more  prominent  and  are 
increased  in  number  after  splenectomy  in  animals.*  These  structures  do  not  appear 
to  be  lymph-nodes  in  which  blood  has  accumulated  from  hyperemia  or  hsmorrfaage. 

»See  £tnna.  Jour.  Med.  Res.,  1913.  N.  S.  xxiii.,  1. 

s  See  Warthin,  Jour.  Med.  Res.,  vi.,  3, 1901,  and  "  Vaughan  Anniveraaiy  Ckmtributkm  to  Ifedkal 
Research."  1903.  p.  216.  For  a  full  and  excellent  summary  of  this  subject,  with  bibliocraphy,  ooo- 
sult  Warthin,  Trans  Chicago  Path.  See.,  vol.  v.,  p.  151,  1902.  For  a  study  of  the  development  of 
ba^molymph-nodes  in  adipose  tissue  see  Pn>c.  Path.  Soc.  of  Phila.,  vol.  vi.,  p.  229,  1903.  Doyton,  Am. 
Jour.  Med.  Sci.,  vol.  cxxvii.,  p.  448,  1904. 


CHAPTER  III. 

THE  SPLEEN  AND  THYMUS. 

The  Spleen. 

General  Characteristics  of  the  Spleen. 

In  studying  the  lesions  of  the  spleen  it  is  important  to  bear  in  mind  the  peculiar 
relations  in  which  this  organ  stands  to  the  blood-vessels  and  to  the  circulation.  After 
passing  through  the  various  branches  of  the  splenic  artery  and  the  limited  systems  of 
capillaries  which  are  associated  with  it,  the  blood  is  not  received  at  once  into  venous 
trunks,  as  in  other  parts  of  the  body,  but  is  poured  directly  into  the  pulp  tissue.  In 
this  it  circulates,  under  conditions  which  render  it  liable  to  stagnation  and  undue  accu- 
mulation, before  it  is  taken  again  into  well-defined  vessels  through  the  open  walls  of 
the  cavernous  veins.  Moreover,  these  conditions,  naturally  unfavorable  to  undisturbed 
and  vigorous  circulation,  are  reinforced  by  the  association  of  the  splenic  with  the 
sluggish  and  often  interrupted  portal  circulation.  Bearing  these  considerations  in 
mind,  it  is  in  a  measure  plain  why,  as  is  in  fact  the  case,  the  spleen  should  be  more 
liable  to  alterations  in  size  than  any  other  organ  in  the  body,  and  why,  serving  as  it 
does  as  a  sort  of  blood  filter,  it  should  be  especially  susceptible  to  the  influence  of 
deleterious  materials  of  various  kinds  which  in  one  way  or  another  gain  access  to  the 
blood.  The  relationship  between  the  lymph- vessels  and  the  spleen  is  also  intimate. 
Finally,  the  spleen  as  a  blood-cell  forming  and  blood-cell  destroying  organ  bears  an 
important  relationship  to  many  abnormal  conditions  in  the  body. 

Malformations  and  Displacements. 

The  spleen  may  be  absent  in  acephalous  monsters,  and  with  defective  development 
of  other  abdominal  viscera.  Absence  of  the  spleen  in  otherwise  normally  developed 
individuals  has  been  recorded.  There  may  in  this  condition  be  a  compensatory  hyper- 
plasia of  the  lymphatic  tissues  of  the  body.^  Small  accessory  spleens ^  from  the  size  o 
a  hazlenut  to  that  of  a  walnut,  are  not  infrequent.  They  usually  lie  close  to  the  spleen, 
but  may  be  at  a  considerable  distance  from  it;  thus  they  have  been  found  embedded  in 
the  head  of  the  pancreas.'  Two  spleens  of  about  equal  size  have  been  observed.  The 
spleen  may  be  made  up  of  several  distinct  lobes.  It  may  be  displaced  congeni tally  or 
as  the  result  of  disease.  It  may  be  on  the  right  side  in  transposition  of  the  viscera 
As  the  result  of  congenital  defects  in  the  diaphragm  the  spleen  may  be  found  in  the 
thorax;  or  in  deficient  closure  of  the  abdominal  wall  it  may,  together  with  other 
abdominal  viscera,  be  found  outside  of  the  body. 

The  spleen  may  be  pressed  downward  by  any  increase  in  the  contents  of  the  thorax, 
It  may  be  bound  by  adhesions  to  the  concave  surface  of  the  diaphragm,  so  that  its 
long  axis  is  nearly  horizontal  instead  of  vertical.  It  may  be  displaced  by  changes  in 
the  contents  of  the  abdominal  cavity.  If  the  organ  be  increased  in  size  it  frequently 
becomes  tilted,  so  that  its  lower  border  reaches  the  right  iliac  region.  If  the  ligaments 
be  too  long  congenitally,  or  if  they  are  lengthened  by  traction,  and  if  the  organ  is  at 
the  same  time  increased  in  weight,  it  may  become  very  movable.  It  may  sink  down- 
ward, with  its  hilus  turned  upward;  or  it  may  be  rotated  on  its  axis,  and,  owing  to 
torsion  of  the  vessels  thus  produced,  the  organ  may  atrophy;  or  the  pressure  of  the 
ligaments  and  vessels  across  the  duodenum  may  cause  occlusion  of  the  gut. 

*  See  Hodenpyl^  Med.  Rec,  vol.  liv.,  p.  695,  1898,  bibl.  For  a  study  of  the  effect  of  splenectomy 
in  animalH  oo  the  hsroolsnnph-nodeB  see  Warthin^  "  Vaughao  Anniversary  Contributions,"  1903,  p.  2161 
For  certain  pathological  relations  of  the  spleen  see  Eppinger,  Berl.  klin.  Wchnsch.,  1913,  lii.,  1509. 

>  Hemolymph-nodes  may  be  mistaken  for  accessory  spleens. 
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WOUNDS,  RUPTURE,  AND  HJEMORRHAGE. 

Wounds  of  the  spleen  are  usually  accompanied  by  extensive  haemor- 
rhage and  are  commonly  fatal.  Death  usually  occurs  as  the  result  of 
this  haemorrhage,  but  it  may  be  due  to  secondary  inflammatory  changes. 
Healing  and  recovery  may,  however,  occur. 

Rupture  of  the  spleen  may  be  traumatic  or  spontaneous.  In  the 
former  case  it  may  be  due  to  direct  violence  in  the  region  of  the  organ 
or  to  injury  to  the  thorax,  falls,  etc.  In  certain  diseased  conditions  the 
spleen  is  more  liable  to  rupture  than  when  it  is  normal.  The  rupture 
usually  involves  not  only  the  capsule,  but  a  more  or  less  considerable 
portion  of  the  parenchyma,  and  of  course  leads  to  haemorrhage.  Spon- 
taneous rupture  is  rare,  but  may  occur  in  excessive  enlargement  of  the 
organ,  as  in  typhoid  fever,  malaria,  etc. — see  below — or  as  the  result  of 
abscess. 

Haemorrhage. — Aside  from  the  extensive  haemorrhages  from  injury 
and  rupture,  the  spleen  may  be  the  seat  of  small  circumscribed  haemor- 
rhages in  various  infectious  diseases,  although,  owing  to  the  peculiar 
distribution  of  the  blood,  it  is  often  very  difiicult  to  distinguish  between 
a  moderate  interstitial  haemorrhage  and  hypersemia.  Sacculated  aneu- 
rism of  the  splenic  artery  has  been  reported. 

ATROPHY. 

Atrophy  of  the  spleen  may  occur  in  old  age;  as  a  result  of  prolonged 
cachexiae,  and  in  connection  with  profound  and  persistent  anaemia;  or, 
more  rarely,  from  unknown  causes.  The  capsule  may  be  wrinkled  and 
thickened,  the  color  pale,  the  trabeculae  prominent,  the  consistence  in- 
creased. The  change  is  largely  in  the  pulp,  whose  parenchyma  cells 
are  decreased  in  number. 

DEGENERATION. 

Amyloid  Degeneration. — This  may  aflfect  the  glomeruli  or  the  pulp 
tissue,  or  both  together.  When  confined  to  the  glomeruli  the  spleen  may 
or  may  not  be  enlarged,  and  the  cut  surface  is  more  or  less  abundantly 
sprinkled  with  round  or  elongated,  translucent  bodies  resembling  consid- 
erably in  general  appearance  the  grains  of  boiled  sago.  These  are  the 
waxy  glomeruli.  Such  a  spleen  is  often  called  "sago  spleen"  (Fig.  298). 
Microscopical  examination  shows  that  the  degeneration  is  confined  to  the 
walls  of  the  arteries,  capillaries,  and  reticulum  of  the  glomeruli,  with 
atrophy  and  often  finally  total  disappearance  of  the  lymphoid  cells. 

In  other  cases,  either  with  or  without  involvement  of  the  glomeruli 
there  is  waxy  degeneration  of  the  blood-vessels  and  reticulum  of  the 
pulp,  which  may  occur  in  patches  or  be  general  and  more  or  less  exces 
sive.  If  the  alteration  is  general  and  considerable,  the  spleen  is  enlarged, 
its  edges  are  rounded,  its  consistence  is  increased.  On  section  it  appears 
translucent,  and  the  distribution  of  the  degenerated  areas  may  be  readily 
seen  by  holding  a  thin  slice  up  to  the  light.  The  spleen  alone  may  be 
affected,  or  there  may  be  similar  degenerations  in  other  organs. 
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PIGUEnTATIOIf. 

This  may  occur  as  the  result  of  the  decompositioii  of  haemoglobin  in 
the  organ  or  elsewhere,  under  a  great  variety  of  conditions:  thus  after 
hiemorrhagic  infarctions,  small  multiple  hsemorrhagea,  acute  hyper- 
plastic splenitis,  and  in  h^emochromatosis,  etc.  Or  the  pigment  may  be 
anthracotic  and  be  brought  to  the  organs  from  the  lungs  or  bronchial 
nodes;  bile  pigment  may  also  be  deposited  in  the  spleen  in  jaundice. 
The  pigment  may  lie  in  the  walls  of  the  smaller  arteries,  in  the  cells  and 
reticulum  of  the  pulp,  or  free  in  the  latter  tissue,  or  in  the  follicles.     It  is 


The  waxy  portkiDa  are  Btsined. 

usually  quite  unevenly  distributed.  The  pigment  may  be  red,  brown, 
or  black.  Anthracotic  pigment  is  deposited  especially  along  the  adven- 
titial sheaths  of  the  arteries.  It  may  be  sometimes  seen  with  the  naked 
eye  in  the  periphery  of  the  glomeruli  as  dark  crescents.  This  pigment, 
derived  from  the  lungs,  has  gained  access  to  the  blood-vessels,  through 
which  it  is  brought  to  the  spleen. 

DISTDBBAITCES  OF  THE  CIRCULATIOn. 

Antemia. — This  may  be  associated  with  general  amemia,  but  it  is  not 
always  present  in  this  condition.  When  marked  and  unassociated  with 
other  lesions  the  spleen  is  apt  to  be  diminished  in  size,  the  capsule  more 
or  less  wrinkled,  the  cut  surface  dry  and  lighter  in  color  than  normal, 
the  trabecule  unduly  prominent. 

In  this,  as  in  other  alterations  simply  of  the  blood  content  of  the 
spleen,  neither  the  gross  nor  microscopical  appearances  are  constant, 
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because  of  the  redistribution  of  blood  which  is  apt  to  occur  in  the  viscera 
after  death. 

Hyperaemia. — Passive  hyperemia  may  occur  in  obstruction  to  the 
portal  circulation,  most  frequently  in  cirrhosis  of  the  liver,  but  also 
with  certain  valvular  lesions  of  the  heart,  emphysema,  etc.  The  spleen 
is  enlarged,  but  usually  only  to  a  moderate  degree.  The  capsule  is  apt 
to  be  tense,  and  on  section  the  pulp  is  dark  red  and  may  be  soft  or  firm. 
The  cavernous  veins  are  dilated  (Fig.  299).  UsuaUy,  when  the  lesion 
has  existed  for  some  time,  there  is  a  thickening  of  the  trabecule  and 
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b.'Dilnlal  oavemoiu  veioa;  c.  trabsculs  ot  pulp  tinue  compressed  betireeci  dilated  cavernous  veins: 
d,  glomenilus. 

reticular  framework  of  the  spleen,  so  that  these  are  prominent  on  section 
In  other  words,  there  is  a  chronic  interstitial  splenitis  following  the 
chronic  congestion. 

Active  hyperjEMIa  of  the  spleen,  which  in  most  cases  is  scarcely 
to  be  differentiated  from  some  forms  of  acute  inflammation,  and  prob- 
ably in  many  eases  is  associated  with  it,  very  frequently  occurs  in  a  great 
variety  of  acute  and  infectious  diseases,  such  as  typhoid  fever,  pneu- 
monia, diphtheria,  pyjemia,  the  exanthemata,  etc.  The  spleen  is 
enlarged,  the  capsule  tense;  on  section  the  pulp  is  soft,  dark  red  in  color, 
often  swelling  out  from  the  cut  surface  and  concealing  the  glomeruli  and 
trabeculse.  Under  these  conditions  the  cavernous  veins  are  distended 
with  blood  and  the  interstices  of  the  pulp  infiltrated  with  a  variable, 
sometimes  large  quantity  of  red  and  white  blood  cells.  Or,  in  addition 
to  this,  there  may  be  hyperplasia  (see  below). 

EmboUsm  and  Infarction  of  the  Spleen. — Embolic  infarcts  of  the  spleen 
are  of  frequent  occurrence.  They  may  be  single  or  multiple,  small  or 
very  large,  sometimes  occupying  half  of  the  organ.  They  usually  arise 
from  the  detachment  of  thrombi  from  the  aorta  or  the  heart  valves. 
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They  are  in  general  approximately  wedge-shaped,  corresponding  to  the 
area  of  tissue  supplied  by  the  occluded  artery  (Fig.  10,  p.  30).  They 
may  be  hamorrhagic,  i.e.,  red,  or  they  may  be  white.  Infarctions, 
originally  red,  may  become  white  after  a  time  from  changes  in  the  blood 
pigment  (Fig.  300).  They  may  usually  be  seen  as  dark  red,  reddish 
white,  or  white,  hard,  sometimes  slightly  projecting  areas  on  the  sur- 
face of  the  organ.  Not  infrequently  the  centre  of  the  infaretion  is  light 
in  color,  while  the  peripheral  zone  is  dark  red.  A  layer  of  fresh  fibrin 
ia  sometimes  seen  over  the  surface  of  the  infaretion.  The  general  as 
well  as  the  microscopical  appearances  which  they  present  depend  largely 
upon  the  age  of  the  infarctions.  In  the  earlier  stages  the  hiemorrhagic 
infarctions  present  little  more  under  the  microscope  than  a  compact 
mass  of  red  blood  cells,  among  which  may  be  seen  the  compressed  paren- 
chyma.    The  white  infaretion  may  show  at  first  an  outline  of  the  splenic 


structure,  but  the  entire  tissue  is  in  a  condition  of  coagulation  necrosis. 
The  tissue  may  disintegrate  and  soften,  and  be  more  or  less  completely 
absorbed,  with  or  without  fatty  degeneration.  A  zone  of  inflammatory 
tissue  may  appear  around  the  infaretion  and  upon  the  capsule,  and  this 
tissue,  becoming  denser,  assume  the  characters  of  a  cicatrix  and  con 
tract  around  the  unabsorbed  remnant  of  the  infarction,  so  that  finally 
nothing  may  be  left  but  a  dense  mass  of  fibrous  tissue,  which  frequently 
draws  in  the  surface,  causing  more  or  less  distortion  of  the  organ.  Thb 
cicatrix  may  be  pigmented  or  white. 

If  the  embolus  be  infective,  in  addition  to  its  mechanical  effects  there 
may  be  suppuration,  gangrene,  and  the  formation  of  abscess.  There 
may  be  perforation  of  the  capsule  and  fatal  peritonitis.  Infarctions  of 
the  spleen  may  follow  thrombosis  of  the  splenic  vein. 

Tlirombosls  of  the  splenic  vein  is  rare  as  a  primary  lesion,  but  it 
may  be  of  secondary  occurrence  in  connection  with  portal  or  mesenteric 
thrombosis,  vdth  other  lesions  of  the  spleen,  or  with  acute  inflammation 
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of  the  pancreas.    Thrombosis  of  the  splenic  vein  has  been  reported 
following  typhoid  fever. 

INFLAlftlCATION. 

Inflammatory  Hyperplasia  {Acute  Hyperplastic  Splenitis,  Acute  Splenic 
Tumor) . — The  conditions  under  which  hyperplasia  and  acute  inflamma- 
tion of  the  spleen  occur  have  already  been  mentioned  under  "Active 
Hypersemia/'  with  which  it  is  usually  associated.  It  is  a  frequent  though 
not  a  constant  accompaniment  of  the  acute  infectious  diseases.  The 
spleen  is  enlarged,  sometimes  to  two  or  three  times  its  normal  size.  On 
section  the  pulp  is  soft,  often  almost  diffluent,  and  projects  upon  the  cut 
surface.  The  color  is  sometimes  dark  red,  sometimes  grajash  red,  or 
mottled  red  and  gray.  The  trabecule  and  glomeruli  are  usually  con- 
cealed by  the  swollen  and  softened  pulp,  but  the  glomeruli  are  sometimes 
unusually  prominent. 

Microscopical  examination  shows  the  marked  increase  in  size  to  be 
due  in  part  to  the  h3rper8emia;  in  part  to  a  swelling  and  increase  in  the 
number  of  cells,  sometimes  of  the  pulp,  sometimes  of  the  glomeruli,  or 
of  both.  There  are  multinu clear  cells;  cells  resembling  the  ovoid  and 
polyhedral  cells  of  the  pulp,  but  larger  and  with  evident  division  of  the 
nuclei.  Cells  resembling  leucoc3rtes  may  be  present  in  large  numbers, 
and  larger  and  smaller  cells  in  a  condition  of  fatty  degeneration,  or  con- 
taining pigment,  are  often  seen.  The  elongated  cells  lining  the  cavernous 
veins  may  be  swollen  or  increased  in  number.  Not  infrequently  the 
larger  and  smaller  cells  contain  red  blood  cells  or  their  fragments.  In 
some  cases,  particularly  in  scarlatina,  hyperplasia  of  the  glomeruli  is  a 
prominent  feature;  in  other  cases,  particularly  in  typhus  and  recurrent 
fevers,  the  cells  of  the  glomeruli  undergo  marked  degenerative  changes, 
so  that  they  may  form  small  softened  areas  looking  like  little  abscesses. 
Focal  necroses  and  areas  of  small-celled  accumulation  or  cell  prolifera- 
tion are  common  in  typhoid  fever  and  other  infectious  diseases  (see 
p.  203).  As  the  primary  disease  runs  its  course  the  swelling  of  the 
pleen  subsides,  the  capsule  appears  wrinkled,  the  color  becomes  lighter, 
and  sometimes  the  organ  remains  for  a  long  time,  or  permanently,  small 
and  soft. 

The  lesions  of  the  spleen  are  in  many  cases  due  to  the  presence  of 
micro-organisms  which  are  usually  present  in  the  spleen  in  septicemia, 
or  they  may  be  due  to  soluble  toxic  substances  in  the  blood.  ^ 

Suppurative  Splenitis  {Splenic  Abscess). — Small  abscesses  may  be 
found  in  the  spleen  as  the  result  of  minute  infectious  emboli,  and  these 
may  coalesce  to  form  larger  abscesses.  Sometimes  the  entire  paren- 
chyma is  converted  into  a  soft,  necrotic,  purulent  mass  surrounded  by 
the  capsule.  It  is  rare  for  simple  infarctions  to  result  in  abscess.  Ab- 
scess of  the  spleen  may  occur  from  the  propagation  of  a  suppurative 
inflammation  to  the  organ  from  adjacent  parts;  from  perinephritic 

*  For  a  study  of  the  r&le  of  the  spleen  in  infections  see  Courmoni  and  Duffau,  Arch,  de  mM.  exp^ 
z..  p.  431,  1898,  bibL 
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abscesses,  ulcer  and  carcinoma  of  the  stomach,  etc.  They  may  open 
into  the  peritoneal  cavity,  inducing  fatal  peritonitis,  or,  owing  to  an 
adhesive  inflammation,  the  opening  may  occur  into  the  post-peritoneal 
tissue,  into  the  pleural  cavity,  lung,  stomach,  intestines,  or  they  may 
open  on  the  surface.  On  the  other  hand,  the  contents  of  the  abscess  may 
dry,  shrink,  and  become  encapsulated  and  calcified.  Abscesses  may 
occur  in  ulcerative  endocarditis,  pysemia,  typhoid  fever,  and,  more  rarely, 
in  intermittent  fever,  and  under  a  variety  of  other  conditions. 

Chronic  Indurative  Splenitis  (Chronic  Splenic  Tumor). — There  may  be, 
as  we  have  already  seen,  a  new  formation  of  connective  tissue  in  the 
spleen  as  a  result  of  chronic  congestion  or  infarctions,  or  about  abscesses. 
But  there  is  a  more  diffuse  formation  of  connective  tissue,  usually  in  the 
nature  of  a  hyperplasia,  which  occurs  under  a  variety  of  conditions, 
and  is  now  marked  and  extensive,  and  again  comparatively  ill-defined. 
It  is  always  associated  with  more  or  less  extensive  changes  in  the  paren- 
chyma. In  its  most  marked  form  it  is  found  in  chronic  malarial  poison- 
ing; and  under  these  conditions  it  may  be  found  not  only  in  persons  who 
have  suffered  from  repeated  attacks  of  intermittent  fever,  but  also  in 
those  who  have  not  thus  suffered  but  have  resided  in  malarial  regions. 
The  enlarged  spleen  is  often  called  "ague  cake."  Similar  conditions, 
though  usually  less  marked,  may  occur  in  congenital  and  acquired 
syphilis,  from  prolonged  typhoid  fever,  and  as  a  result  of  acute  hyper- 
plastic splenitis  from  various  causes,  and  also  in  leuktemia  and  pseudo- 
leu  kie  mi  a. 

The  gross  appearance  of  the  spleen  in  chronic  indurative  splenitis 
varies  greatly,  both  in  the  size  of  the  organ  and  in  the  appearance  of  the 
section.     The  spleen  may  be  enormously 
enlarged  or  it  may  be  of  about  normal  size. 
It  is  usually,  however,  enlarged.     The  cap- 
sule is  commonly  more  or  less  thickened, 
frequently  unevenly  so.     The  consistence 
is  as  a  rule  considerably  increased,  but  this 
is  not  always  the  case.     The  color  and  ap- 
pearance of  the  cut  surface  present  much 
variation.     It  may  be  nearly  normal  or  it 
may  be  grayish,  or  dark  brown,  or  nearly 
black.     The  color  may  be  uniform  or  the 
surface  may  be  mottled.      The  glomeruli        ^    „„,     «__ 
may  be  scarcely  visible  or  very  promment;  sflchitu. 

the  trabeeula  are  in  some  cases  nearly  con- 
cealed by  the  pulp;  in  others  they  are  large, 
prominent,  and  abundant,  so  that  the  sur- 
face is  crossed  in  all  directions  by  an  interlacing  network  of  broader  and 
narrower  irregular  bands,  between  which  the  red  or  brown  or  blackish 
pulp  lies. 

Not  less  varied  are  the  microscopical  appearances  of  the  spleen  under 
these  conditions.  In  one  class  of  cases  there  is  more  or  less  uniform 
hyperplasia  of  both  pulp  and  interstitial  tissue.     The  parenchyma  cells 
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are  increased  in  size  aad  number;  there  may  be  swelling  and  prolifera- 
tion of  the  lining  cells  of  the  cavernous  veins  (see  Fig.  301).  The  retic- 
ulum of  the  pulp,  as  well  as  that  of  the  glomeruli,  and  also  the  trabecule, 
are  thickened.     In  another  class  of  cases  the  thickening  of  the  reticular 


and  trabecular  tissue,  either  uniformly  or  in  patches,  is  the  prominent 
feature  (Fig.  302),  while  the  changes  in  the  pulp  are  rather  secondary 
and  atrophic.     In  both  forms  irregular  pigmentation  is  frequent,  the 
pigment  particles  being  deposited  either  in  the  cells  of  the  pulp  or  glom- 
eruli, or  in  the  new-formed  interstitial  tissue 
(Fig,  303) .     Finally,  there  are  all  intermediate 
forms  of  induration  between  those  described, 
and  the  changes  are  by  no  means  uniform  in 
the  same  organ.     When  these  spleens  are  large 
they  are  liable  to  displacement. 

^philltic  splenitis. — This  lesion  may  pre- 
sent itself  as  an  indurative  process  due  to  the 
formation    of    new    connective    tissue,    and 
present  no  distinct  morphological  character- 
showinT  tt^^iL  '^'hi        'stics.     In  Fare  cases,  however,  gummata  may 
tiBbeouiu  Datwork  of  the  pulp.        be    present    in    connection    with    the    new 
wito  pigmeniatkii.  of  th,  p«ip        fi^rous  tissue;  then  the  nature  of  the  lesion  is 
evident. 
Tuberculous  Splenitis. — This  lesion  is  usually  secondary  to  tuberculous 
inflammation  in  some  other  part  of  the  body,  or  is  the  result  of  the  gen- 
eral infection  in  acute  general  miliary  tuberculosis.     The  tubercles  may 
be  very  numerous  and  still  invisible  to  the  naked  eye,  or  they  may  be 
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just  visible,  or  as  large  as  a  pin's  head,  and  very  thickly  strewn  through 
the  organ  or  sparsely  scattered.  In  other  cases  the  tubercles  are  larger, 
sometimes  as  large  as  a  pea  (Fig.  304) ,  and  they  are  then  ordinarily  not 
numerous.  Microscopically  they  present  the  usual  variety  of  structure, 
sometimes  as  simple  tubercle  granula,  sometimes  as  conglomerate  tuber- 
cles; they  may  consist  simply  of  a  collection  of  small  spheroidal  cells, 
or  there  may  be  larger  polyhedral  cells  and  giant  cells  with  a  well-defined 
reticulum.  Cheesy  degeneration  occurs  under  the  usual  conditions. 
Tubercle  bacilli  are  commonly  present,  particularly  in  the  more  acute 
forms,  sometimes  in  small,  sometimes  in  enormous  numbers.  They  seem 
to  be  especially  abundant  in  acute  general  miliary  tuberculosis  of  chil- 


dren. These  tubercles  may  be  formed  in  the  glomeruli,  in  the  walls 
of  the  smaller  arteries,  in  the  pulp  tissue,  and  in  the  trabecute  and  cap- 
sule. Owing  to  the  peculiar  character  of  the  spleen  tissue  the  earlier 
stages  are  not  readily  recognized,  since  simple  collections  of  small  sphe- 
roidal cells  are  not  distinctly  outlined  against  the  normal  tissue.  There 
is  frequently  a  moderate  swelling  of  the  spleen,  owing  to  hyperfemia  and 
hyperplasia  of  the  parenchyma.' 

Peilsplenitts. — Acute  inflammatiox  of  the  capsule  of  the  spleen 
may  occur  as  a  part  of  a  general  or  localized  peritonitis,  or  as  a  result 
of  lesions  of  the  spleen  itself,  such  as  infarctions,  abscesses,  and  acute 
hyperplastic  inBammation.  Under  these  conditions  a  fibrinous  pellicle, 
with  more  or  less  pus,  may  be  formed  on  the  surface  of  the  organ. 
Chronic  inflammation,  resulting  in  the  production  of  new  connective 
tissue,  either  in  patches  or  as  a  more  or  less  general  thickening  of  the 
capsule,  is  of  frequent  occurrence.  It  may  follow  acute  inflammation  of 
the  capsule,  or  be  a  part  of  general  or  localized  chronic  peritonitis.    It 

■  For  Itudy  of  tuberculous  of  apleen.  with  Inbl..  ate  WialemUi.  Anb.  Int.  Med.,  lSt2,  ix.,  eSO. 
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ia'common  in  connection  with  chronic  indurative  splenitis,  and  it  msy 
occur  from  unknown  causes.  Sometimes  the  capsule  is  three  or  four 
millimetres  in  thickness  over  a  considerable  area;  sometimes  very  small 
nodular  thickenings  or  papillary  projections  occur.  As  a  result  of  this 
process,  adhesions,  sometimes  very  extensive,  may  form  between  the 
spleen  and  adjacent  parts.  The  thickened  capsule  is  sometimes  more 
or  less  extensively  calcified. 

CHROinC  EKDOTHELLa  HYPERPLASIA  OF  THE  SPLEEN.     ('Trimair 
Splenomegaly.") 

Bovaird  has  recently  described  a  slowly  progressive  lesion  developing 
in  early  life  in  which  the  spleen  was  greatly  enlarged  and  firm  in  tex- 
ture, presenting  on  section  numerous  irregular  white  or  yellowish  areas, 
extending  from  the  capsule  into  the  substance  of  the  organ.     The  splenic 
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and  mesenteric  lymph-nodes  and  the  liver  were  enlarged.  On  micro- 
scopic examination  the  spleen  lesion  was  found  to  consist  largely  of  o.u 
excessive  proliferation  of  the  endothelial  cells  of  the  pulp  (Fig.  305),  in 
part  alone,  in  part  associated  with  fibrous  hyperplasia.  Similar  endo- 
thelial hyperplasia  occurred  in  the  splenic  and  mesenteric  IjTnph-nodes 
and  in  the  connective  tissue  of  the  liver.  There  was  marked  pigmenta- 
tion of  the  involved  lymph-nodes  and  in  the  liver  lesion.  This  condition 
has  apparently  been  several  times  described ,  but  has  been  usually  regarded 
as  tumor  rather  than  endothelial  hyperplasia.  ^ 

JKX.,  p.  377.  leOO;  BrtD.'Jdn* 
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ALTERATIOITS  OF  THE  SPLEES  DV  LEUKiEUIA  AHD  PSEnDO-LBXTKiEHU. 

The  lesions  of  the  spleen  are  essentially  similar  in  both  of  these  con- 
ditions. They  consist,  in  general,  of  a  hyperplasia,  sometimes  most 
marked  in  one,  sometimes  in  another,  of  the  structural  elements  of  the 
organ,  but  they  usually  all  participate  in  the  alterations.  The  changes 
which  occur  in  the  earlier  stages  are  but  little  known  (Fig.  306).  The 
gross  appearances  of  the  spleen  vary.  It  is,  as  a  rule,  enlarged  and  some- 
times is  ten  or  fifteen  times  the  normal  size.     It  is  commonly  hard,  but 


Fio.  300, — Houokin'b  Disease.     Suowino  Laroe  Cell  Htpehplasia  in  Spleen. 

is  sometimes  of  the  ordinary  consistence,  or  softer,  and  the  capsule  is  gen- 
erally thickened  and  rough  (Fig.  307).  The  section  of  the  spleen  may  be 
of  a  uniform  dark  red  color,  but  it  is  more  frequently  mottled  red  and 
gray.  Sometimes  the  glomeruli  are  inconspicuous,  but  they  are  very 
often  enlarged  and  prominent.  They  may  be  two  to  four  millimetres  in 
diameter,  and,  owing  to  an  infiltration  of  the  arterial  sheaths  with  lymph 
cells,  may  appear  to  the  naked  eye  as  grayish,  round  or  elongated  bodies, 
arranged  along  branching,  interrupted,  grayish  streaks.     The  trabeculffi 
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may  be  greatly  thickened,  as  also  the  reticulum  of  the  pulp,  so  as  to  be 
evident  to  the  naked  eye.  Brown  or  black  pigment  may  be  collected 
around  the  glomeruli  or  in  the  pulp.  H:emorrhagic  infarctions  or  cir- 
cumscribed extravasation  a  of  biood  may  further  complicate  the  picture. 

Microscopically  the  appearances  are  essentially  the  same  as  those 
above  described  in  acute  hyperplasia  and  in  chronic  interstitial  splenitis, 
depending  upon  the  stage  and  variety  of  the  disease.     Owing  to  the  great 


size  which  some  such  spleens  attain  they  are  liable  to  displaGement, 
and  they  may  interfere  by  pressure  with  the  functions  of  neighboring 
organs. 

TUMORS. 

Primary  tumors  of  the  spleen  arc  rare.     Small  fibromata,  sarconut*) 
and  cavernous  angiomata  sometimes  occur.     Sarcoma  and   cardn(Kiu 

may  occur  in  the  spleen  secondarily  either  as  metastatic  tumors  or  by 
extension  from  some  adjacent  part,  as  the  stomach.  Dermoid  cysB 
are  described,  but  are  rare.  Other  larger  and  smaller  cj-sts,  whose  mode 
of  origin  is  in  most  cases  obscure,  not  infrequently  occur;  some  of  these 
may  be  lymphangiomata.' 

v.,  p.  13. 1M4. 
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PARASITES. 


Pentastomum  denticulatum  is  not  infrequently  found  in  the  spleen, 
usually  encapsulated  and  calcified.  Cysticercus  is  rare.  Echinococcus 
is  occasionally  found,  and,  if  the  cysts  are  large  or  numerous,  may  cause 
more  or  less  extensive  atrophy  of  the  organ. 

Various  forms  of  bacteria  have  been  found  in  the  spleen.  The  pyo- 
genic coed  have  been  found  in  pysemia,  smallpox,  ulcerative  endocar- 
ditis, diphtheria,  and  under  other  conditions.  The  Bacillus  anthracis 
occurs  here  in  anthrax;  the  Bacillus  tuberculosis  in  tuberculous  inflam- 
mation; and  typhoid  bacilli  in  typhoid  fever.  Spirochsete  Obermeieii  may 
be  present  in  relapsing  fever. 

The  Thymus. 

MALFORMATION  AND  HYPERTROPHY. 

Small  accessory  thymus  glands  are  occasionally  found  near  the  thyroid. 

It  is  usual  for  the  development  of  the  thymus  to  reach  its  height  in  the  early  years 
of  life.  It  then  undergoes  involution  or  atrophy,  losing  its  epithelial  characters  and 
becoming  largely  composed  of  lymphoid  cells.  It  is  finally  represented  in  old  age  by  a 
small  mass  of  fat  tissue.  Occasionally,  however,  the  thymus  persists  until  youth  or 
middle  age  *  (Fig.  275).  Furthermore,  it  may  become  enlarged — so-called  hypertrophy 
of  the  thymus.  The  enlargement  is,  however,  due  to  a  hyperplasia  rather  than  hyper- 
trophy: the  new-formed  tissue  may  present  a  more  or  less  marked  lobulated  or 
glandular  appearance.  This  new-formed  tissue,  according  to  the  studies  of  Sultan 
and  Lochte,  may  be  largely  composed  of  lymphoid  cells,  or  of  larger  polyhedral  cells, 
so-called  "epithelioid"  cells.'    Focal  necroses  have  been  recorded  in  diphtheria. 

HEMORRHAGE. 

Small,  and  sometimes  large,  hsemorrhages  are  occasionally  seen  in  the 
thjrmus  of  young  children  as  the  result  of  venous  congestion  in  asphyxia, 
poisoning,  etc.    They  may  also  occur  in  the  haemorrhagic  diathesis." 

INFLAMMATION. 

Suppurative  inflammation  of  the  thymus  is  of  occasional  occurrence, 
and  is  usually  secondary  to  a  similar  inflammatory  process  in  some  other 
part  of  the  body.  Tuberculous  and  syphilitic  lesions  of  the  thymus  are 
described,  but  are  rare. 

TUMORS. 

Sarcoma  of  the  spheroidal-cell  form  is  the  most  common  tumor; 
Angioma,  Endothelioma,  and  Dermoid  Tumors  are  recorded. 

1  For  the  significance  of  a  pereistent  thymus  in  certain  cases  of  sudden  death  see  Norton^  Phila. 
Hed.  Jour.,  vol.  i.,  p.  249,  1898,  bibl.;  also  ref.  to  Excing^  p.  1.  On  the  relationship  of  hyperplasia  in  a 
persistent  Uijrmus  to  Hodgkin's  disease  consult  Brigidi  and  Piccoli,  Ziegler*s  Beitr.  s.  path.  Anat., 
etc.,  Bd.  xvi,  p.  388,  1894.  For  a  study  of  the  weight  of  the  thymus  in  infancy  see  Bovaird  and 
NieoUt  Arch,  of  Pediatrics,  Sept.,  1906.  For  a  thorough  and  admirable  study  of  the  normal  and  path- 
ological histology  of  the  thjrmus  see  Pappenkeimer,  Jour.  Med.  Res.,  xxii.,  1,  1910. 

s  See  LodUe,  Centbl.  f.  allg.  Path.  u.  path.  Anat.,  Bd.  x.,  p.  1,  1899,  bibl. 

•  For  a  study  of  "Apoplexy"  of  the  thymus  see  Mendelsohn,  Arch.  f.  Kinderheilkunde,  Bd.  xliv., 
p.  1.  1006. 


CHAPTER  IV. 

THE  THYROID  AND  ADRENALS. 

The  Thyroid. 

Malformations. 

The  thyroid  gland  is  sometimes  very  small,  either  as  the  result  of  atrophy  or 
as  a  congenital  deficiency.  For  the  relationship  of  this  condition  to  cretinism  and 
myxoedema  see  page  429. 

The  thyroid  may  be  irregularly  lobulated.  There  may  be  small  accessory  glands 
situated  at  some  distance  from  the  normal  position,  as  in  the  mediastinum  or  pleura.' 

DEGENERATION. 

Colloid  degeneration  of  the  epithelial  cells  of  the  gland,  and  the  filling 
of  the  alveoli  with  colloid  material,  are  of  common  occurrence,  and  when 
in  moderate  degree  may  be  regarded  as  normal,  since  a  certain  amount  of 
this  change  is  found  in  many  otherwise  apparently  normal  glands.  It 
may  occur,  however,  to  such  an  extent  as  to  constitute  an  important 
lesion  (see  below). 

Amyloid  degeneration,  particularly  of  the  blood-vessels,  is  of  infre- 
quent occurrence. 

Hyaline  degeneration  of  the  stroma  of  the  thyroid  may  occur. 

DISTURBANCES  OF  CIRCULATION. 

Hyperaemia  of  the  thyroid  gland,  often  accompanied  by  considerable 
enlargement  of  the  organ,  may  be  the  result  of  valvular  disease  of  the 
heart;  it  occurs  in  Basedow's  disease;  it  may  be  temporary  or  perma- 
nent, and  in  the  latter  case  may  be  associated  with  the  formation  of  new 
connective  tissue.  Haemorrhages  may  occur,  leading  to  cysts  and  to 
pigmentation  of  the  organ. 

INFLAMMATION.     (Strumitis.) 

Inflammation  of  the  thyroid  gland  is  not  very  common  and  may  occur 
under  a  variety  of  conditions,  especially  in  infectious  diseases,  septi- 
caemia, typhoid  fever,  diphtheria,  etc.  It  may  result  in  the  formation  of 
larger  and  smaller  abscesses  or  in  the  production  of  new  connective 
tissue  which  may  be  associated  with  atrophy  of  the  parenchyma.  Tuber- 
culous inflammation,  with  the  formation  of  miliary  tubercles,  is  of  infre- 
quent occurrence.'  Sjrphllitic  inflammation,  with  the  formation  of 
gummata,  has  been  described,  but  is  rare.' 

>  For  references  to  studies  on  removal  and  transplantation  of  the  thyroid  see  foot-note,  p.  78. 

*  See  Roger  and  Gamier,  Arch  g6n.  de  m^d.,  t.  iii.,  p.  385,  1900,  bibl. 

'For  a  study  of  the  normal  and  pathologic  histology  of  the  thsrroid,  with  bibl.,  see  Erdhdm, 
Ziegler's  Beitr.,  Bd.  xxxiii.,  1903.  p.  159.  For  myxoedema  and  Basedow's  disease  see  pp.  429  and  431 
For  relations  of  thyroid  to  pregnancy  see  Ward,  Surgery,  Gynecology,  and  Obstetrics,  ix.,  617, 1909. 
For  relations  of  thyroid  hyperplasia  to  various  diseases  and  infections  see  FarratU^  Brit.  Med.  Jour., 
1914,  i.,  p.  470. 
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;STRUHA.     (Hjrperpksia  of  the  Thyroid;  Goitre.) 

Among  the  most  important  of  the  lesions  of  the  thyroid  is  the  enlarge- 
ment of  the  organ  commonly  known  as  the  goitTe  or  struma.  The 
enlargement  of  the  gland  may  occur  in  several  ways.  Thug,  a  simple 
hypenemia  may,  as  above  stated,  lead  to  considerable  enlargement  of 
the  organ,  and  this  is  sometimes  called  struma  kypercemica.  The  true  goi- 
tre, however,  consists  in  the  enlargement  of  the  old  and  the  formation 
of  new  gland  alveoli,  while  with  these  changes  there  is  very  frequently 


associated  a  greater  or  less  amount  of  colloid  degeneration.  When  there 
ia  new  formation  of  gland  tissue  the  growth  has  the  character  of  an  ade- 
Tioma.  The  hyperplasia  may  occur  diffusely,  so  that  the  whole  gland  ia 
more  or  less  enlarged;  or  it  may  occur  in  the  form  of  circumscribed  nod- 
ules. When  the  colloid  degeneration  is  prominent,  so  that  the  tumor 
has  a  gelatinous  appearance,  it  is  called  colloid  struma  (Fig.  SOS).'  Accu- 
mulations of  fluid,  blood,  colloid,  etc.,  in  the  old  or  new-formed  alveoli, 
may  lead  to  dilatation  and  atrophy  of  the  walls  of  the  alveoli,  so  that 
cysts,  sometimes  of  large  size,  are  formed.  Thus  occurs  the  cystic  struma. 
Again,  the  blood-vessels  may  undergo  marked  dilatation,  so  that  we  may 
have  a  telangiectatic  struma;  or  cavernous  angiomata  may  form  within 
goitres.  Very  frequently  all  these  varieties  of  lesions  are  present  in  the 
same  goitre.  The  appearances  may  be  rendered  still  more  complex  by 
the  occurrence  of  hemorrhages  and  pigmentation,  calcification,  purulent 

'Foritudy  of  patludacioal  uiatom;  of  tbyroid  >c«  Jlfantu  and  LtnAarf,  Arch.  Int.  Ued..  1911,  vii  , 
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or  indurative  inflammation  (strumitis),  and  by  the  not  very  infrequent 
association  with  carcinoma  and  sarcoma.  The  excitants  of  goitre  are  not 
well  understood.  The  growth  is,  as  a  rule,  slow,  but  occasionally  a  very 
rapid  enlargement  occurs  as  the  result  of  a  sudden  increase  of  the  col- 
loid degeneration.  In  many  cases  even  very  large  goitres  give  rise  to 
but  moderate  inconvenience,  but  they  may  assume  great  significance  by 
encroaching  upon  neighboring  parts.  Thus  death  may  be  caused  by 
pressure  on  the  trachea,  oesophagus,  or  on  the  large  vessels.  For  lesions 
frequently  observed  in  exophthalmic  goitre  see  page  432. 

TUMORS. 

Some  of  the  forms  of  goitre  above  described  may  be  regarded  as 
tumors  or  may  be  associated  with  tumors.  Sarcoma  and  endothelioma 
are  the  most  common  tumors  of  the  thyroid. 

Sarcoma,  either  spheroidal  or  spindle-celled,  may  occur  as  primary 
tumors  in  the  thyroid,  either  in  otherwise  normal  glands  or  in  connec- 
tion with  struma.^  Melano-sarcoma  has  been  observed.  Secondary 
sarcomata  are  rare. 

Primary  carcinoma,  both  glandular  and  scirrhous,  occurs  in  the  thy- 
roid, and,  particularly  in  the  softer  forms,  may  spread  to  adjacent  parts 
and  occasionally  form  distant  metastases.  Dermoid  cysts  are  of  occa- 
sional occurrence.'     Blood  cysts  are  frequently  found." 

PARASITES. 
Echinococcus  cysts  have  been  found  in  the  thyroid. 

PARATHYROID  GLANDS. 

Closely  connected  with  the  thyroid,  occasionally  within,  sometimes  without  its 
capsule,  are  four  small  gland-like  bodies,  usually  two  on  each  side.  These  are  the 
parathyroids  ("epitheUal  bodies")  and  are  apparently  in  some  way  associated  with 
the  thyroid  in  function.*     There  may  be  accessory  parathyroids. 

The  parathyroids  appear  to  be  of  great  importance  in  the  metabolism  of  the  body, 
since  their  complete  removal  apparently  usually  leads  to  fatal  tetany.  It  has  been 
shown  by  MacCallum  and  Voegtlin*  that  the  calcium  salts  of  the  body  are  rapidly 
excreted  on  the  removal  of  the  parathyroids  in  dogs,  and  that  the  sjrmptoms  of  tetany 
following  the  removal  cease  on  the  administration  of  calcium  salts.  It  is  inferred 
from  these  observations  that  the  parathyroids  control  the  calcium  metabolism  of  the 
body.  Berkeley  and  Beebe'  conclude  from  their  experiments  that  the  symptoms 
following  removal  of  the  thyroid  are  due  to  deranged  metabolism  giving  lise  to  some 
active  poison  and  not  to  the  abnormal  excretion  of  calcium. 

1  Conault  for  summary  of  observations  on  sarcoma  of  the  thyroid,  Morf^  Jour.  Am.  Med.  A«'n« 
vol.  xxxii.,  p.  911,  1899,  bibl. 

'  For  a  risumi  of  mixed  tumors  of  the  thyroid  see  Leo  LoA^  Am.  Jour.  Med.  Sci.,  voL  ezxr.,  p. 
243,  1903. 

»  For  a  study  of  hsemorrhagic  cysts  of  the  thyroid  see  Bradley,  Jour.  Exp.  Med.,  vol.  L,  p.  40L 
1896. 

*For  a  study  of  the  parathyroids,  with  bibl.,  see  Thompson^  Jour.  Med.  Res.,  vol.  xv.,  p  399, 
1906. 

*  MacCallum  and  Voei/tlin,  Johns  Hopkins  Hosp.  Bull.,  xix.,  91,  1908,  and  Jour.  Exp.  Med.,  xi, 
118,  1909. 

•  Berkeley  and  Beebe,  Jour.  Med.  Res.,  xx.,  149,  1909. 
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The  parathyroids  may  be  the  aeat  of  tumors.'  Other  lesions  have  been  described, 
but  the  nature  and  pathology  of  these  organs  are  too  little  understood  to  permit  of 
further  consideration  of  them  here.' 

The  Adrenals.     (Suprarenal  Bodies,  Suprarenal  Capsules.) 
HoUoimationB. 

In  acephatic  and  other  monsters  the  adrenals  may  be  atrophied  or  entirely  absent. 
Sometimes  in  well-formed  adults  these  organs  cannot  be  discovered.  There  may  be 
little  rounded  nodules  loosely  attached  to  the  surface  of  the  adrenals  and  having  the 
same  structure.  Accessory  and  misplaced  adrenals  ore  not  uncommon.  A  few  cases 
have  been  reported  of  accessory  adrenals  in  the  broad  ligament.'  They  may  be 
preeent  in  the  liver.* 

If  one  kidney  be  absent  or  in  an  abnormal  position  its  adrenal  usually  retains  its 
proper  position.' 

ATROPHY  AKD  DEGEHERATIOK. 
Atrophy  of  the  adrenals  may  be  extreme. 

Fat  Infiltration.— An  accumulation  of  fat  or  of  myelin  droplets'  in 
the  cortical  portion  is  the  rule  in  the  adult.     It  sometimes  occurs  in 


nodular  areas  (Fig,  309).     In  children  under  five  years  of  age  it  is  patho- 
logical. 

Amyloid  degeneration  may  involve  both  the  cortical  and  medullary 
portions.  In  the  cortex  it  usually  involves  only  the  walls  of  the  blood- 
vessels; in  the  medulla  both  the  blood-veasels  and  the  cells  of  the  paren- 

■  ate  MaeCaUum.  Johni  Hopkini  Hoap.  Bull.,  vol.  ivi..  p.  87,  1905:  abo  WtichieOMiiim,  Virfa. 
Dnit  Path.  Ge»,.  Bd.  i.,  p.  83, 1907. 

'For  tmiapkntatioD  o{  pantbyroidg  see  TAompvn  uid  LtiehUin,  Jour.  Med.  Rm..  zd..  13S, 

lUDde— Abth. 
iatt.,  Bd.  XXV..  p.  381.  ia04. 

'or  ooTuidentioD  of  nlatiooebip  of  the  odreDSli  to  the  oervous  9yst«m  see  Alexaader,  Zieclei'i 
I.  pBth.  Anst.,  Bd.  jL,  p.  145,  1S92.  bibl. 

'ora  itady  of  myelin  aubelaaca  in  the  sdiennl  see  Af  cmnann.  ArbeitcD  a.  d.  psUi.  Init.,  Tabingen. 
p.  417,  1906. 
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chyma  may  undergo  this  degeneration.     The  organs  are  usually  firm 
and  have  a  grayish,  semitranslucent  appearance. 

Pigmentation  of  the  inner  cortical  zone  is  frequent  in  old  persons. 
Focal  necroses  may  occur  in  infections. 

THROMBOSIS  ASD  HSHORSHAOE. 

Venous  and  capillary  thromboais  may  occur. 

In  children,  soon  after  birth,  it  is  not  very  infrequent  to  find  large 
hiemorrhages  in  one  of  the  adrenals,  converting  it  into  a  cyst  filled  with 
blood  (Fig.  310).     This  lesion  has  been  observed  in  a  few  cases  in  adults.' 

DIFLAHHATIOB. 

Suppurative  inflammation,  with  the  formation  of  abscesses,  has  been 
seen  in  a  few  cases. 

The  most  frequent  lesion  of  the  adrenals  is  tuberculous  inflammatloii. 
They  are  usually  increased  in  size;  their  surfaces  are  smooth  or  nodular. 


The  normal  structure  of  the  gland  is  more  or  less  replaced  by  tubercle 
tissue,  which  usually  undergoes  cheesy  degeneration  and  may  soften. 
Fibrous  tissue  may  form  in  considerable  amount.  For  a  consideration 
of  the  relationship  of  lesions  of  the  adrenals  to  Addison's  disease  see  page 
433.' 

Syphilitic  inflammation,  with  and  without  the  development  of  gu""- 
mata,  ia  of  occasional  occurrence. 

■  For  bibl.  ■««  Arnaud.  Arch.  g*n.  de  mSd..  t.  iv.,  p.  B,  1000. 

■For  relerence  to  nature  of  ndmutt  Becretioil,  etc.,  see  Abtl,  rool-DOM.  p.  tSt.    Fortitwlra 
pkUwIogy  of  adreDBts  see  Karataulieg.  Ziegltr's  Beitr..  Bd.  ixxii..  p.  373,  1906,  bibL;  tec  tl^'" 
.„...,.„  ...J    ._.._    .__.  ■-„iv„  p.  283.  leoe.  bibl. 
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TUMORS. 

Sarcoma,  glioma,^  and  endothelioma  occur  in  the  adrenals. 

Neuroma. — Ganglionic  neuromata  have  been  described  by  Weichsel- 
baum  and  Freeman. 

Adenoma  of  the  adrenals,  resembling  in  type  the  structure  of  the 
cortex,  may  form  as  small  encapsulated  nodules  or  as  large  vascular 
tumors,  often  necrotic  and  haemorrhagic,  which  may  invade  the  neigh- 
boring vessels  and  form  metastases.  This  condition  has  been  called 
stroma  suprarenalis  Upomatosa.  The  so-called  fat  droplets  here,  as  in 
the  normal  suprarenal,  are  probably  myelin.  Some  of  the  so-called 
adenomata  of  the  kidney  are  adenomata  of  displaced  accessory  adrenals 
(see  p.  777). 

Carcinoma  is  not  common,  but  may  be  primary  or  secondary.^ 

The  Carotid  Gland. 

This  is  a  small  ductless,  encapsulated  structure,  five  to  seven  milli- 
metres long,  lying  at  the  bifurcation  of  the  carotid  artery.  It  is  com- 
posed of  a  connective-tissue  framework  and  masses  of  polyhedral  cells 
grouped  with  tufts  of  blood  capillaries.  It  contains  many  nerves.  It 
is  believed  to  be  analogous  to  the  adrenals,  hypophysis  cerebri,  and 
coccygeal  gland.  The  carotid  gland  is  occasionally  the  point  of  origin 
of  lobulated  tumors.  These  have  been  called  angio-sarcoma,  endo- 
thelioma, perithelioma.^ 

>  For  a  study  of  glioma  of  sympathetic  and  adrenal,  see  Schilder^  Frankfurter  Zeitschr.  f  Path., 
iii..  317,  1909. 

'  For  bibliography  of  primary  malignant  tumors  of  the  adrenab  see  Ramsay,  Johns  Hopkins 
Hospital  Bulletin,  vol.  x.,  p.  20.  1899.     DavU,  Arch.  Int.  Med.,  1911,  viii  ,  61. 

*For  a  study  of  carotid  tumors  see  Keen  and  Funke,  Jour.  Amer.  Med.  Assn.,  vol.  xlvii.,  pp.  469 
tnd  566.  1906.  bibl. 


CHAPTER  V. 

THE  CIRCULATORY  SYSTEM. 

The  Pericardium. 

INJURIES. 

The  pericardium  may  be  injured  by  penetrating  weapons,  by  gunshot 
wounds,  and  by  fragments  of  bone.  It  may  be  ruptured  by  severe  con- 
tusions of  the  thorax,  and  by  rapid  extravasation  of  blood  into  the 
pericardial  sac.  Perforations  may  occur  with  empyema,  mediastinal 
abscesses,  abscesses  of  the  chest  wall  and  of  the  liver,  or  in  connection 
with  aneurisms  of  the  aorta  and  suppurative  inflammation  of  the  peri- 
cardium. 

HAEMORRHAGE.     (Haemopericardium.) 

Extravasations  of  blood  into  the  cavity  of  the  pericardium  may  follow 
woimds  and  rupture  of  the  heart,  rupture  of  the  aorta  and  of  aneurisms, 
and  may  occur  with  pericarditis  from  the  rupture  of  new-formed  blood- 
vessels. Small  extravasations  in  the  substance  of  the  pericardium  are 
found  with  scurvy,  purpura,  and  in  infectious  diseases. 

HYDROPERICARDIUM.     (Dropsy.) 

At  autopsies  a  few  hours  after  death  a  few  cubic  centimetres  of  clear, 
light-yellow  serum  are  usually  present  in  the  pericardial  sac.  If  decom- 
position have  commenced,  this  may  be  reddish,  or  it  may  be  slightly 
turbid  from  the  falling-off  of  the  pericardial  endothelium. 

Large  accumulations  of  clear  yellowish  serum  are  often  foimd  as  part 
of  general  dropsy  from  heart  disease,  kidney  disease,  etc.  The  amount 
is  sometimes  so  great  as  to  interfere  with  the  movement  and  nutrition  of 
the  heart. 

PNEUMOPERICARDIUM 

Air  or  gas  in  the  pericardium  may  be  the  result  of  post-mortem 
decomposition  and  there  may  then  be  drying  of  portions  of  the  pericar- 
dium. Wounds  or  paracentesis  of  the  pericardium;  the  perforation  of 
ulcers  of  the  stomach,  cavities  of  the  lungs,  and  ulcers  of  the  oesophagus, 
or  subdiaphragmatic  abscess,  may  admit  air  into  the  pericardial  cavity.* 
In  purulent  pericarditis  with  foul,  decomposing  exudate,  gases  may  be 
evolved. 

INFLAlOfATION.    (Pericarditis.) 

Pericarditis  is  rarely  primary,  but  is  usually  secondary  to  infectious 
diseases,  such  as  pneumonia,  pleurisy,  tuberculosis,  typhoid  fever,  endo- 

*  SeeJameM,  Am.  Med.,  vol.  viii.,  p.  23,  1904. 
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carditis,  and  pyxemia.  It  may  follow  injuries  and  ia  frequently  associated 
with  rheumatism  or  inflammation  of  the  kidneys.  It  may  be  exudative 
or  productive  in  character. 

Exudative  Pericarditis. — It  is  convenient  to  distinguish  in  exudative 
pericarditis  a,  fibrinous,  a  sero-fibrinous,  and  a  puruient  form. 

Fibrinous  and  Sero-fibrinous  Pericarditis. — In  the  earUer 
stages  or  lighter  forms  of  fibrinous  pericarditis,  the  whole  surface  or 
portions  of  the  pericardium  may  be  dull  or  slightly  roughened  from  a 
delicate  fibrinous  pellicle,  more  or  less  hyperEemic,  and  often  studded  with 
minute  petechia.     Later,  if  the  exudate  accumulate,  the  entire  surface 


Tb«  pericmHu]  kac  ■  laid  opea  nod  the  part  'a  Been  covefi 

of  the  pericardium  may  be  covered  with  a  net-like  layer  of  thick  i 
of  fibrin.  This  may  cover  both  the  visceral  and  parietal  surfaces  and 
■9  often  beset  with  irregular  villosities  (Fig.  311).  Fibrinous  adhesions 
"lay  form  between  the  two  layers.  There  is  usually  some  serous  fluid 
M  well  as  leucocytes  mingled  with  the  fibrin. 

Serum  may  accumulate  in  considerable  quantity — sero-fibrinous  peri- 
carditis. The  pericardial  sac  may  be  greatly  distended  with  this  form  of 
exudate  so  as  to  displace  the  heart  and  compress  the  larger  air  passages, 
the  (Bsophagus,  or  the  aorta. 
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Purulent  Pericarditis. — In  this  form  of  exudative  pericarditis 
there  are  usually  more  or  less  serum  and  fibrin  mingled  with  pus  cells  and 
often  red  blood  cells.  The  process  may  start  aa  a  eero-fibrinous  inflam- 
mation. It  is  apt  to  occur  as'  an  extension  of  an  infectious  process  in  the 
neighborhood  or  as  a  part  of  a  general  pyieraic  process.  Streptococcus 
pyogenes,  Diplococcus  pneumonise,  Staphylococcus  pyogenes  aureus, 
and  the  tubercle  bacillus  are  the  bacteria  most  commonly  found  in 
exudative  pericarditis. 

Chronic  Pericarditis. — In  exudative  pericarditis  the  mesothelium' 
(endothelium)  in  the  early  stages,  and  later  this  with  the  underlring 
connective-tissue  cells  contributes  to  the  cellular  elements  in  the  exudate. 
In  recovery  the  exudates  degenerate  and  are  gradually  absorbed,  while 


Tb«  pericardial  mc  is  opened  so  that  (he  hBart  ig  rinwed  from  the  diicction  of  the  npei.    Then  ut 
two  clusten  of  delicate  fibrous  bands  joining  the  psrietHi  and  the  vigoeiBl  periealdiuD. 

from  the  blood-vessels  and  the  connective-tissue  cells  of  the  pericardium 
more  or  less  new  fibrous  tissue  is  formed,  at  first  very  cellular  and  vascular, 
later  dense  in  character.  There  may  finally  be  local  or  general  thicken- 
ings of  the  pericardium.  If  a  moderate  amount  of  new  fibrous  tissue 
is  formed  this  may  appear  as  thin,  white  patches  on  the  pericardium  sur- 
face, the  so-called  macidce  tendinetE.  The  new  fibrous  tissue  may  extend 
between  the  subperi cardial  muscle  fibres  of  the  heart.  Calcification  of 
this  new-formed  fibrous  tissue  may  occur.  But  more  or  less  permanent 
adhesions  may  form  between  the  visceral  and  parietal  pericardium. 
These  may  be  in  the  form  of  delicate  fibrous  strings  (Fig.  312)  or  of 
larger  areas  of  firm  adhesion.' 

Obliteration  of  the  Pericardial  Sac. — As  the  result  of  the  for- 
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mation  of  vascular  new  connective  tissue  between  the  pericardial  walls, 
the  sac  may  be  partially  or  wholly  obliterated  (Fig.  313). 

This  may  be  the  conclusion  of  an  acute  inflammatory  process  or  it 
may  result  from  the  organization  of  a  blood-clot  following  hemorrhage 
into  the  sac.     It  may  occur  as  the  result  of  the  latter  process  early  in  life. 

SopBA-ARTERiAL  EpicARDiAL  FiBRoiD  NoDULES, — Small  fibrous  nod- 
ulea  are  occasfonaily  formed  along  the  branches  of  the  coronary  arter- 
ies, especially  on  the  surface  of  the  ventricles.  According  to  the  studies 
of  Knox'  they  are  frequently  associated  with  lesions  of  the  arteries,  lead- 
ing to  the  weakening  of  their  walls  at  these  situations. 

Tuberculous  Pericarditis. — This  lesion  may  occur  by  itself,  but  is  apt 
to  be  associated  with  other  tuberculous  inflammation  in  the  vicinity  of 


Fio.  313.— Obutbratiok  or  thi  Pericardial  Sac  w  a  Ci 

Showing  bbod-vaHla  groiriac  from  tbe  visceml  pericsrdiui 

Tniuvene  Kcttoa.     A,  H«rt;  B,  pericBrdium ;  C.  new-formed 

the  unorfUiiiBd  clot.     A  similsr  layer  of  new  vucular  tissue  was  i 

*ad  in  pUeea  the  two  layen  had  DOklcsced.  oblitemtioc  the  ase. 


the  heart.  There  may  be  miliary  tubercles  scattered  diffusely,  or  limited 
to  certain  regions  in  the  pericardium,  which  is  otherwise  little  changed. 
Not  infrequently,  however,  there  is  a  considerable  thickening  of  the  peri- 
cardium, either  visceral  or  parietal,  or  both. 

In  such  cases  the  new-formed  tissue  consists  of  fibrous  tissue  and  of 
tubercle  tissue  which  has  undergone  extensive  cheesy  degeneration  {Fig. 
314).  The  thickened  visceral  and  parietal  layers  of  the  pericardium  are 
often  more  or  less  grown  together,  so  that  the  pericardial  sac  may  be 
partially  or  almost  completely  obliterated.  An  inflammatory  exudate 
often  accompanies  the  tuberculous  process. ' 
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Fibromata  are  sometimea  developed  in  the  pericardium.  They  are 
often  of  polypoid  form,  and  from  atrophy  of  the  pedicle  may  become 
free  in  the  pericardial  sac.  Lipoma  of  the  pericardium  has  been  de- 
scribed.    Endothellomata  are  of  occasional  occurrence  as  primary  tumors. 

Sarcomata  and  cardnomata  occur  as  secondary  growths  either  from 
continuous  infiltration  or  as  metastatic  tumors.  Primary  sarcoma  of  the 
pericardium  has  been  described.' 


Fia.  314.— TtTBERcDLooa  Fuucabditib. 

Tbe  greBtly  thicliened  pericardium  ahows  dUTuae  tinue  with  giant  cells  ud  imeuluiKuo' 

cheear  degeaemtion.     The  free — uppei — BurfAce  it  covered  with  a  hyer  of  (nah  fibrin. 

Cysts  of  the  visceral  pericardium  have  been  described.  The  ^liter 
has  seen  a  pedunculated  cyst,  containing  about  6  c.c.  of  clear  fluid,  hang- 
ing into  the  pericardial  sac  from  its  attachment  near  the  pulmoniTj 
artery.     The  origin  of  such  cysts  is  obscure. 

The  Heart. 

UalfomutdoiM  and  Malpositions. 

Malforuatiokb  op  the  Heart.- — The  malformations  of  the  heart  are  miwtf 
closely  associated  with  malformations  of  the  aorta  and  pulmonary  artery-  '^"'^ 
depend  on  arrest  of,  or  abnormal,  development;  on  endocarditis,  myocarditisi ''i'*''' 
boais,  or  mechanical  causes. 

I.  The  common  arterial  trunk  is  only  partially,  or  not  at  all,  separated  into*^ 
and  pulmonary  artery.    The  divisions  between  the  heart  cavities  are  at  tbe  saO*!""* 

1  WiUuimt,  N.  Y.  Ued.  Jour.,  vol.  Ixxi-.  p.  537, 1900.  bibL 
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defective,  so  that  there  may  be  one  ventricle  and  no  auricles;  one  ventricle  and  one 
auricle — reptilian  heart  (Fig.  315);  or  one  ventricle  and  two  auricles. 

II.  The  trunk  of  the  pulmonary  artery  or  of  the  aorta  is  stenoeed  or  obliterated, 
and  from  the  obstruction  to  the  current  o!  blood  there  ia  interference  with  the  develop- 
roent  of  the  aepta  between  the  heart  cavities. 

1.  The  aorta,  at  its  origin,  or  in  the  ascending  portion  of  the  arch,  is  stenosed  or 
eloeed.  The  pulmonaryarterygives  off  the  descending  aorta,  and  supplies  the  carotids 
and  subclavians.  The  foramen  ovale  remains  open,  or  there  is  no  septum  between 
the  auricles.  The  ventricular  septum  is  also  usually  defective.  The  right  ventricle  is 
bypertrophied . 

2.  The  pulmonary  artery  is  stenosed  or  closed  (Fig.  316).  Its  branches  are  sup- 
plied by  the  aorta,  through  the  ductus  arteriosus.  The  ventricular  septum  is  defec- 
tive, the  foramen  ovale  is  open,  or  the  auricular  septum  defective. 


III.  The  malformation  affects  the  aorta  and  pulmonary  artery  after  they  are  more 
fully  developed. 

1.  There  is  stenosis  of  the  aorta  between  the  left  subclavian  and  ductus  arteriosus, 
or  just  at  the  opening  of  the  ductus  arteriosus.  The  descending  aorta  is  then  a  con- 
tinuation of  the  pulmonary  artery. 

2.  The  aorta  gives  off  all  its  branches  from  the  arch,  but  the  descending  aorta  is  a 
continuation  of  the  pulmonary  artery;  or  the  carotids  may  spring  from  the  aorta,  the 
subclavians  from  the  pulmonary  artery, 

3.  The  vessels  are  transposed ;  the  pulmonary  artery  arises  from  the  left,  the  aorta 
from  the  right  ventricle;  the  pulmonary  veins  empty  into  the  left,  the  vens  cavs  into 
the  right  auricle;  or  the  veins  also  may  be  transposed.    The  septa  are  defective. 

>Forad«*eript>anaf  tliusiKBee^onArup.  Tniu.  N.  Y.  PaUi.  Sue.,  1S8S.  p.  41. 
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IV.  The  aorta  and  pulmoDary  artery  are  normal,  but  the  cardiac  septa  an 
defective. 

1.  The  foramen  ovale  remains  partly  open.  This  condition  may  coDtinue  throogfa 
life  without  ill  effects.  It  has  been  found  by  some  observers  in  about  one-fifth  of 
their  autopsies. 

2.  The  ductus  arteriosus  may  remain  open  for  many  years;  this  also  may  cause  no 
distuHiance. 

3.  There  is  a  small  or  large  opening  in  the  ventricular  septum,  usually  in  its  uppa 
part  (Fig.  317).  This  may  give  rise  to  no  symptoms,  unless  disease  of  the  heait  or 
lungs  be  superadded. 

V.  Either  of  the  auriculo-ventricular  orifices  may  be  entirely  closed.  The  fora- 
men ovale  remains  open,  and  the  ventricular  septum  is  defective.' 


VI.  The  valves  of  the  different  orifices  of  the  heart  may  be  absent  or  defective. 
The  arteries  or  the  ventricles  are  usually  defective  at  the  same  time. 

The  aortic  and  pulmonary  valves  may  consist  of  two  large  or  four  small  leaves, 
instead  of  the  usual  three. 

The  edges  of  the  semilunar  valves  may  be  fenestrated.  This  alteration  is  ususllj 
of  no  significance.  It  is  frequent  in  the  aortic  and  pulmonary  valves.  The  valves 
may  be  thinner  than  normal,  and  near  their  tree  edges  are  small  slits  or  openings  (see 
Fig.  318). 

Generally  speaking,  the  existence  of  openings  between  the  two  auricles  or  the  t"> 

'  Consult  (or  n  atiidy  of  rare  fonns  of  cordiac  anomatiM.  HitMen,  Am.  Jour,  Med.  ScL,  vol  ajL 
P.  103.  1901,  btbl. 
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ventricles,  admitting  some  admixture  of  venous  and  arterial  blood,  produces  no 
marked  change  in  the  circulation.  If,  however,  the  passage  of  the  current  of  venous 
blood  into  the  right  heart  is  in  any  way  interfered  with,  the  consequences  are  very 
serioua.  Cyanosis  is  produced,  the  skin  is  of  a  bluish  color,  the  small  veins  and  capil- 
laries are  dilated,  exudation  of  serum  and  hypertrophy  of  connective  tissue  take  place, 
especially  in  the  fingers  and  toes. 

There  may  be  absence  of  the  heart;  abnormal  septa  and  chord»  tendine*'  (Fig, 
319)  in  the  heart  cavities;  abnormal  shapes  of  the  heart.  Very  rarely  two  more  or 
less  perfect  hearta  are  found  in  the  same  thorax. 


Malpositions  of  tbb  Heart. — 1.  There  is  a  smaller  or  larger  defect  in  the 
walls  of  the  thorax,  ao  that  the  heart  projects  on  the  outside  of  the  chest;  the  pericar^ 
dium  is  usually  absent. 

2.  The  diaphragm  is  absent,  and  the  heart  is  in  the  abdominal  cavity. 

3.  The  heart  is  in  some  part  of  the  neck  or  head;  this  occurs  only  in  fcetuses  very 
much  malformed. 

4.  The  heart  is  transposed,  being  on  the  right  aide. 

Abnormal  Size  op  the  Heart.— 1.  The  heart  may  be  abnormally  large  in  con- 
nection with  obstructive  anomalies  of  the  great  vessels, 

'  For  A  itudr  of  tilt  orisiu  of  ■bnormBi  chordie  tendiuea  in  tbe  heart  see  Taaara.  Ziegler's  Bcitr,. 
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2.  The  heart  may  be  abaormally  amall  (hypoplasia).  This  abnormality  is  apt  to 
be  associated  with  the  so-called  status  lymphaticus  (see  p.  439). 

DiapLACXMENTS  OF  THE  Hbast. — Changes  in  the  position  of  the  heart  are  coo- 
genital  or  acquired.     The  congenital  malpositions  have  already  been  mentioned. 

The  acquired  malpositions  may  be  associated  with: 

1.  Hypertrophy  of  the  heart;  its  long  aioB  approaching  the  horizontal  position. 

2.  Changesin  the  thoracic  viscera.  Emphysema  of  both  lungs  may  push  the  bean 
downward.    Emphysema,  pleurisy  with  effusion,  or  pneumothorax  of  one  ade  pushn 


the  heart  to  the  other  side.  Pleurisy  or  chronic  pneumonia,  producing  retraction  oi 
one  side  of  the  thorax,  draws  the  heart  to  that  side.  New  growths,  aneurisms,  ana 
curvatures  of  the  spine  displace  the  heart  in  various  directions. 

3.  Changes  in  the  abdomen.  Accumulations  of  fluid  and  new  growths  in  the 
abdomen,  and  tympanites,  may  push  the  heart  upward. 

WODHDS  AHD  RIIPTORES. 

Wounds  of  the  heart  are  most  frequently  made  by  penetrating  instni- 
ments,  by  bullets,  and  by  fragments  of  bone.  The  right  ventricle  is  the 
more  frequently  wounded  (Fig.  320);  next  the  left;  rarely  the  auricieS' 
The  wound  may  penetrate  into  the  cavities  of  the  heart  or  pass  only  partly 
through  its  wall,  or  a  bullet  or  the  broken  end  of  a  weapon  toay  1* 
embedded  in  the  wall.  If  the  wound  penetrate  a  cavity  and  be  gaping, 
death  may  follow  instantly  and  the  pericardium  be  found  filled  with 
blood.  If  the  wound  be  small  and  oblique,  the  blood  may  escape  grw- 
ually  and  death  may  not  ensue  for  several  days.  In  rare  cases  adhesions 
are  formed  with  the  pericardium  and  the  wound  cicatrizes.  WounoB 
which  do  not  penetrate  may  cause  death  by  the  inflammation  which  they 
excite,  or  they  may  cicatrize.  Bullets  and  foreign  bodies  may  beconw 
encapsulated  in  the  heart  wall  and  remain  so  for  years.' 

Rupture  of  the  heart  wall  occurs  in  various  ways: 

1  For  B  studj  of  fofrign  bodies  in  Ihe  hesrl  see  Baitty,  Arch.  Int.  Med.,  1013,  vii..  140. 
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1.  Severe  contusions  of  the  thorax  may  produce  rupture,  usually  of 
one  of  the  auricles.* 

2.  Spontaneous  rupture  occurs  usually  in  advanced  life.  Rupture 
is  most  frequent  in  the  left  ventricle,  and,  in  a  considerable  proportion  of 
cases,  near  the  apex.  There  is  usually  one  rupture,  but  sometimes  there 
are  more.  The  rupture  is  usually  oblique  and  larger  internally  than 
externally.     The  heart  wall,  near  the  seat  of  rupture,  may  be  infiltrated 


with  blood,  or  blood  may  infiltrate  the  subpericardial  fat.  The  heart 
wall  may  be  of  normal  thickness,  or  thin;  it  is  usually  soft  and  in  a  con- 
dition of  fatty  infiltration  or  degeneration.  The  rupture  very  frequently 
takes  place  when  the  patient  is  quiet.  Death  may  be  almost  instan- 
taneous or  may  not  ensue  for  several  hours. 

Fatty  degeneration  leading  to  rupture  of  the  heart  may  be  general,  or 
it  is  frequently  circumscribed  and  due  to  obliterating  endarteritis,  ather- 

rol.  Iv.,  p.  Stt4,  ism.     Also  Hamiiton.  Phila.  Med. 
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oma,  thrombosis,  or  embolus  of  one  of  the  coronary  arteries,  whereby  a 
portion  of  the  heart  wall  is  deprived  of  nourishment  and  degenerates.  Ot 
rupture  of  a  branch  of  one  of  the  coronary  arteries  may  induce  rupture 
of  the  heart  wall.     Acute  and  chronic  myocarditis,  with  or  without  the 


formation  of  abscess  or  cardiac  aneurism,  or  the  presence  of  tumors  in 
the  heart  wall,  or  hydatids,  may  lead  to  rupture.' 

3.  In  rare  cases  rupture  is  associated  with  stenosis  of  the  aorta  and 
dilatation  of  the  heart  cavities. 

4.  Rupture  of  the  papillary  muscles  and  tendons  may  beduetofattv 
degeneration  or  inflammatory  or  ulcerative  processes. 

ATROPHY. 

Atrophyof  the  walls  of  the  heart  may  be  accompanied  with  no  change 
in  the  size  of  its  cavities;  or  with  dilatation  ("passive  dilatation");  or^ 
more  frequently,  with  diminution  in  the  size  of  the  cavities. 

The  atrophy  involves  most  frequently  all  the  cavities  of  the  be«i, 
but  may  be  confined  to  one  or  more  of  them, 

•Consult  Couneilmaa.  "On  Sudden  Deaths  due  to  the  Hart,"  BoBloa  Hed.  mad  Suit  ^" 
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The   muscular  tissue  appears  normal,  or  may  be  brown  from   the 
presence  of  little  granules  of  pigment  in  the  muscle  fibres,  which  are  some- 
times present  in  large  numbers — brown  atrophy;  or  the  muscle  fibres  may 
undergo  fatty  degeneration;  or  there  may  be  an  abnormal  accumulation 
of   fat    beneath  the  pericardium; 
or  there  may  be  a  peculiar  gela- 
tinous material  beneath  the  peri- 
cardium— this     consists    of     fat 
which  has  undergone  mucous  de- 
generation.    The  heart  may  be  so 
much  atrophied  as  to  weigh  only 
four  ounces. 

Atrophy  of  the  heart  may  be 
congenital;  it  may  be  associated       1::^; 
with     repeated    hemorrhages    or        ^ 
wasting  diseases,  or  senility,  with        n 
chronic  pericarditis,  with  effusion,         ^ 
with  obstructiveleaions  of  the  coro- 
nary arteries,  with  chronic  myo- 
carditis, or  with  mitral  stenosis. 

Atrophy  of  the  pericardial  fat 
tissue  not  infrequently  occurs  in 
persons  emaciated  by  chronic  dis-      ""'  "™'™' 
ease,  and  then  the  usual   situa- 
tions of  the  fat  are  occupied  by  a  tissue  resembling  mucous  tissue  in  its 
gross  characters.     Microscopical  examination  shows  that  in  this  atrophic 
fat  the  fat  cells  have  largely  lost  their  contents,  and  the  whole  tissue 
has  undergone  a  partial  reversion  to  its  embryonic  form  (see  Fig.  321). 

AHEURISH  OF  THE  HEART  AIID  VALVES. 

Aneurism  of  the  Heart. — Sacs  filled  with  blood,  situated  in  the  walls 
of  the  heart  and  communicating  with  its  cavities,  are  formed  in  several 
different  ways: 

1.  In  interstitial  myocarditis  a  small  or  large  portion  of  the  wall  may 
be  replaced  by  fibrous  tissue,  and  this,  yielding  to  the  pressure  of  the 
blood  from  within,  may  be  pressed  outward.  Such  a  pouch  may  be  a 
circumscribed  sac  communicating  with  the  heart  cavity  by  a  small  open- 
ing, or  may  be  a  simple  dilatation  of  part  of  the  ventricle.  The  wall  of 
Buch  an  aneurism  becomes  thinner  as  the  sac  increases  in  size.  It  is  com- 
posed of  the  endocardium,  new  fibrous  tissue,  visceral  pericardium,  and 
sometimes  the  adherent  parietal  pericardium.  The  walls  may  calcify,  or 
rarely  they  become  so  thin  as  to  rupture  externally  or  into  the  right  ven- 
tricle.    The  sacs  may  contain  fluid  blood  or  be  filled  with  fibrin. 

Such  aneurisms  are  usually  situated  in  the  wall  of  the  left  ventricle; 
rarely  in  that  of  the  left  auricle.  If  they  are  in  the  septum  they  may 
project  into  the  right  ventricle  or  auricle  (Fig.  322).  They  are  usually 
single,  but  sometimes  two  or  three  are  found  in  the  same  heart. 


530  THE    CIRCULATORY   SYSTEM 

2.  Fatty  degeneration  of  the  heart  waU  may  reach  such  a  degree  that 
the  wall  yields  and  is  pouched  out  into  an  aneurlsmal  sac. 

3.  Endocarditis  and  myocarditis,  or  fatty  degeneration,  may  so  soften 
a  portion  of  the  heart  wall  that  the  endocardium  and  part  of  the  muscular 
tissue  are  ruptured  and  a  ragged  cavity  is  formed.     This  form  of  aneu- 


rism usually  does  not  attain  a  large  size,  but  soon  ruptures  externally 
and  causes  tho  death  of  the  patient. 

Small  aneurisms  of  the  sinus  of  Valsalva  are  of  occasional  occurrence. 

Aneurisms  of  the  Valves. — These  are  formed  in  two  ways: 

1.  They  are  the  result  of  endocarditis.  One  of  the  lamellae  of  the 
leaf  of  a  valve  is  destroyed,  and  the  other  lamella  is  converted  into  a  ssc 
filled  with  blood.  These  aneurisms  are  found  in  the  aortic  valve,  pro- 
jecting into  the  ventricle,  and  in  the  mitral  valve,  projecting  into  the 
auricle.  Not  infrequently  the  wall  of  the  aneurism  gives  way,  so  that 
there  is  a  rupture  entirely  through  the  valve. 

2.  The  entire  thickness  of  a  leaf  of  a  valve  is  pouched,  forming  a  8*^ 
filled  with  blood.     This  occurs  in  the  aortic,  mitral,  and  tricuspid  valves- 


•-^  "tk,i^e^;^ 
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THROMBOSIS  OF  THE  B£ART. 


It  is  common  to  find  after  death,  in  the  heart  cavities,  yellow,  succu- 
lent, semitranslucent  masses.  They  are  most  common  and  of  firmest 
texture  in  persons  who  die  of  acute  inflammatory  diseases.  They  may 
adhere  quite  firmly  to  the  walls  of  the  heart  and  may  extend  in  long, 
branching  cords  into  the  vessels.  They  are  formed  in  the  last  hours 
of  life  and  just  after  death.  They  are  not  of  clinical  or  pathological 
importance.  It  is,  however,  often  di6icult  to  determine  to  what  extent 
such  clots  have  been  formed  during  life,  for  these  so-called  "agonal" 
clots  may  be  continuous  with  those  formed  some  time  before  death  as 
well  as  with  those  formed  after  life  has  become  extinct. 


Coagula  of  the  fibrin  of  the  blood  in  the  heart  form  during  life,  and 
may  exist  for  years.  If  the  fibrin  adheres  to  the  valves  in  small  masses 
these  are  called  vegetations;  if  it  coagulates  in  the  heart  cavities  in  larger 
bodies  they  are  called  thrombi  or  heart  polypi. 

Such  thrombi  are  found  in  all  the  heart  cavities.  They  form  flattened 
masses  firmly  adherent  to  the  endocardium;  or  rounded  bodies  in  the 
spaces  between  the  trabecuhe;  or  have  a  polypoid  shape  and  are  attached 
by  a  narrow  pedicle  (Figs.  323  and  324) ;  or  very  rarely  are  globular  and 
free  in  the  cavity  of  the  auricle  (Fig.  325).  Cardiac  thrombi  are  most 
frequent  in  the  auricular  appendages  and  between  the  columme  carneie 
near  the  apices  of  the  ventricles.     (See  Fig.  32G.) 

HARVARD  uNivtRsrrr 
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They  are  usually  found  in  connection  with  some  valvular  lesion  (Fig, 
327),  which  involves  a  roughening  of  the  surface,  or  prevents  the  free 
circulation  of  blood  through  the  heart.' 

Old  cardiac  thrombi  are  firm,  dry,  and  of  a  whitish  color;  they  may 
soften  and  break  down  at  their  centres,  so  as  to  look  like  cysts  filled 
with  pus,  or  they  may  calcify.  They  are  usually  entirely  unorganized, 
consisting  simply  of  fibrin,  but  may  become  organized. 


Thii  thnmbus  w 


Cases  are  reported  of  organized  thrombi  in  the  auricles,  the  seat  of 
tuberculous  inflammation.' 

Sometimes  sarcomatous  and  carcinomatous  tumors  in  different  parts 
of  the  body  are  accompanied  by  the  formation  of  thrombi  in  the  heart 
cavities,  which  are  composed  partly  of  coagulated  blood,  partly  of  tissue 
like  that  of  the  primary  tumor. 

■  For  a  itudy  oT  canlisa  Ihromboeis  are  Martin  Bnd  Rtnnir.  Lancet.  ISgg.  ii.,  p.  TS2,  See  ■!» 
irWeA  in  Allbutt's  "SysWm  ol  Medicine,"  vol.  vi..  p.  182. 

•  Kollar,  Ref.  Cbl,  t.  Bak..  Dil.  iv..  p.  4fl8.  1884:  also  lUoier.  I.  c.  542.  . 
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DEGEITERATIOH. 


Albuminous  Degeneration.  (Parenchymatous  Degeneration.) — This 
lesion  frequently  occurs  in  diphtheria, '  typhoid  and  typhus  fever,  pystnia, 
erysipelas,  and  other  infectious  diseases,  as  a  result  of  bums,  and  under 
a  variety  of  other  conditions.  It  is  characterized  by  the  presence  in  the 
muscle  fibres  of  the  heait  of  greater  or  less  numbers  of  albuminous  gran- 
ules of  various  sizes,  most  of  them  very  small.     They  are  not  as  refractile 


Via.  325. — LjutoE  Globdlab  Throubdb  im  thb  Rioht  Aduclb  or  the  Hbabt. 

as  fat  droplets,  and  are  insoluble  in  ether,  while  swelling  up  and  becom- 
ing almost  invisible  under  the  influence  of  acetic  acid.  Sometimes 
they  are  so  abundant  as  to  conceal  the  striations  of  the  fibres.  The 
degeneration  is  usually  quite  uniformly  diffused  through  the  heart,  whose 
walls  are  softer  than  normal  and  of  a  grayish  color.  This  lesion  may  be 
associated  with  or  followed  by  fatty  degeneration. 
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Fatty  Degeneration  of  the  Heart  Muscle. — This  consists  in  the  trans- 
formation of  portions  of  the  muscle  fibres  of  the  heart  into  fat  or  closely 
allied  substances,'  which  collect  in  the  fibres  in  larger  and  smaller  drop- 
lets, Bometimea  few  in  number,  sometimes  so  abundant  as  almost  entirely 
to  replace  or  conceal  the  normal  striations  (Fig.  328).  These  droplets 
are  soluble  in  ether,  and  remain  unchanged  on  treatment  with  acetic 
acid.  This  degeneration  is  sometimes  quite  universal,  but  is  more  apt 
to  occur  in  patches,  giving  the  heart  muscle  a  mottled  appearance. 


Fio.  32a.— THBom 


This  mottling  may  usually  be  best  seen  on  the  papillary  muscles.  The 
degenerated  areas  have  a  pale  yellowish  color,  and  the  muscle  tissue  is 
soft  and  flabby;  but  when  moderate  or  slight  in  degree  the  gross  appear- 
ance may  be  little  changed,  and  the  microscopical  examination  be  neces- 
sary for  its  determination.     This  degeneration  may  lead  to  thinning  of 


THE    CIRCULATORY    SYSTEM  535 

the  walls,  or  to  rupture  of  the  heart,  or  to  inability  to  fulfil  its  functions. 
It  is  not  infrequently  the  cause  of  sudden  death. 

Fatty  degeneration  may  be  secondary  to  hypertrophy  of  the  heart,  to 
inflammation  of  the  heart  muscle,  or  to  pericarditis;  to  disturbances  of 
the  circulation  of  the  coronary  arteries  by  inflammation,  atheroma,  etc. 
It  may  be  due  to  deteriorated  condi- 
tions of   the  blood  in  wasting  dis- 
eases,  excessive    htemorrhages,   ex- 
hausting fevers,   leukemia,  etc.,  to 
poisoning  with  phosphorus  and   ar- 
senic, and  to  the  toxins  of  microbic 
origin   developed  in  infectious  dis- 
eases, such  as  diphtheria,  scarlatina, 
typhoid  fever,  etc'     It  may  occur 
in     otherwise     apparently    healthy 
persons. 

Fatty  Degeneration  of  the  Endo- 
cardium.— It  is  not  uncommon  to 
find,  especially  in  elderly  persons, 
fatty     degeneration     occurring     in 

patches,  especially  on  the  valves,  but      'i^iJS.'^tZT.  .SXVf"  ™ 
also  on  the  general  endocardium.    It 

may  also  occur  in  ill-nourished  and  aniemic  individuals.     Small,  or  even 
considerable,  areas  of  fatty  degeneration  appear,  as  a  rule,  to  be  of  little  or 
no  clinical  significance.     They  are  at  least  not  inconsistent  with  perfect 
health.     In  these  areas  of  fatty  degeneration  the  connective-tissue  celts 
are  more  or  less  completely  filled  with  larger  and  smaller  fat  droplets. 
Amyloid  degeneration  of  the  endocardium  or  the  walls  of  the  blood- 
vessels and   intermuscular  con- 
nective-tissue   septa    is    a    not 
very  infrequent,  but  usually  not 
very  important,  lesion. 

Hyaline  degeneration  some- 
times occurs  in  the  blood-vessels 
and  in  the  muscle  fibres. 

There  may  be  caldflcatioD  of 
the  products  of  inflammation  in 
pericarditis,  or  of  connective- 
tissue  membranes  in  chronic 
pericarditis;  in  the  latter  case 

F.O.  328.-FArrr  Deobnebation  or  Hbabt  Moacui.       ^^^    j^^^j.^^    ^^y    [^^    ^^j.^  ^j,  jggg 

enclosed  by  a  calcareous  shell. 
The  muscle  fibres  of  the  heart  wall  may,  though  rarely,  become  densely 
infiltrated  with  salts  of  lime. 

Fat^  Infiltration.— This  lesion,  which  should  be  clearly  distinguished 
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from  fatty  degeneration,  consists  of  an  unusual  accumulation  of  fat 
about  the  heart  and  between  its  muscle  fibres. 

The  subpericardial  fat,  which  may  be  present  in  considerable  quantity 
under  normal  conditions,  may  be  so  greatly  increased  in  amount  as  to 
form  a  thick  envelope  enclosing  nearly  the  entire  organ.  Sometimes  the 
accumulation  of  fat  extends  into  the  walls  of  the  heart,  between  the 
muscles,  causing  atrophy  of  the  latter,  frequently  to  a  very  great  extent 


FRB    BbaRT — LirOHATOSIB. 

Tbe  Inion  is  exceaive.  the  hcnit  Diiucle  being  to  ■  large  extent  etrophied.     (The  fat  eelb  are  npn- 
•ented  in  the  dnirum.  for  the  ulie  of  cleameu,  of  relatively  too  laise  liie.) 

(Fig.  329),  80  that  the  function  of  the  heart  is  seriously  interfered  with. 
This  occurs  sometimes  in  general  obesity,  or  as  a  result  of  chronic  peri- 
carditis, or  in  drunkards,  or  in  debilitated  or  old  persons. 

SEGBIEIITATIOn  ARD  FRAGHEHTATIOH  OF  THE  HYOCARDIUH. 

Attention  has  been  called  by  a  number  of  observers  to  a  condition  of 
the  heart  muscle  sometimes  observed,  it  is  said,  in  acute  infectious  dis- 
eases, in  acute  and  chronic  diseases  of  the  central  nervous  system,  and 
in  sudden  death  from  a  variety  of  causes.  The  muscle  tissue  is  soft, 
friable,  opaque,  and  often  yellowish.  Examination  shows  a  loosening  of 
the  muscle  cells  from  one  another,  as  if  by  some  change  in  the  cement 
substance— seffmen(a(ton — or  the  fibres  may  be  broken  across — frogmen- 
tation.  The  significance  of  this  alteration  is  not  yet  fully  established,  for 
though  in  some  cases  it  is  associated  with  degeneration  and  other  changes 
in  the  heart  muscle,  in  others  these  are  not  present  and  the  alteration 
may  be  agonal,  or  it  may  in  some  instances  be  due  to  post-mortem 
changes. ' 

■  CoDsuk  Htktatn,  Am.  Jour.  Med.  Set,  vol.  exiv..  p.  555.  1B97.  bibl.:  JVocCaUnin,  Jour.  Eip- 
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LESIONS  OF  THE  CORONARY  ARTERIES. 

Lesions  of  the  Coronary  Arteries  in  Acute  Infections. — It  has  recently 
been  shown  that  in  acute  infectious  diseases,  typhoid  fever,  diphtheria, 
influenza,  scarlatina,  pyaemia,  and  others,  the  media  and  the  intima  of 
the  coronary  arteries  may  be  involved  in  necrotic  and  hyperplastic 
processes  which  are  apparently  of  great  significance  in  leading  to  certain 
forms  of  sclerosis  of  these  vessels. 

The  coronary  arteries  may  show,  on  gross  examination,  in  both  larger 
and  smaller  trunks,  circumscribed,  yellowish  white,  elevated  spots,  from 
2  to  6  mm.  in  diameter,  or  small  dull  white  depressions  of  the  intima. 
These  lesions  seem  to  begin  as  a  localized  serous  infiltration  in  the  media 
which  undergoes  necrosis.  At  a  later  period,  after  recovery  from  the 
acute  disease,  fibrous  tissue  may  form  in  the  media  and  intima,  some- 
times associated  with  calcification.  Thus  a  patchy  form  of  arterio- 
sclerosis may  be  developed.^ 

SCLEROSIS  AND  THROMBOSIS. 

Obliterating  Endarteritis — Sclerosis — of  the  coronaries,  which  occurs 
frequently,  is  of  great  significance,  since  diminished  nutrition  of  the  heart 
wall  may  lead  to  local  anaemia,  degeneration  of  the  muscle,  fibrous 
hyperplasia  or  aneurism,  etc.;  but  the  formation  of  thrombi  increases  the 
gravity  of  the  lesion.  Thrombosis  most  commonly  occurs  in  connection 
with  degenerative  or  inflammatory  processes  in  the  coronary  arteries.  It 
may,  however,  be  associated  with  occlusion  of  the  coronary  arteries  at 
their  orifices  either  through  inflammation  of  the  aorta  m  this  region  or  by 
vegetations  or  clots  on  the  aortic  valves. 

The  blocking  of  one  main  trunk  of  the  coronary  arteries  by  a  throm- 
bus may  cause  death,  but  this  is  not  always  the  case. 

When  through  obliterating  endarteritis,  thrombosis,  or  embolus  of 
a  branch  of  the  coronary  arteries,*  the  blood  supply  is  cut  off  from  a 
circumscribed  portion  of  the  heart  wall,  the  tissue  in  the  affected  area 
may  undergo  fatty  degeneration,  leading  to  rupture.'  Or,  instead  of 
extensive  fatty  degeneration,  the  cutting  off  of  the  blood  supply  from 
a  limited  region  may  result  in  necrosis — white  infarction.  These  areas, 
gra)rish  in  color,  often  slightly  projecting  from  the  surface,  are  fre- 
quently surrounded  by  a  red  zone  of  hypersemia.     The  nuclei  of  muscle 

1  For  a  study  of  this  lesion  of  the  coronary  arteries  see  Wieael,  Wiener  klin.  Wochenschr.,  1906, 
p.  723;  and  Zeits.  f.  Heilkunde,  Abt.  f.  path.  Anat.,  Bd.  xxvii.,  p.  262,  1906;  also  TFte«n«r,  Wien.  klin. 
Woch..  1906.  p.  725. 

*  According  to  Sternberg,  the  right  coronary  artery  supplies  the  following  regions  of  the  heart: 
moat  of  the  right  auricle;  the  posterior  part  and  most  of  the  anterior  part  of  the  right  ventricle;  most 
of  the  interauricular  and  interventricular  septa;  the  posterior  part  of  the  left  ventricle  and  the  posterior 
papillary  muscles.     The  remainder  of  the  heart  is  supplied  by  the  left  coronary  arteiy. 

While  there  are  superficial  anastomoses  between  the  larger  trunks  of  the  coronary  arteries,  their 
branches  do  not  communicate  after  they  enter  the  heart  muscle.  For  a  study  of  coronary  arteries 
see  the  monograph  otJamin  and  Merkel,  "Die  Koronararterien  des  menschL  Herxens,"  1907. 

*  Through  the  Thebesian  vessels  suflScient  nutriment  may  reach  the  myocardium  to  maintain 
the  muscle  for  a  time,  even  with  considerable  lesion  of  the  coronary  arteries.  See  Pratt,  American 
Joomal  of  Physiology,  vol.  i.,  p.  86,  1898.  Also  Baumgarten,  ibid.,  vol.  ii.,  p.  243,  1899.  For  a  study 
of  the  results  of  occlusion  of  one  or  more  of  the  coronary  arteries  see  Porter,  Jour,  of  Physiol.,  vol.  xv., 
p.  121,  189S;  also  Jour.  Exp.  Med.,  vol.  i.,  p.  46.  1896. 
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and  fibrous  tissue  fail  to  stain,  the  muscle  cells  become  necrotic,  Ic^e 
their  striation  and  degenerate,  and  may  be  absorbed  or  gradually 
replaced  by  fibrous  tissue.  When  larger  areas  are  involved,  the  muscle 
fibres  may  break  down  into  a  granular  detritus  and  the  connective  tissue 
about  them  suffer  degeneration  or  necrosis,  so  that  the  whole  affected 
area  may  be  soft  and  yellowish  white  or  grayish  in  color.  If,  as  not 
infrequently  occurs,  there  is  considerable  extravasation  of  blood,  the 
degenerated  area  may  be  of  a  dark  red  color.  ^  Under  these  conditions 
the  heart  wall  may  rupture,  or  acute  inflammatory  processes  may  occur, 
or  the  degenerated  muscle  tissue  may  be  gradually  absorbed  and  replaced 
by  granulation  tissue  formed  from  the  surrounding  fibrous  tissue  and 
blood-vessels.  This  gradually  grows  dense,  shrinks,  and  assumes  the 
characters  of  cicatricial  tissue. 

This  may  occur  in  any  part  of  the  heart  wall  or  in  the  papillary 
muscles,  but  is  most  common  in  the  region  supplied  by  the  left  coro- 
nary artery;  that  is,  in  the  interventricular  septum  and  the  anterior  wall 
of  the  left  ventricle  near  the  apex.  Thrombosis  of  the  coronary  arteries 
is  more  frequent  than  embolism  and  more  commonly  leads  to  infarction. 
When  the  heart  wall  is  involved  the  new-formed  connective  tissue  may 
yield  to  the  blood  pressure  from  within  and  aneurism  of  the  heart  be 
formed. 

Impaired  nutrition  of  a  portion  of  the  heart  wall  as  the  result  of 
narrowing  or  obliteration  of  the  coronary  arteries  or  their  branches, 
whether  it  lead  to  such  extreme  lesions  as  those  just  described,  or  to 
fatty  degeneration,  or  to  atrophy  of  the  muscle  cells  with  a  production  of 
new  connective  tissue,  is  of  great  significance,  and  it  may  be  the  domi- 
nant factor  in  many  cases  of  sudden  death. 

Embolism  of  the  coronary  arteries  is  much  less  common  than  thrombo- 
sis and  may  be  followed  by  similar  lesions  of  the  myocardium.  Infective 
emboli  are  frequent  excitants  of  suppurative  lesions  of  the  myocardium. 

INFLAMMATION. 

Myocarditis. — The  inflammatory  changes  in  the  walls  of  the  heart 
involve  primarily  the  interstitial  tissue  and  blood-vessels,  the  muscle 
fibres  being  secondarily  affected  by  atrophic  and  degenerative  changes. 

Interstitial  myocarditis  may  be  acute  and  suppurative,  or  chronic 
with  the  formation  of  new  connective  tissue. 

Acute  suppurative  myocarditis  may  be  diffuse,  infiltrating  the  wall  of 
the  heart  with  pus.  This  may  occur  as  a  complication  of  infectious 
diseases,  such  as  scarlatina,  diphtheria,  typhoid  fever,  gonorrhoea,*  or 
may  be  associated  with  ulcerative  endocarditis.* 

More  frequently  the  suppurative  inflammation  is  circumscribed, 
resulting  in  abscesses.     These  occur  with  pysemia,  mycotic  ulcerative 

^  This  condition  of  the  heart  ia  often  called  "myomalacia.** 

'  For  a  consideration  of  gonorrhoeal  myocarditis  consult  Councilman,  Am.  Jour.  Med.  ScL,  t6L 
cvi..  p.  277,  1893. 

'  For  a  study  of  experimental  focalized  myocarditis  in  relation  to  Aschoff  nodules  see  Thalhimer  and 
Rothschild,  Jour.  Exper.  Med.,  1914,  xix.,  429. 
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endocarditis,  and  other  infectious  diseases.  They  are  of  different  sizes 
and  either  single  or  multiple.  They  are  produced  by  the  lodgment  of 
infectious  emboli  in  small  vessels.  There  is  at  first  necrosis  of  the  muscle 
fibres  near  the  bacterial  mass  (Fig.  330),  followed  by  local  suppuration 
and  the  formation  of  abscess.  The  contents  of  the  abscesses  consist 
of  pus,  broken-down  muscle  tissue,  and  bacteria.  These  abscesses  may 
open  into  the  pericardial  sac  and  set  up  a  purulent  pericarditis;  or  into 
a  heart  cavity,  giving  rise  to  thrombi  in  the  heart  and  infective  emboli 
in  different  parts  of  the  body;  or  the  wall  of  the  heart  is  weakened  by  the 
abscess  so  that  it  ruptures,  or  an  aneurismal  sac  is  formed;  or  an  abscess 
in  the  interventricular  septum  may  establish  an  opening  between  the 
ventricles;  or  the  suppurative  process  may  extend  upward  and  form  an 


abscess  in  the  connective  tissue  at  the  base  of  the  heart.  Streptococcus 
and  Staphylococcus  pyogenes  arc  the  most  common  excitants. 

In  rare  cases  the  patients  recover,  the  contents  of  the  abscesses 
become  dry  and  hard  and  enclosed  by  a  wall  of  fibrous  tissue,  or  the  con- 
tents may  be  absorbed  and  the  whole  replaced  by  fibrous  tissue.' 

Chroiilc  interstitial  myocarditis  may  be  associated  with  chronic  peri- 
carditis or  endocarditis;  it  may  be  secondary  to  damage  to  the  muscle 
by  bacterial  or  other  toxins,  but  in  a  large  proportion  of  cases  it  occurs  in 
connection  with  lesions  of  the  coronary  arteries. 

Lesions  of  the  coronary  arteries  which  interfere  with  the  blood  supply 
of  the  heart  muscle,  such  as  obliterating  endarteritis  with  or  without 
thrombosis  or  embolism,  may  lead  to  degeneration  or  necrosis  of  the 
muscle  and  to  a  new  formation  of  fibrous  tissue  which  is  in  reality  a 
replacement  hs^rplasia.  Thus  either  in  small  foci  or  over  more  diffuse 
areas,  patches  of  fibrous  tissue  may  be  formed  as  the  muscle  disappears 
(Figs.  330  and  331). 

If  the  occlusion  of  the  coronaries  has  led  to  infarctions  of  the  heart, 

I  For  study  of  eiperimenUl  myocsnliliB,  Fleitthtr  and  Lorb,  Ar^h.  Int.  Med.  iii..  7S.  1909.  For  a 
BiimmuT  of  condition  under  which  niywardi tin  occurs  see  Srwit.  Am,  Jour.  Med.  Sc..  1911,  cxlii.,  7S1. 
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then  also,  as  we  have  seen  above,  new  fibrous  tissue  may  form,  replacing 
the  muscle. 

Local  degenerative  processes  and  necrosis  in  the  muscle  tissue  of  the 


heart  may  be  associated  with  acute  infectious  diseases,  especially  with 
diphtheria,  typhoid  fever,  and  scarlatina.  In  such  areas  of  damaged 
muscle  new  connective  tissue  may  form.     This  is  at  first  cellular,  later 


IS  is  dense  ud  tha 


dense  and  cicatricial  in  character.  As  the  result  of  this  replacement 
hyperplasia,  patches  of  fibrous  tissue  may  be  scattered  through  the 
myocardium.     Similar  lesions  may  be  induced  experimentally  in  animala 
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by  the  injection  of  bacterial  toxins.'  Calcification  of  the  muscle  fibres 
has  been  observed  in  connection  with  the  degenerative  processes  due  to 
the  action  of  toxins.^ 

Chronic  interstitial  myocarditis,  whether  diffuse  or  focal,  leads  to  a 
weakening  of  the  heart  wall.  This  may  be  slight  or  excessive.  Hyper- 
trophy of  the  muscle  may  follow  or  be  associated  with  it;  degeneration 
of  the  remaining  muscle  may  occur;  or  the  heart  wall  may  yield  to  the 
internal  pressure  and  pouch,  forming  aneurism  of  the  heart.     Thrombi 


Fio.  333.— Chromic  Interstttia 
Sboirina  cnH  aectkiD  of  a  papUlaiy  miucle.     The  mkucLe  tinue  is  leait  involved  about  tbe  veasels 
uid  near  (he  surface. 

may  under  these  conditions  form  in  the  dilated  cavities.  Lack  of 
rhythm  in  the  heart-beats  or  cardiac  pain — angina  pectoris — may  result 
from  myocarditis. 

It  is  believed  by  most  modern  observers  that  the  new  connective 
tissue  which  develops  in  the  heart  in  connection  with  atrophy  of  the 
muscle  fibres,  as  a  result  of  impaired  nutrition  due  to  a  narrowing  of  the 
lumen  of  the  coronary  arteries  or  due  to  other  causes,  is  not  in  the  stricter 
sense  inflammatory  in  its  nature,  but  is  rather  a  fibrous  hyperplasia, 
the  new-formed  connective  tissue  forming  secondarily,  to  replace  the 
muscle   fibres    which   have   atrophied.     Nevertheless    we   still  for  eon- 

W7. 


542  THE    CIRCULATORY   BYSTEM 

venience  call  the  lesion  myocarditis,  thus  implying  inflammation.  It 
is  interesting  in  this  connection  to  note  that  under  these  conditions 
the  muscle  fibres  immediately  beneath  the  endocardium  and  close 
around  the  blood-vessels  where  the  nutritive  supply  is  most  abundant 
are  often  not  atrophied,  nor  is  the  growth  of  connective  tissue  marked 
(Fig.  333). 

Tuberculous  myocarditis  is  of  occasional  occurrence  and  may  be  asso- 
ciated with  tuberculosis  of  the  pericardium  or  endocardium.' 


Syphilitic  Myocarditis  is  accompanied  by  the  growth  of  connective 
tissue  or  granulation  tissue  in  the  wall  of  the  heart  between  the  muscle 
fibres  or  in  the  walla  of  the  blood-vessels.  The  pericardium  and  endo- 
cardium may  also  be  thickened,  and  pericardial  adhesions  may  be 
formed.     Gummata  of  the  heart  are  of  rare  occurrence.' 

Endocarditis. — The  endocardium  is  a  connective-tissue  membrane, 
containing  but  few  blood-vessels,  which  lines  the  cavities  of  the  heart  and 
forms  its  valves.  Its  inner  surface  is  covered  with  a  layer  of  endothelial 
cells.  The  connective-tissue  cells  and' basement  substance  are  princi- 
pally concerned  in  the  inflammatory  processes.  The  new  tissue  thus 
produced  is  prone  to  degeneration  and  calcification.     The  roughening  of 

'  Consult  AfoMT,  •'TubereukisB  of  the  Heart,"  Hep.  o 
1900.  Alio  .4ndrr>,  Jour.  Am.  Med.  Ajud..  vol.  ixxix.,  p 
MP.,  t.  iviii..  p.  141,  1906.  bibl. 

'  S«e  Lcomit,  Am.  Jour.  Med.  Sciencn,  vol.  ex..  p.  . 
Am.  Phys.,  vol.  xiii,.  p.  73.  189S.  bibl. 
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the  endocardium  due  to  the  inflammation  often  leads  to  the  formation 
of  fibrin  on  the  affected  surface. 

The  endocardium  which  forms  the  valves  is  that  which  is  most  fre- 
quently involved,  but  the  other  portions  of  it  are  by  no  means  exempt. 
In  adult  life  it  is  the  endocardium  of  the  left  ventricle,  and  especially  the 
aortic  and  mitral  valves,  which  is  most  commonly  affected. 

In  fcetal  life  it  is  the  endocardium  of  the  right  heart  which  is  usually 
afTected. 

1.  ample  Acute  Endocarditis. — This  is  frequent  with  rheumatism,  but 
may  occur  under  other  conditions.  It  may  occur  in  a  heart  previously 
heathy,  or  in  one  already  the  seat  of  chronic  endocarditis. 

In  some  cases  the  only  lesion  is  a  simple  swelling  of  the  valves.     These 


Fla.  335.— MA»Ea  or  Bacteua  in  Vioetatioh  on  tbi  Heart  Valve  in  iHracnvE  (Maugnant) 


are  thick  and  succulent,  but  their  surfaces  remain  smooth.  The  base- 
ment substance  is  swollen,  and  there  is  a  moderate  production  of  new 
connective-tissue  cells.  In  other  cases  the  growth  of  connective-tissue 
cells  is  more  marked,  the  basement  substance  is  split  up,  and  little  cellu- 
Ur  fungous  masses  of  connective  tissue,  called  "vegetations,"  project 
from  the  free  surface  of  the  endocardium.  This  is  sometimes  called 
vemicous  endocarditis.  On  these  roughened  surfaces  the  fibrin  of  the 
blood  may  be  deposited,  and  thus  vegetations  of  considerable  size  may 
be  formed  {see  Fig.  334).  In  stitl  other  cases  the  cell  growth,  while  in 
some  places  forming  vegetations,  in  other  places  degenerates,  and  thus 
portions  of  the  valves  are  destroyed.  This  is  simple  acute  ulcerative 
endocarditis.  In  some  cases  of  this  disease  the  patients  recover  and  the 
valves  seem  to  return  to  a  normal  condition;  in  other  cases  the  valves 
are  left  permanently  damaged;  and  in  still  others  chronic  endocarditis 
follows  the  acute  form. 
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2.  Mycotic  or  Malignant  Endocarditis  (Malignant  Ulcerative  Endo- 
carditis).— The  direct  excitants  of  simple  acute  endocarditis  of  the  fonna 
described  above  are  unknown,  but  in  a  considerable  number  of  cases  of 
acute  endocarditis  bacteria  have  been  found  in  and  about  the  vegeta- 
tions, and  proved,  by  careful  experiments,  to  stand  in  a  causative  relation 
to  the  lesion. 

Those  cases  of  acute  endocarditis  in  which  the  lesions  are  induced  by 
the  direct  action  of  bacteria  are  called  mycotic  or  malignanl  endocarditis; 
or,  since  the  new-formed  as  well  as  the  old  tissue  about  the  bacteria  is 


apt  to  become  necrotic  and  thus  lead  to  larger  or  smaller  losses  of  sub- 
stance, the  lesion  is  often  called  TnalignarU  ulcerative  endocarditis,  Csses 
of  multiple  aneurism  in  connection  with  mycotic  endocarditis  have  been 
reported.  Various  species  of  bacteria  may  be  excitants  of  malignant 
endocarditis  (Fig.  335). 

It  is  most  commonly  induced  by  Staphylococcus  pyogenes  aureus  and 
Streptococcus   pyogenes.     Diplococcus    pneumonia,'    B.   typhosus,  B. 


eumococcua  endocarditis  lee  Preble.  Am.  Jour,  Med.  St!.,  voL  e 
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tuberculosis,   B.  anthracis,  Micrococcus  gonorrhtese,'  and  others  have 
been  occasionally  found.' 

It  has,  furthermore,  been  found  that  a  lesion  or  injury  of  the  endo- 
cardium, either  on  the  heart  valves  or  elsewhere,  predisposes  to  the  lodg- 


ment and  growth  upon  it  of  pathogenic  bacteria  when  once  they  have 
l&ined  access  to  the  circulating  blood. 

Mycotic  endocarditis  is  frequently  a  secondary  complicating  lesion, 
but  may  occur  as  a  primary  disease.  It  is  most  apt  to  be  associated 
with  the  acute  infectious  diseases,  and  may  be  one  of  the  local  mani- 
festations of  pysemia.' 

In  some  cases  there  is  a  formation  of  new  tissue  in  the  form  of  organ- 

'Tat  rat.  ud  bibi,  of  sonnrThiBsl  eodocsrdiiia  see  Z^riiirau,  Am.  Jour.  Hed.  Sci.,  voL  cxxi.,  p. 
U.  1901.    ForUterBummiry  XfiJAa,  Wisnerklin.  Woch.,  Jan.  3.  1007,  p.  II. 

Nav.  4th,  p.  IZOO,  I8K.     For  k  itudy  of  the  menincDcoccuii  it 

Pcnu..  vol.  Tvi.,  p.  180. 1903,  aad  Ceca  uid  Saper,  Arch.  IdL  N 

■Fori  iludy  of  local  prediaposins  factors  in  maliKnant  eD< 

£6.,  ToL  leiii.,  p.  6S.  1887;  for  experimenlal  endocardide  sec  R 
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ized  vegetatioDB  on  the  valves  or  general  endocardium;  in  other  cases 
necrosis  either  of  the  new-formed  or  the  old  tissue  is  the  most  marked 


Shovins  (nmular  throml 


Showing  fibroua  "vegetation"  on  (be  mitral  valve.     'WIUi  a  luis  blood  clot  foimed  upos  it- 

feature.  Thrombi  are  apt  to  form  on  the  affected  surfaces  and  often 
largely  make  up  the  so-called  vegetations.  The  mitral  and  aortic  valves 
are  frequently  the  seat  of  the  lesion,  but  it  may  occur  elsewhere. 
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Detachment  of  bacteria  cotttainiDg  fragments  of  the  vegetations  or 
clots  may  give  rise  to  single  or  multiple  infectious  emboli  and  abscesses 
in  various  parts  of  the  body,  such  as  the  spleen,  iddneys,  brain,  skin, 
heart  wall,  etc.  Bacteria  similar  to  those  in  the  heart  lesion  may  be 
found  in  these  secondary  abscesses. 

It  is  probable  that  abscesses  in  ulcerative  endocarditis  do  not  always 
arise  from  cardiac  emboli,  but  may  precede  the  heart  lesion.'  •       ^ 

3.  Chronic  endocarditis  may  succeed  acute  endocarditis,  or  the  inflam- 
mation may  be  chronic  from  the  outset.  It  afTects  most  frequently  the 
aortic  and  mitral  valves,  and  the  endocardium  of  the  left  auricle  and 
ventricle,  similar  changes  in  the  right  side  of  the  heart  being  much  less 
frequent. 


There  are  two  main  anatomical  varieties  of  chronic  endocarditis,  which 
may  occur  separately  or  together: 

1.  The  endocardium  is  thick  and  dense,  its  surfaces  are  smooth  or 
covered  with  small,  hard  vegetations  or  ridges  (Figs.  336  and  337);  it  is 
often  infiltrated  with  the  salts  of  lime. 

2.  There  is  a  growth  of  connective-tissue  cells  in  the  endocardium, 

>  For  ■  atudy  of  chronic  infectious  endocarditii,  see  BiUitie;  Arch.  Int.'  Med.,  iv.,  400. 1009:  for 
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with  a  splitting-up  of  the  basement  substance.  Some  of  the  new  cells 
continue  to  live,  others  degenerate.  By  the  combination  of  such  a  ceU 
growth  and  destruction  the  endocardium  is  in  some  places  destroyed,  in 
others  changed  into  projecting  vegetations  (see  Fig.  338).  Fibrin  ia 
deposited  on  the  roughened  surfaces  (Figs.  339  and  340).  After  a  time 
the  condition  may  be  further  complicated  by  the  shrinkage  and  deposition 
of  the  salts  of  lime  in  the  new  tissue  and  in  the  endocardium  (Fig,  338). 
All  these  changes  may  extend  to  the  wall  of  the  heart  beneath  the  endo- 
cardium. As  the  result  of  the  new  formation  of  connective  tissue  the 
cusps  of  the  valves  may  be  shortened  or  grown  together  or  adherent  to 
the  heart  wall.  The  chords  tendinese  may  be  shortened  and  the  papillary 
muscle  fibres  shortened  and  distorted. 

The  most  important  result  of  chronic  endocarditis  is  its  effect  on 
the  heart  valves,  producing  insufficiency  and  stenosis  (Figs.  341  and  342). 


The  changes  in  the  valves  are  followed  by  changes  in  the  walls  and  cav- 
ities of  the  heart,  and  disturbances  of  the  circulation  throughout  the 
body  (see  p.  552). 

4.  Chronic  Ulcerative  Endocarditis. — Large  ulcers  or  perforationfi  of 
the  valves  may  be  formed  in  chronic  endocarditis,  upon  which  clots 
may  form,  so  that  in  gross  appearance  a  great  similarity  exists  between 
this  and  malignant  ulcerative  endocarditis,  particularly  if  the  latter 
have  been  engrafted  upon  an  already  chronically  diseased  endocardium- 
The  microscopical  and  biological  examinations  must  usually  be  resorted 
to  in  order  to  determine  the  exact  significance  of  the  lesion. 

5-  Tuberculous  Endocarditis  may  occur  in  connection  with  tubercu- 
lous pericarditis  or  general  miliary  tuberculosis.  The  tubercles  may  be 
small  and  single,  or  grouped  In  masses,  and  show  the  usual  degenerative 
changes.' 

>  See  refereuM,  Mnn,  p.  542;  abo  Elienne,  Arch,  de  mM.  eip..  vol.  x..  p.  116, 1S98. 
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STOKES-ABAUS'  DISEASE.' 


In  this  disease  there  is  a  slow  pulse,  sometimes  accompanied  by 
pulsation  in  the  veins  of  the  neck,  which  is  more  frequent  than  the  beat 
of  the  ventricles.  This  is  associated  with  attacks  of  syncope  with  a 
very  slow  pulse  rate.  This  lack  of  rhythm  in  the  beat  of  the  auricles 
and  ventricles  is  sometimes  considerable,  the  former  sometimes  con- 
tracting three  or  four  times  as  often  as  the  latter.  This  condition,  called 
"heart-block,"  is  attributable  to  interference  with  the  muscular  connec- 
tion which  has  been  shown  to  exist  between  the  auricles  and  ventricles. 


PlO.   342.— ChHONIC   EKBOCiBOITtd   WITH   CALCino*TION   OF  THE    Thicebnbd   VAuna. 


It  was  formerly  believed  that  the  impulse  which  causes  the  walls  of 
the  chambers  of  the  heart  to  contract  arises  in  the  automatic  heart 
ganglia,  and  is  conveyed  to  the  muscle  cells  by  nerves.  The  more 
modem  view  is  that  the  impulse  arises  in  the  musculature  of  the  great 
veins  and  is  propagated  to  the  walls  of  the  heart  chambers  through  their 
musculature.' 

1  For  ft  study  ol  thii  condition  see  Erlaniirr,  Jour.  Exp.  Med.,  toL  vii.,  p.  876,  1905;  ftbo  ibid,,  vol. 
TiiL.  p.  S.  I  WW. 

>  For  s  sumuuiry  with  bibliocrephy  of  theuuse  o(  tbe  beat  see  Souwtl,  "Harvey  Lectures."  1905- 
IflOt;  and  EHange.  Arch.  Int.  Med..  1S13.  xi.,  334. 
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His  has  shown  that  in  mammals  there  is  a  narrow  band  of  muscle 
joining  the  septa  of  the  auricles  and  ventricles.  This  is  called  the 
"  auriculo-ventricular  bundle  of  His,"^  and  it  is  important  in  regulating 
the  heart  beats. 

In  many  cases  of  Stokes- Adams '  disease,  autopsy  has  failed  to  reveal 
lesions  directly  involving  the  region  of  the  His  bundle,  but  in  others 
lesions  have  been  found.  In  one  case  a  small  mural  tumor  was  dis- 
covered; in  another  a  gumma;'  in  another*  there  was  a  patch  of  sclerosis 
and  atheroma  involving  the  bundle;  in  still  other  cases  lesions  have  been 
found.*  The  experiments  on  animals  in  which  heart-block  has  been 
induced  by  injuries  of  the  wall  near  or  involving  the  His  bundle,  together 
with  the  observed  local  lesion,  show  the  importance  of  careful  examina- 
tion of  this  region  in  such  cases. 

Other  forms  of  irregular  heart  action,  palpitation,  arrhythmia,  tachy- 
cardia (rapid  heart) ,  brachycardia  (slow  heart)  are  so  frequently  unasso- 
ciated  with  obvious  lesions  that  we  refer  for  their  consideration  to  trea- 
tises on  clinical  pathology.* 


HYPERTROPHY  AND  DILATATION  OF  THE  HEART. 

We  have  seen  in  an  earlier  chapter  that  the  circulation  of  the  blood 
may  be  impaired  by  deficient  cardiac  power,  such  as  may  result  from 
innutrition  of  the  muscle  from  general  causes,  or  from  obstruction  of  the 
coronary  arteries,  from  degenerative  changes  in  the  muscle,  faulty 
innervation,  the  action  of  poisons,  etc. 

But  with  unimpaired  vigor  of  the  heart  muscle  the  circulation  may 
be  interfered  with  by  many  abnormal  conditions.  If  the  orifices  of  the 
heart  are  narrowed  the  blood  is  forced  through  them  with  difficulty; 
if  the  valves  are  defective  the  blood  regurgitates.  If  there  be  obstruction 
in  the  vascular  system  the  flow  of  blood  is  retarded. 

Under  these  and  many  otlier  conditions  an  unusual  amount  of  work 
is  thrown  upon  the  heart  muscle,  which  may  adapt  itself  to  its  unusual 
tasks  by  a  hypertrophy  which  more  or  less  fully  compensates  for  the 
difficulties  of  the  circulation.*  This  is  compensatory  hypertrophy  of  the 
heart.     The  portion  of  the  heart  muscle  especially  involved  in  hyper- 

^  See  Erlanger,  ref.  above,  for  more  detailed  description  of  the  His  bundle  and  r^.  to  HtM  and 

The  following  summary  descriptive  of  the  bundle  is  given  by  Erlanger  after  Retter:  **The  auricub- 
ventricular  bundle  runs  posteriorly  in  the  septum  of  the  ventricles  about  10  mm.  below  the  posterior 
leaflet  of  the  aortic  semilunar  valves;  with  a  gentle  curve  it  passes  posteriorly  just  over  the  upper  edge 
of  the  muscular  septum  and  sends  its  fibres  into  the  musculature  of  the  right  auricle  and  of  the  aurieolsr 
valves.  .  .     In  the  heart  of  the  adult  the  bundle  is  18  mm.  long,  2.5  mm.  wide,  and  1.5  nun.  thick." 

See  also  for  description  of  the  bundle,  with  illustrations,  Keith  and  Flaek,  Lancet,  1906,  voL  ii. 
p.  359.     Also  Tavfora,     Ziegler's  Beit.,  1906,  xxxix.,  563,  ibid,  Reisleitungssystem,  Jena,  1906. 

'  See  Afhton,  Norris,  and  Laventon,  Am.  Jour.  Med.  Sci.,  vol.  cxxxiiL,  p.  28,  1907. 

*  See  Stengel,  Amer.  Jour.  Med.  Sciences,  vol.  cxxx.,  p.  1083,  1905. 

*  See  SchmoU,  Deutsch.  Arch.  f.  klin.  Med.,  Bd.  Ixxxvii.,  p.  554, 1906. 

*For  details  see  Mackenzie,  Diseases  of  the  Heart.  London,  1908;  Lewis,  Mechanism  of  the 
Heart  Beat,  London,  1911 ;  and  Lewie,  Clinical  Disorders  of  the  Heart  Beat,  London,  1912. 

*For  a  suggestive  study  of  cardiac  hypertrophy  as  an  adaptive  process  see  Weleh^  "Adaptation in 
Pathological  Processes,"  Trans.  Congr.  of  American  Phys.  and  Surg.,  vol.  iv.,  1897. 

For  a  comprehensive  risumi  of  the  normal  and  pathological  physiology  of  the  heart  and  its  mo^ 
phological  and  functional  lesions  see  Heinz,  "Handbuch  d.  exp.  Path,  und  Pharmakol.,"  1905,  Bd.  I 
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trophy  is  determined  by  the  location  of  the  obstruction  to  the  circulation. 
The  hypertrophy  is  usually  associated  with  dilatation  of  one  or  more  of 
the  heart  cavities. 

Hypertrophy  may  involve  the  walls  of  one  or  more  or  all  the  cavities 
of  the  heart.  While  the  wall  of  a  ventricle  is  thickened,  its  cavity  may 
retain  its  normal  size — simple  hypertrophy;  or  be  dilated — exceTilric  hyper- 
trophy; or  it  may  be  contracted — concentric  hypertrophy.  Simple  hyper- 
trophy is  not  common,  but  may  occur  in  connection  with  the  atrophied 
kidneys  of  chronic  diffuse  nephritis. 

Care  should  always  be  exercised  in  judging  of  cardiac  hypertrophy,  for 
a  firmly  contracted  heart  seems  to  have  a  small  cavity  and  thick  walls 


(Fig.  343).  It  should  also  be  borne  in  mind  that  an  increase  in  the 
amount  of  fat  in  and  about  the  heart  may  make  the  organ  appear  larger, 
when  there  may  be  actually  a  considerable  decrease  in  the  amount  of 
muscle  tissue.  The  existence  of  such  a  condition  as  concentric  hyper- 
trophy is  denied  by  some  authors.  Excentric  hypertrophy  is  the  most 
common  form.  The  muscle  tissue  in  hypertrophied  hearts  is  firmer  and 
denser  than  normal,  and  is  apt  to  have  a  darker  color.  Fatty  degenera- 
tion may,  however,  be  associated  with  it,  giving  the  walls  a  lighter  appear- 
ance. It  is  probable  that  the  increase  of  tissue  in  the  hypertrophied 
heart  wall  is  the  result  of  increase  both  in  size  and  number  of  the  muscle 
fibres. 
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Hypertrophy  of  both  ventricles  increases  both  the  length  and  breadth 
of  the  heart.  Hypertrophy  of  the  left  ventricle  (alone)  increases  its 
length.  The  apex  is  then  lower  and  farther  to  the  left  than  usual. 
Hypertrophy  of  the  right  ventricle  (alone)  increases  the  breadth  of  the 
heart  toward  the  right  side;  but  sometimes  the  right  edge  of  the  heart 
retains  its  normal  situation  and  the  apex  is  displaced  to  the  left.  With 
large  hypertrophy  of  both  ventricles,  the  base  of  the  heart  may  sink,  so 
that  its  long  axis  approaches  a  horizontal  direction. 

Hypertrophied  hearts  may  weigh  from  forty  to  fifty  ounces,  or  even 
more. 

Hypertrophy  of  the  heart  may  depend  upon  a  variety  of  conditions 
which  increase  its  work. 


LESIONS  OF  THE  HEART  VALVES  IN  RELATION  TO  HYPERTROPHY  AHD 

DILATATION. 

As  the  result  of  acute  infective  processes  in  the  endocardium  the  heart 
valves  may  undergo  numerous  changes.  These  are  most  frequent  in 
connection  with  acute  articular  rheumatism,  various  forms  of  sep- 
ticaemia, typhoid  fever,  scarlatina,  gonorrhoea,  etc.  We  have  already 
seen  in  detail  the  alterations  induced  in  infections  of  the  endocardium. 
As  the  result  of  these  and  other  processes  the  heart  valves  suffer  ulcera- 
tion, thrombosis,  adhesions,  distortions;  the  chordae  tendineae  may  be 
shortened  or  the  papillary  muscles  deformed;  while  the  orifices  may  be 
less  exactly  controlled  than  normally  as  the  result  of  myocardial  lesions. 
Thus  it  frequently  occurs  that  the  orifices  of  the  heart  are  too  narrow 
or  the  valves  close  imperfectly,  or  both  conditions  are  present  together. 

The  narrowing  of  the  orifices  is  called  stenosis;  the  failure  of  the  valves 
to  close  properly  is  called  insufficiency. 

AORTIC  INSUFFICIENCY  AND  STENOSIS. 

In  insufficiency  of  the  aortic  valves  the  blood  which  has  been  sent 
forward  into  the  aorta  by  the  contraction  of  the  left  ventricle  in  part 
returns  to  the  ventricle  in  the  following  diastole  through  the  incompletely 
closed  aortic  orifice.  This,  unless  the  ventricle  wall  adapts  itself  to  the 
changed  conditions,  may  lead  to  an  interference  with  the  entrance  of 
blood  from  the  left  auricle  and  so  to  pulmonary  congestion.  Under  these 
conditions,  then,  of  aortic  insufficiency  more  work  is  thrown  upon  the 
muscle  of  the  left  ventricle,  which  may  undergo  compensatory  hyper- 
trophy. With  this  there  is  usually  associated  a  dilatation  of  the  ventricle 
cavity  on  account  of  the  larger  amount  of  blood  which  it  is  forced  to 
accommodate. 

In  stenosis  of  the  aortic  valves  there  is  obstruction  to  the  passage  of  the 
blood  into  the  aorta,  and  the  muscle  of  the  left  ventricle  is  forced  to  do 
so  much  extra  work  that  the  wall  of  the  ventricle  becomes  hypertrophied. 
This  hypertrophy  may  be  followed  by  dilatation  of  the  ventricle  through 
a  subsequent  weakening  of  the  wall. 
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MITRAL  INSUFFICIENCY  AND  STENOSIS. 

In  mitral  insufficiency  a  part  of  the  blood  during  systole  of  the  left 
ventricle  is  forced  back  into  the  auricle.  As  the  result  of  this  the  auricle 
is  forced  to  do  more  work;  its  wall  undergoes  more  or  less  hypertrophy 
and  dilatation.  Under  these  conditions  the  blood  cannot  properly  flow 
from  the  pulmonary  veins,  which  become  congested.  This  in  turn  brings 
more  work  upon  the  right  ventricle,  which  undergoes  hypertrophy.  But 
when  the  diastole  of  the  left  ventricle  occurs,  blood  flows  into  it  from 
the  auricle  and  the  pulmonary  system  under  increased  pressure,  while 
it  is  forced  to  do  more  work  in  systole  to  compensate  for  the  backward 
current  through  the  faulty  mitral  valve.  Thus  the  wall  of  the  left 
ventricle  becomes  hypertrophied  and  at  the  same  time  becomes  dilated 
from  the  increased  amount  of  blood  which  it  is  forced  to  accommodate. 

In  mitral  stenosis  the  flow  of  blood  from  the  left  auricle  into  the  left 
ventricle  is  obstructed  so  that  more  work  must  be  done  by  the  muscle  of 
the  wall  of  the  auricle.  This  undergoes  a  certain  amount  of  hypertrophy 
and  also  of  dilatation  on  account  of  the  increased  pressure  in  the  pul- 
monary veins.  For  the  pulmonary  vessels  become  overfilled  owing  to 
the  resistance  which  the  blood  encounters  in  the  obstructed  mitral 
orifice.  The  heightened  pressure  of  the  pulmonary  vessels  is  felt  in  the 
right  ventricle,  which  must  do  more  work,  and  undergoes  hypertrophy. 

As  to  the  left  ventricle,  the  wall  may  remain  unaflfected  in  uncom- 
plicated mitral  stenosis  or  may  suffer  degenerative  changes  or  atrophy 
if  the  right  heart  fails  to  compensate  properly  for  the  obstructive  lesion. 

INSUFFICIENCY  AND  STENOSIS  IN  THE  RIGHT  HEART. 

We  need  not  trace  these  lesions  of  the  right  side  of  the  heart  in  detail, 
for  the  changes  are  quite  similar  in  principle  to  those  which  we  have  just 
considered.  But  they  are  by  no  means  as  frequent  or  as  pronounced, 
nor  is  the  compensatory  mechanism  as  perfect  as  in  the  left  heart. 
Lesions  of  the  valves  of  the  right  heart  are  less  frequent  than  those  of  the 
left.  Tricuspid  lesions  infrequently  develop  in  adult  life.  Lesions  of  the 
pulmonary  valves  developing  in  the  adult  are  rare.  During  foetal  life, 
however,  lesions  of  both  of  these  valves  are  not  infrequent.  Congenital 
heart  lesions,  such  as  stenosis  of  the  pulmonary  artery,  may  lead  to  hyper- 
trophy of  the  right  ventricle. 

While  we  have  thus  briefly  touched  upon  some  of  the  more  common 
and  obvious  of  the  conditions  associated  with  the  lesions  of  one  or  the 
other  of  the  heart  valves,  there  are  many  intricacies  and  variations  for 
the  details  of  which  we  must  refer  to  special  works  on  the  subject.^ 
But  we  should  remember  that  there  are  frequent  combinations  of  valvu- 
lar lesions  on  both  sides  of  the  heart.  Thus  simple  mitral  insuflSciency 
is  common,  while  uncomplicated  mitral  stenosis  or  aortic  insuflSciency 
or  stenosis  is  less  frequent  than  are  combinations  of  insufficiency  with 
stenosis  in  either  the  mitral  or  aortic  valves. 

^See  Krehl,  "Clinical  Pathology,"  Hewlett's  Eng.  Trans..  1905. 
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SUMMARY  OF  CONDITIONS  LEADING  TO  HYPERTROPHY  OF  THE 

VENTRICLES. 

HjTpertrophy  of  the  Right  Ventricle. 

This  occurs  especially  under  conditions  which  lead  to  increased 
resistance  to  the  flow  of  blood  in  the  pulmonary  vessels,  for  exam- 
ple, in  interstitial  pneumonia,  pulmonary  tuberculosis,  emphysema 
with  chronic  bronchitis  and  pleuritis,  rarely  with  sclerosis  of  the  pul- 
monary artery  or  incompetence  or  stenosis  of  the  pulmonary  or  tricuspid 
valves.  But  lesions  of  the  mitral  valve  or  lesions  of  the  wall  of  the  left 
ventricle  interfering  with  the  pulmonary  circulation  may  indirectly  lead 
to  hypertrophy  of  the  right  ventricle. 

HjTpertrophy  of  the  Left  Ventricle. 

Aside  from  the  valvular  lesions  already  considered,  hypertrophy  of 
the  left  ventricle  may  arise  from  stenosis  of  the  aorta,  from  an  increased 
resistance  of  the  flow  of  blood  through  the  peripheral  arteries  as  in  various 
forms  of  obliterating  endarteritis  or  arterio-sclerosis,  and  from  certain 
forms  of  diffuse  nephritis.^ 

Arteries  whose  walls  are  stiffened  from  new-formed  tissue  or  from 
degeneration  or  calcareous  infiltration,  or  whose  lumina  are  obstructed 
through  obliterating  endarteritis,  do  not  so  readily  dilate  as  in  normal 
conditions,  nor  do  they  promptly  and  readily  recover  when  the  heart 
pressure  is  reduced  in  diastole.  Thus  it  is  that,  since  the  elasticity  of 
the  arteries  is  an  important  factor  in  the  maintenance  of  the  circulation, 
more  work  in  the  conditions  above  indicated  is  thrown  upon  the  heart, 
which  may  lead  to  its  hypertrophy. 

The  relationship  of  arterio-sclerosis  to  h)rpertrophy  of  the  heart  is 
most  complex  and  the  results  of  recorded  observations  conflicting.  One 
of  the  chief  reasons  for  this  uncertaintv  is  doubtless  the  crude  methods 
of  determination  of  both  the  degree  and  seat  of  the  hypertrophy  and  the 
character  and  grade  of  the  arterial  lesion.  The  common  method  of 
determining  hypertrophy  of  the  heart  by  simple  inspection  or  by  measure- 
ment of  the  thickness  of  the  heart  wall  is  essentially  faulty  because  no 
account  is  taken  of  the  degree  of  contraction  of  the  muscle  wall  of  the 
heart  which  makes  the  greatest  difference  in  its  thickness.  Only  by  the 
method  of  W.  Miiller,  in  which,  after  the  removal  of  the  fat  about  the 
heart,  the  muscle  wall  of  each  cavity  is  separated  and  weighed  and  the 
weight  of  each  part  compared  with  the  weight  of  the  whole  heart,  and 
its  proportional  weight  to  that  of  the  whole  body,  or  by  some  similar 
method,  can  exact  data  be  obtained.* 

Furthermore,  the  full  significance  of  arterio-sclerosis  can  be  deter- 
mined only  by  the  more  exact  methods  suggested  by  Thoma.* 

1  For  an  experimental  study  of  hypertrophy  of  the  left  ventricle  with  diminished  kidney  itruetura 
see  Pdsaler  and  Heineke,  ref.  foot-note,  p.  768. 

*  See  Miiller,  "  Die  Massenverh&ltnisse  des  menschl.  Hersens,"  1883;  also  summary  by  HoMnftU, 
Deutsch.  Arch.  f.  klin.  Med..  Bd.  lix.,  p.  205,  1897;  and  Hirach,  Deutsch.  Arch.  f.  klin.  Med.,  Bd. 
Ixviii.,  pp.  55  and  321,  1900. 

*  Thoma,  Virchow's  Arch.,  Bd.  civ.,  and  following  volumes. 
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The  arterial  lesions  which  appear  to  be  of  most  significance  in  relation 
to  hypertrophy  of  the  heart  are  those  of  the  upper  aorta  and  those  of 
the  splanchnic  system.^  To  what  extent  the  association  of  kidney  lesions 
and  hypertrophy  of  the  heart  are  dependent  upon  arterial  lesions  can  be 
determined  only  by  the  accumulation  of  data  by  the  more  exact  methods 
above  indicated. 

Hypertrophy  of  Both  Ventricles  from  General  Conditions. 

Hypertrophy  of  the  heart  may  accompany  any  condition  which 
leads  to  a  prolonged  increase  in  the  rapidity  of  its  contractions.  It 
may  accompany  exophthalmic  goitre.  It  may  be  associated  with  severe 
or  persistent  muscular  exertion,  or  excesses  in  beer-drinking  or  other 
indulgences.  It  may  be  associated  with  chronic  pericarditis  with 
adhesions.  With  the  h)rpertrophy  arising  under  these  general  conditions 
there  may  be  also  varying  degrees  of  dilatation.' 

The  Limitations  of  Compensatory  Hjrpertrophy. 

While  the  hypertrophy  of  the  heart  may  for  a  longer  or  shorter  time 
measurably  compensate  for  the  various  disturbances  of  the  circulation 
which  have  been  considered,  it  is  by  no  means  always  a  perfect  or  per- 
manent adaptive  measure. 

Excessive  functional  demands  upon  the  heart,  interstitial  myocar- 
ditis, which  may  have  preceded  the  hypertrophy  or  followed  it,  degener- 
ation of  the  muscle,  dilatation  of  the  cavities,  obliterating  inflammation 
and  degeneration  of  the  coronary  arteries,  singly  or  in  various  combina- 
tions, may  in  h3rpertrophied  as  in  other  hearts  lead  to  irreparable  damage 
to  the  organ. 

DILATATION  OF  THE  HEART. 

In  certain  valvular  lesions  of  the  heart,  as  we  have  seen  above  (p.  552), 
there  occurs  a  dilatation  of  the  heart  cavities  associated  with  hyper- 
trophy of  the  muscle.  This  provides  for  the  larger  amount  of  blood  which 
the  cavities  are  obliged  to  receive  and  propel,  and  is  thus  compensatory 
and  conservative.  This  is  called  active  dilatation.  On  the  other  hand 
there  may  be  no  increase  of  muscle  tissue,  but  a  thinning  of  the  walls 
proportionate  to  the  dilatation  of  the  cavity — passive  dilatation. 

Either  one  or  all  of  the  heart  cavities  may  be  dilated,  the  auricles 
most  frequently;  next  the  right  ventricle;  least  often  the  left  ventricle. 

Active  dilatation  has  been  already  considered  with  hypertrophy. 

Passive  dilatation  may  be  associated  with: 

1.  Changes  in  the  valves.  Mitral  or  aortic  stenosis  or  insufl5ciency 
may  lead  to  dilatation  of  the  auricles  and  right  ventricle.  Pulmonary 
stenosis  or  insufficiency  may  lead  to  dilatation  of  the  right  auricle  and 

1  See  Haunfddt  ref.  above. 

'  Howard* 9  table  of  105  cases  of  cardiac  hypertrophy  shows  its  association  with  arterio-sclerosis  in 
59  per  cent.;  with  nephritis  in  13.4  per  cent.;  with  valvular  lesion  in  12.4  percent.  Johns  Hopkins 
Hospital  Reports,  vol.  iii.,  p.  265,  1894.     For  possible  errors  in  such  statistics  see  p.  554. 
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right  ventricle.  Aortic  insufficiency,  with  or  without  stenosis  or  mitral 
insufficiency,  may  lead  to  dilatation  of  the  left  ventricle.  Dilatations 
under  these  conditions  are  often  succeeded  and  compensated  for  by 
hypertrophy  of  the  heart  walls. 

2.  Changes  in  the  muscle  tissue  of  the  heart  walls.  Serous  infiltra- 
tion from  pericarditis,  myocarditis,  fatty  degeneration  and  infiltration, 
atrophy  of  the  muscle  fibres,  may  all  lead  to  dilatation. 

3.  A  heart  which  is  already  hypertrophied  may,  as  we  have  seen,  from 
degeneration  of  the  muscle,  become  dilated. 

4.  Acute  exudative  inflammation  of  the  lungs  and  acute  pleuritic 
exudations,  by  rendering  a  large  number  of  vessels  suddenly  imperme- 
able to  the  blood  current,  may  produce  sudden  stasis  in  the  pulmonary 
artery  and  dilatation  of  the  right  heart. 

5.  There  are  curious  and  often  serious  cases  of  acute  and  chronic 
dilatation  of  the  ventricles  for  which  no  mechanical  explanation  is 
found. 

TUMORS. 

Primary  tumors  in  the  heart  are  rare,  but  sarcomata,  myxomatt,^ 
fibromata,  and  lipomata  may  occur.  Rhabdomyomata,  probably  con- 
genital, may  occur  in  the  heart  wall  as  circumscribed  nodular  masses.' 
A  cavernous  tumor  of  this  kind  has  been  described.  Secondary  tumors, 
as  a  result  of  metastasis  or  of  continuous  growth  from  the  pleura  or 
oesophagus  or  other  adjacent  parts,  are  not  very  infrequent.  These  are 
usually  carcinomata  or  sarcomata.  Secondary  chondromata  have  been 
observed.'    A  few  tumors  of  the  heart  valves  have  been  described.* 

PARASITES. 

Echinococcus  sometimes  occurs  in  the  heart  wall  and  may  perforate 
into  the  cavities.     Cystlcercus  cellulosse  has  been  observed. 

The  Blood -Vessels. 

HYPOPLASIA,  ATROPHY,  AND  HYPERTROPHY. 

Hypoplasia. — The  aorta  and  larger  vessels  are  sometimes  dispro- 
portionately small  as  a  congenital  condition — ^hypoplasia — in  which 
the  heart  may  also  share.*  This  condition  may  be  associated  with  the 
so-called  "status  lymphaticus"  (p.  439),  and  may  accompany  chlorosis. 

Atrophy  of  the  blood-vessels  may  involve  the  entire  trunk  or  some  of 
its  elements.     It  may  occur  as  a  part  of  general  malnutrition  of  the  body, 

1  See  for  study  of  myxoma  of  heart  Leonhardt,  Virch.  Arch.,  Bd.  clxzxi,  p.  347»  1905,  bibL;  ftbo 
BaemeiHer,  Cbl.  f.  allg.  Path.,  Bd.  xvii.,  p.  257.  1906. 

>  Seiffert,  Ziegler's  Beitr.,  Bd.  zxvii.,  p.  145.  1900,  bibliography;  also  Knox  and  Sehorer,  Arch,  of 
Pediat..  Aug..  1906;  also  WoWach,  Jour.  Med.  Ree..  xvi.,  495. 1907. 

*  For  bibliography  of  heart  tumors  consult  Berthenson,  Arch,  de  m^  exp.,  yoL  v.,  p.  386, 1803. 

*  See  Dj'ewiUku,  Virch.  Arch.,  Bd.  cbcxxv.,  p.  195,  1906. 

*  For  a  study  of  hypoplasia  of  the  arterial  system  see  von  Rxtodk,  Zeito.  f.  klin.  Med.,  Bd.  bd.,  p. 
32.  1907. 
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or  in  connection  with  atrophy  of  particular  organs,  or  as  an  accompani- 
ment of  various  diseases  of  the  vessels  themselves. 

Hypertrophy,  which  is  especially  seen  in  the  arteries,  may  occur  in  the 
establishment  of  a  collateral  circulation  upon  thi^  closure  of  arterial 
trunks;  or  it  may  occur  as  the  result  of  increased  blood  pressure,  as  in 
some  forms  of  hypertrophy  of  the  heart,  or  from  overwork.  While  all 
the  coats  of  the  vessel  may  be  involved  in  hjrpertrophy  the  media  is  apt 
to  be  especially  affected.  This  is  seen  in  chronic  diffuse  nephritis.  The 
hypertrophied  media  is  liable  to  degeneration  and  weakening  leading 
to  arterio-sclerosis  (see  p.  564). 

The  Arteries. 

RUPTURE  AHD  WOUNDS. 

The  arteries  are  predisposed  to  rupture  by  fatty  degeneration,  arterio- 
sclerosis with  atheroma,  and  in  various  forms  of  acute  inflammation.* 
Stenosis  of  the  aorta  may  be  followed  by  rupture  between  the  occlusion 
and  the  heart.  The  rupture  may  be  complete  or  a  dissecting  aneurism 
may  form  (see  p.  568).  Rupture  of  the  aorta  may  lead  to  sudden 
death  (Fig.  344).  There  may  be  partial  or  complete  rupture  of  an  artery 
from  contusions,  wrenchings,  falls,  etc.  The  injury  to  an  artery  from  a 
penetrating  wound  may  be  fatal  if  the  vessel  be  large.  The  wound  of  a 
small  artery  may  close  or  a  false  aneurism  may  develop  at  its  seat. 

In  the  healing  of  a  wounded  artery  the  vessel  retracts  and  contracts, 
and  a  thrombus  is  formed  within  it.  The  contraction  alone  may  be 
suflScient  to  close  the  vessel;  its  coats  thicken,  and  the  inner  surfaces 
finally  are  fused  together;  or  the  blood  coagulates  and  forms  a  thrombus 
in  the  vessel  near  the  wound.  This  thrombus  later  becomes  organized 
and  the  vessel  is  converted  into  a  fibrous  cord. 

DEGENERATION. 

Fatty  Degeneration. — This  may  occur  in  the  walls  of  otherwise  unal- 
tered vessels,  or  in  those  which  have  undergone  a  variety  of  inflamma- 
tory or  degenerative  changes.  It  may  occur  either  in  the  intima  or 
media,  or  both,  and  may  be  so  extensive  as  to  form  a  very  prominent 
gross  lesion,  or  so  little  developed  as  to  require  the  microscope  for  its 
recognition.  When  marked,  especially  if  occurring  in  the  intima  of 
large  vessels,  smaller  and  larger  spots  or  stripes  or  patches  may  be  seen, 
of  a  yellowish  white  color,  usually  sharply  circumscribed,  and  sometimes 
smooth,  sometimes  roughened  on  the  surface.  It  is  most  apt  to  occur  in 
the  aorta,  but  may  be  found  in  any  of  the  vessels.  In  moderate  degrees 
of  the  lesion  we  find  on  section  that  the  cells  of  the  intima  contain  fat 
droplets  in  greater  or  less  number.  When  further  advanced,  not  only 
are  the  cells  crowded  with  fat  droplets,  but  the  intercellular  tissue  also 
may  be  more  or  less  densely  infiltrated  with  them.  Sometimes  the  infil- 
tration is  so  dense  that  the  tissue  breaks  down,  and  there  may  be  an 

'For  a  study  of  perforations  of  aorta  in  pyaemia  see  WiUe^  Ziegler's  Beitr.,  Bd.  xxxviL,  p.  151, 
1905. 
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erosion  of  the  surface,  forming  a  so-called  fatty  ulcer.  When  the  medit 
is  involved  the  muscle  cells  contain  fat  droplets.  It  may  lead  to  the  for- 
mation of  aneurism  or  to  rupture  of  the  vessels. 

Amyloid  degeneration,  which  may  affect  all  the  coats  of  the  arteries, 
but  especially  the  intima  and  media,  has  already  been  described  in  g»i- 
eral  (p.  48).  It  will  be  further  considered  under  the  lesions  of  the 
organs  in  which  it  most  commonly  occurs. 


Fia.  344.— Tkanbvbb«b  Ruftubb  or  the  Aovta.     (Tnumatlc] 

Hyaline  degeneration  may  cause  thickening  of  the  intima  of  the  blood- 
vessels by  its  conversion  into  or  infiltration  with  a  homogeneous  matwr 
somewhat  similar  to  amyloid  (see  p.  48).  Or  it  may  involve  the  enWe 
wall  of  smaller  vessels,  converting  them  into  irregular  lumpy  wwS' 
The  lumen  of  vessels  thus  changed  may  be  obliterated  or  occluded  by 
thrombi. 
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Calcification  usually  occurs  in  vessels  otherwise  diseased ,  and  may 
involve  either  the  intima  or  media.  It  consists  in  the  deposition  of  salts 
of  lime  either  in  the  cells  or  intercellular  substance.  The  lime  may  be 
in  the  form  of  larger  or  smaller  granules  or  in  dense  translucent  plates. 

INFLAMMATION. 

Acute  Arteritis. — Acute  inflammation  of  the  walls  of  the  arteries  is,  in 
the  majority  of  cases,  the  result  of  injury,  or  of  an  inflammation  in  the 
vicinity  of  the  vessel,  or  of  the  lodgment  within  it  of  some  foreign  body  of 
an  irritating  or  infectious  nature.  The  inflammatory  process  may  be 
largely  confined  to  the  inner  coat  of  the  vessels — endarteritis;  or  it  may 
commence  in  the  outer  coats — periarteritis;  or  it  may  involve  the  entire 
waU. 

The  blood-vessels  in  the  outer  coats  may  be  congested,  the  tissue 
oedematous  and  infiltrated  with  pus  cells,  and  the  entire  wall  may 
become  necrotic.  The  intima,  if  this  layer  be  involved,  loses  its  natural 
gloss  and  looks  dull  yellowish  and  is  swollen  and  may  then  ulcerate. 
Under  these  conditions  thrombi  usually  form,  and  in  these  may  occur 
the  various  changes  which  have  been  already  described  on  page  24.  But 
the  process  may  originate  in  an  infective  thrombus  or  embolus  most 
commonly  associated  with  Streptococcus  or  Staphylococcus  pyogenes, 
— thromboarteritis — embolic  arteritis . 

In  cerebro-spinal  meningitis,  whether  this  be  incited  by  the  meningo- 
coccus, streptococcus,  pneumococcus,  or  by  the  tubercle  bacillus,  there 
may  be  an  acute  endarteritis  characterized  by  the  accumulation  of  leuco- 
cytes and  polyhedral  cells  beneath  the  endothelium,  often  raising  this 
layer  from  the  underlying  tissue  (Figs.  128  and  129).     This  lesion  may 
occur  with  or  without  the  involvement  of  the  outer  layers  of  the  vessel.* 
Rupture  of  the  artery  with  more  or  less  extensive  haemorrhage  may 
follow  acute  suppurative  and  necrotic  inflammation  of  these  vessels. 
Thus  false  aneurisms  (see  p.  568)  may  be  formed.     Or  true  aneurisms 
may  be  developed  at  the  weakened  point.     In  healing,  fibrous  tissue  may 
form,  leading  to  various  phases  of  arterio-sclerosis.    Finally,  as  the  result 
of  organization  of  thrombi  (see  p.  27),  which  may  be  present,  new  tissue 
may  form  within  the  lumen  of  the  involved  vessel — thromboarteritis 
proliferans, 

Arterio-sclerosis  (Chronic  Arteritis). — Since  the  publication  of  the 
studies  of  Gull  and  Sutton  on  arterio-capillary  fibrosis,  attention  has  been 
every  year  more  and  more  directed  to  chronic  pathological  changes  in 
the  arteries  as  of  great  frequency  and  importance.  These  changes 
are  productive  and  degenerative  in  character  and  have  an  important 
bearing  upon  the  circulation  and  upon  the  integrity  of  the  vessel  walls. 
They  are  in  part  primary,  in  part  secondary,  and  may  involve  single 
vessels  or  vascular  territories  or  may  affect  the  entire  vascular  system. 
The  lesions  differ  somewhat  in  the  small  and  large  vessels.     In  very 

*  For  a  study  of  this  lesion  of  the  subendothelial  layers  of  the  arteries  in  tuberculosis,  see  Hektoen^ 
Jour.  Exp.  Med.,  vol.  i.,  p.  112,  1896,  bibl.     See  also  Flexner,  ref.,  p.  225.     For  a  study  of  arterial 
lesions  and  infectious  diseases  see  Frotkingham,  Arch.  Int.  Med.,  1911,  viii.,  153. 
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small  arteries  there  is  a  more  or  leas  general  though  not  uniform  thicken- 
ing of  the  intima  (Figs.  345  and  346).    This  is  due  in  part  to  a  ppolifer- 


The  Qew-foimed  tinue  n  mci«  Bbusdint  it 
me  side  of  tha  venel,  vhen  the  otCRuI  au 
.n   pouched.      There  is  d^nentioo  at  IM 


ation  of  the  endothelium,  in  part  to  increase  in  the  connective  tissue  of  the 
intermediary  layer.  In  this  way  a  considerable  amount  of  moderately 
cellular  fibrous  tissue  (Fig,  348)  may  form  within  the  membrana  elastics, 


lATIHO    EnDARTERITIB. 

reae  or  the  toe.     Then  ii  abo  Sbnnn  tUcluuK  o' 


and  the  lumen  may  be  largely  or  wholly  obliterated — oblileToting  endarter- 
itis.   The  middle  coat  as  well  as  the  inner  may  be  thickened  (Fig.  31^)> 
In  larger  arteries  the  new  tissue  may  form  beneath  the  endothelium 
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diffusely  or  in  circumscribed  masses,  or  may  encircle  the  vessel.    The 
endothelium  over  the  involved  areas  may  remain  intact  or  it  may  pro- 
liferate or  become  fatty  or  necrotic.     The  new-formed  fibrous  tissue  of 
the  intitna,  which  may  contain  also  new  elastic  fibres,'  is  usually  dense, 
having  few  cells,  and  ia  prone  to  undergo 
fatty  degeneration,  to  become  necrotic, 
and  to  dbintegrate,  and  thus  larger  and 
smaller  cavities,  filled  with  disintegrated 
tissue,    fat,   and   cholesterin    crystals, 
may  develop  in  the  new-formed  tissue 

(Figs.  346  and  349).     These  are  called      „     ,„    „  ^      ^ 

atneromatous  cysts.      Ihey  may  extend  tbi  Intiua  in  ARnuD-w^usoan, 

toward   the  lumen  of  the  vessels,  into 

which  they  may  open,  giving  rise  to  emboli  and  forming  rough-edged 
ulcers,  often  with  undermined  edges.  Upon  these  thrombi  may  form. 
In  the  new-formed  tissue  of  the  intima,  as  well  as  in  the  necrotic  foci 
and  in  the  detritus  of  the  cysts,  calcification  may  occur. 

Fatty  degeneration,  atrophy,  and  calcification  may  occur  in  the  mus- 


cularis  and  adventitia  of  the  involved  vessels.     There  may  be  degener- 
ation and  atrophy  of  the  elastic  lamime. 

Similar  processes  may  occur  in  the  aorta,  the  new  tissue  growth  and 
the  degeneration  being  less  definitely  limited  to  the  inner  layer  of  the 
wall.     The  elastic  lamins  may  be  degenerated,  partially  atrophied   or 

iSeaJoTH,  Zieakr'a  B«itr.,  Bd.  uiv.,  p.  45S,  18S8,  bibL 

*  The  word  ■Iheroma  ia  aonietuim  applied  lo  the  whole  procng  of  artcrio-iiclenHiB.  but  it  would  b« 
*«n  to  limit  it  to  Ihs  desmentiTs  pbsMs  which  result  in  Mfieaiog  of  the  tissuea. 
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abeent,  in  patches  in  the  wall  of  the  vessel  (Fig.  350).     The  aorta  may 
thus  be  beset  with  larger  and  smaller,  irregular,  white,  hard,  elevated 


thickenings  (Fig.  351) ,  often  yellowish  from  fatty  degeneration.     Beneath 
these  there  may  be  atheromatous  softening,  or  these  sclerotic  areas  may 


be  calcified  and  project  as  hard,  often  brownish  plates  with  smooth  or 
rough  edges.     The  surface  of  the  aorta  may  be  rough  from  erosion  over 
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the  degenerated  areaB,  and  upon  these  or  elsewhere  parietal  thrombi  may 
form  (Fig.  352).  Such  sclerotic  areas  are  often  well  marked  at  the 
junction  of  smaller  vessels  with  the  aorta. 

We  have  seen  that  in  the  smaller  vessels  arterio-sclerosis  may  lead  to 
extreme  narrowing  or  occlusion  of  the  lumen.     When  this  does  not  occur, 


Fro.  352. — Chkonic  iNrLAUUATiOH  or  tbb  Ao«ta — Athbboiu  of  the  Aorta. 
Sectkm  abowing:  iavolvemenC  of  all  the  layen-     The  tbickeDing  of  tbs  iutims  t)  irreoular.  ud 
«reu  of  decmeration  are  seen  in  ils  deeper  portion.     Palchce  of  fibrous  tisaue  are  preieDt  in  the  musou- 
luis.     A  imBll  Ihnnubus  hai  formed  upon  the  BurfHce. 

and  especially  in  the  medium-sized  arteries,  since  the  new  tissue  is  less 
elastic  than  normal  and  liable  to  yield  to  the  pressure  of  the  blood,  the 
lumen  may  in  places  be  dilated  (Fig.  353)  or  the  wall  may  rupture.  In 
this  way  aneurisms  may  form.  This  is  especially  apt  to  occur  when 
atheromatous  degeneration  has  taken  place  and  the  muscularis  is  either 


atrophied  or  degenerated.     In  the  aorta  also  dilatation  and  rupture  may 
occur. 

Arterio-sclerosis  may  be  largely  limited  to  the  aorta  or  to  other  single 
vessels,  or  it  may  occur  in  special  vascular  tracts,  such  as  those  of  the 
brain  or  heart. 
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As  the  result  of  arterio-sclerosis  a  great  variety  of  circulator^'  dis- 
turbances may  arise,  both  local  and  general.  The  effect  upon  the  heart 
of  the  narrowing  of  the  lumen  of  the  arteries,  as  well  as  the  loss  of  their 
elasticity,  we  have  seen  above  (p.  554).^ 

The  Conditions  Leading  to  Arterio-sclerosis. — The  lesions  of 
arterio-sclerosis  often  occur  with  gout,  syphilis,  chronic  lead  and  alcohol 
poisoning,  overwork,  and  overfeeding.  They  are  usual  in  senility,'  and 
predisposition  to  them  may  be  inherited.  They  may  be  associated  with 
cardiac  hypertrophy  from  valvular  lesions  or  with  chronic  diffuse  nephri- 
tis or  other  conditions  involving  increased  arterial  tension.  They 
may  occur  locally  in  connection  with  tumors.  In  various  acute  infec- 
tions— diphtheria,  scarlatina,  tjrphoid  fever,  influenza,  pneumonia,  and 
pyaemia — localized  lesions  of  the  medium-sized  arteries  may  occur,  leading 
to  sclerosis.  There  is  degeneration  of  the  smooth  muscle  cells  and  the 
elastic  tissue  of  the  media  occurring  in  patches  and  followed  by  necrosis. 
These  local  lesions  may  heal  by  connective-tissue  formation,  or  they  may 
involve  the  intima,  leading  to  sclerosis  and  more  or  less  obstruction  of  the 
lumen.  The  aorta,  the  arteries  of  the  brain,  and  the  coronaries  are 
frequently  involved.' 

While  the  mechanical  conditions  under  which  arterio-sclerosis  devel- 
ops are  not  very  fully  understood,  the  studies  of  Thoma  have  pointed 
the  way  along  which  fruitful  research  may  be  confidently  expected. 

In  accordance  with  the  results  of  Thoma 's  experiments  one  may 
regard  the  primary  lesions  of  arterio-sclerosis  as  a  compensatory  hjrper- 
plasia  of  the  intima.  If  for  any  reason — congenital  defects,  for  example 
— the  wall  of  the  artery  in  a  given  region,  as  is  the  case  in  the  circum- 
scribed or  nodular  forms  of  arterio-sclerosis,  be  weakened  and  yields 
to  the  blood  pressure,  it  is  at  this  point  that  the  new  tissue  forms  in  the 
intima  and  restores  the  lumen  to  its  natural  calibre  (see  Figs.  346  and 
353)  with  restitution  of  the  rate  of  blood  flow.  That  this  compensation 
is  often  incomplete  or  temporary,  or  that  it  brings  with  it  other  and  often 
serious  complications,  does  not  militate  against  this  view  of  the  signifi- 
cance of  these  blood-vessel  lesions,  and  is  only  one  of  many  examples  of 
imperfect  adaptation  in  pathological  processes.* 

Many  conditions  other  than  congenital  defects  in  the  vessel  walls 
may  result  in  arterio-sclerosis.  In  fact  any  long  continued  disturbance 
of  the  normal  balance  between  the  blood  pressure  and  the  resistance  of 
the  vessel  wall  apparently  may  lead  in  a  variety  of  ways  to  arterio- 
sclerosis. Thus  syphilitic  inflammation  of  the  arterial  wall  with  necrosis 
may  result  in  the  formation  of  scar  tissue,  replacing  the  muscular  and 
elastic  supports  of  the  walls  by  less  resistant  structures.  The  effects  of 
alien  substances  or  of  natural  substances  in  undue  amount  in  the  blood, 
which  induce  a  continuing  contraction  of  the  muscularis  of  the  arteries, 
or  of  overwork  may  lead  through  a  primary  hypertrophy  followed  by 

*  For  a  comprehensive  risunU  of  the  normal  and  pathological  physiology  of  the  blood-veweb  «• 
Heinz,  Handbuch  d.  exp.  Path,  und  Pharmakol.,  1905,  Bd.  ii. 

*  For  changes  in  elastic  tissue  in  aorta  in  advancing  age,  Foster,  Jour.  Med.  Res.,  xxi.,  297, 1909. 
»  See  Wieael,  Zeita.  f.  Heilkunde,  Abt.  d.  path.  Anat.,  Bd.  xxvii.,  p.  262,  1906. 

*  See  reference  to  Welch,  p.  110. 
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degeneration  of  the  muscle  cells  to  a  general  weakness  of  the  walls  with 
coincident  general  or  local  thickening  of  the  intima.  Senile  or  other 
general  degeneration  of  the  media  with  widespread  calcareous  de- 
posits may  determine  sclerotic  changes  in  the  intima.  In  all  these  cases 
the  intimal  thickening  is  not,  according  to  the  widely  entertained  view, 
inflammatory,  but  has  the  nature  of  a  replacement  hyperplasia  in  walls 
damaged  and  weakened  in  various  ways. 

But  this  view,  largely  inspired  by  the  work  of  Thoma,*  that  the 
intimal  lesions  in  arterio-sclerosis  are  compensatory,  has  not  found 
uruversal  acceptance.  Indeed  there  are  many  conditions  under  which 
it  seems  clear  that  the  sclerotic  lesions  of  the  intima,  while  often  asso- 
ciated with  damaging  or  destructive  changes  in  the  other  layers,  especially 
the  media,  are  not  secondary  to  them  but  are  due  to  common  agents 
acting  on  both.  Furthermore,  there  appear  to  be  intimal  inflammatory 
thickenings  induced  by  infective  or  toxic  agents  acting  primarily  on  the 
intima.' 

Finally,  there  may  be  lesions  of  the  intima  secondary  to  those  of  the 
media,  without  the  former  being  in  any  sense  compensatory. 

Classification  of  the  Forms  of  Arterio-sclerosis. — Various 
classificatio;is  of  the  lesions  of  arterio-sclerosis  have  been  made.  These 
must  all  be  considered  somewhat  arbitrary  and  superficial  until  our 
knowledge  of  the  mechanics  of  the  circulation  and  the  evolution  of  the 
lesions  are  more  clearly  defined.  Much  of  the  uncertainty  in  the  inter- 
pretation of  arterial  lesions  is  due  to  the  fact  that  observations  in  .the  past 
have  been  made  largely  on  vessels  in  the  contracted  condition  in  which 
the  cessation  of  blood  pressure  at  death  left  them.  So  that  the  exact 
condition  of  the  lumen  during  life  in  various  sclerotic  lesions  is  not  really 
known.  Thoma  places  in  one  class  the  primary  and  more  limited  nodular 
forms  of  fibrous-tissue  growth,  especially  in  the  larger  vessels,  which  he 
regards  as  compensatory  in  the  way  just  indicated;  in  another  the  diffuse 
or  secondary  form,  which  is  attributable  to  an  increased  resistance  to  the 
flow  of  blood  in  peripheral  vessels,  such  as  those  of  the  kidney,  a  weak- 
ening of  the  muscularis  through  degeneration,  the  consequent  dilata- 
tion, and  then  the  compensating  fibrous-tissue  growth  in  the  vessels 
at  large. 

Councilman'  has  grouped  the  lesions  into  three  forms:  1st,  the  nodu- 
laTy  corresponding  with  the  primary  form  of  Thoma;  2d,  a  senile  form,  in 
which  there  are  often  great  distortion  of  the  vessels,  calcification,  and 
frequent  thinning  of  the  walls;  atrophic  changes  in  the  viscera  are  apt  to 
be  associated  with  this  form  of  senile  arteritis;  3d,  a  diffuse  form  of 
marked  obliterating  endarteritis  with  fibrous  involvement  of  the  muscu- 
lar layer.     This  is  apt  to  be  associated  with  hypertrophy  and  often  with 

>  Thoma^  see  Virch.  Arch.,  Bd.  xciii.,  p.  443;  ibid.,  Bd.  cxvi.,  p.  1;  also  Thoma's  "Text-book, of 
Qoieral  Pathology,"  vol.  i.,  Eng.  trans.;  also  reference  to  Thoma's  works,  Arch.  f.  EntwickL  Mech., 
Bd  xii..  p.  352. 

*  For  summaries  of  more  recent  conceptions  of  arterio-sclerosis  see  Adami,  Am.  Jour.  Med.  Sci. 
cxxxviii.,  485,  1909;  Klotz,  Jour.  Exp.  Med.,  xii.,  707,  1910;  and  Frothingham,  Bull.  Johns  Hopkins 
Hosp.,  1913,  xxiv.,  323. 

•  For  a  ritumi  of  views  based  upon  Thoma's  studies  see  Councilman,  Trans.  Assn.  Am.  Phsrs., 
vol.  vi.  p.  179,  1891.  For  a  general  study  of  pathogenesis  of  arterio-sclerosis  see  Pic  and  Bonnamour, 
Jour,  de  phys.  et.  path,  g6n.,  t.  viii.,  p.  495,  1906,  bibl. 
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dilatation  of  the  heart,  and  with  chronic  diffuse  nephritis  often  with 
atrophy.  The  arterial  changes  may  be  marked  in  the  liver  as  weU  as  in 
the  kidneys. 

The  experimental  study  of  arterio-scleroais  has  thrown  much  light 
on  the  subject  within  the  last  few  years.  But  into  this  we  cannot  enter 
here.' 

PeriarteritiB  Hodoca. 

A  few  cases  bave  been  described  in  which  maay  of  the  bdibII  arteries  in  the  musclea 
and  in  the  viscera  were  beset  with  small  white  knobs  projecting  from  the  side  or  sur- 
rounding the  vessels.  These  circumscribed  thickenings  of  the  vessel  walls  are  apt  to 
involve  all  the  layers  of  the  vessel,  and  may  encroach  upon  the  lumen.  The  thickened 
portions  are  infiltrated  with  small  spheroidal  cells.  Multiple  aneurisms  may  develop 
at  the  seat  of  the  local  thickening.' 


SboiFuig  the  encraachmeat  of  u  am  of  tubcrculoiu  iaflunmatioD  upon  the  wall  ol  the  irUiT- 
and  the  rormatian  of  a  man  partly  occluding  the  lumea  ot  the  veoaL  Thie  (acUod  ahowi  bov  Uk 
genersliiatjon  of  the  tubercub>ua  inflammatura  throuflh  the  body  may  occur  by  the  aireepmf  a*V 
of  the  tubercle  bacilli  by  the  bkwd  and  the  eitabliabmeat  ol  new  foci  in  VBrioui  parU  of  the  bod}-. 

Tuberculous  Arteritis. — Tuberculosis  of  the  arteries  is  usually  second- 
ary, the  process  extending  to  their  walls  from  an  already  established 
focus  (Fig.  354).'  Tubercle  tissue  with  necrosis  may  involve  the  external 
layers,  while  an  obliterating  inflammation  often  closes  the  lumen.  Thus 
it  is  that  in  tuberculous  cavities  of  the  lungs  large  arterial  trunks  may 

■tudin  He  Adami  sad  NicJ>att>,  "Principlai  of  Pathologv."  vol.  ii.,  171.  IWM. 

'  Conault  t>.  Ko/Uden.  Ziecler'a  Beitr.  i.  path.  Anat.,  etc..  Bd.  iv.,  p.  SSI.  1894;  abo  Ora/.  tM. 
Bd.  xix..  p.  181,  1S9«. 

•  For  a  itudy  of  tuberculosa  of  arlarica'see  Gdtiltr,  Virsh.  Arcb..  Bd.  clixxTi..  p.  135.  1901.  bibt 
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be  laid  bare  (see  Plate  X.)  without  a  distribution  of  the  bacilli  through 
the  body  and  without  haemorrhage.  Tuberculosis  of  the  aorta  is  of  occa- 
sional occurrence.^ 

SjTphilitic  Arteritis. — In  the  more  characteristic  forms  of  this  lesion 
there  may  be  gummata  formed  in  the  walls.  Or  there  may  be  a  diffuse 
formation  of  new  cells  and  new  fibrous  tissue,  especially  in  the  adven- 
titia  of  the  vessels.  This  may  extend  to  the  middle  and  internal  layer 
and  lead  to  narrowing  of  the  lumen.  There  may  be  degeneration  and 
ulceration.  Such  lesions  may  be  circumscribed  or  extensive  and  may 
result  in  aneurism  or  rupture  or  closure  of  the  lumen.' 

Save  for  the  occasional  formation  of  gummata  and  the  frequent 
development  of  considerable  new  polyhedral-celled  tissue  there  appear 
to  be  no  distinctive  morphological  characteristics  of  syphilitic  arteritis. 

AITEURISM. 

An  aneurism  is  a  dilatation  of  an  artery,  either  cylindrical,  fusiform, 
or  sacculated,  the  walls  consisting  of  all  or  part  of  the  coats  of  the  artery 
variously  altered. 

The  conditions  which  commonly  lead  to  aneurisms  are  arterio- 
sclerosis, either  with  or  without  associated  degeneration;  or  such  local 
weakening  of  the  walls  of  the  vessels,  from  various  causes,  as  often  leads 
to  compensatory  arterio-sclerosis,  but  in  which  protective  compensation 
does  not  take  place;  or  the  blocking  of  a  vessel  by  embolus  or  trauma. 
Aneurism  may  develop  at  the  point  of  partial  rupture  of  the  walls  of  an 
artery.  Aneurisms  may  follow  the  local  necrotic  and  ulcerative  process 
in  the  walls  of  the  vessels  or  on  the  heart  valves  incited  by  infectious 
agents,  which  as  emboli  or  otherwise  have  reached  these  parts.  Such 
mycotic  aneurisms  are  frequently  multiple.' 

In  cylindrical  or  fusiform  aneurism  there  is  apt  to  be  at  first  a  disten- 
tion of  all  the  walls  of  the  vessel;  but  this  is  often  irregular,  so  that  the 
sac  may  bulge  more  in  one  place  than  in  another  (Fig.  355).  The  walls 
may  become  thin  or  through  new-formed  tissue  they  may  become 
thickened;  they  may  undergo  degeneration  or  calcification.  Such  aneu- 
risms are  most  frequent  in  the  aorta,  but  may  occur  in  other  vessels. 

In  the  sacculated  aneurism  there  is  either  a  dilatation  of  the  entire 
circumference  of  an  artery  over  a  short  portion  of  its  length,  or  there 
may  be  a  dilatation  of  only  a  small  portion  of  one  side  of  the  wall,  so 
that  the  aneurism  looks  like  a  swelling  attached  to  one  side  of  the  artery. 
The  aneurism  may  commence  as  a  dilatation  of  all  the  coats  of  the  vessel; 
but  the  middle  coat  soon  atrophies,  so  that  the  wall  is  composed  of  the 
inner  and  outer  coats;  or  the  inner  coat  is  destroyed  by  endarteritis,  so 
that  the  outer  coat  alone  forms  the  wall  of  the  aneurism;  or  thedilata- 

^HaylKomi  Jour.  Am.  Med.  Aasn.,  1913,  Ix,  1413,  and  Woalley^  Bull.  Johns  Hopkins  Hosp.,  1911, 
xxii.  82.     Consult  Blumer,  Am.  Jour.  Med.  Sci.,  vol.  cxvii.,  p.  19,  1899,  bibl. 

'  For  a  review  of  syphilitic  aortitis  see  Longcope,  Arch.  Int.  Med.,  1913,  xi,  15;  for  a  study  of  syphil- 
itic lenons  of  blood  vessels  see  Brooks,  Am.  Jour.  Med.  8ci.,  1913,  cxlvi,  513. 

'For  a  study  of  mycotic  aneurisms,  with  bibl.,  see  McCrae,  Jour,  of  Path,  and  Bact.,  vol.  x.,  p.  373, 
1905. 
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tion  may  commence  at  the  seat  of  rupture  of  one  or  more  coats  of  the 
vessels.  As  the  aneurism  increases  in  size  it  may  press  upon  and  lead  to 
partial  destruction  of  neighboring  tissues  and  viscera,  so  that  portions  of 
these  tissues  and  viscera  may  take  the  place  of  the  wall  of  the  aneurism. 
The  cavity  of  the  aneurism  is  filled  with  fluid  or  clotted  blood,  or  with 
layers  of  fibrin  (Fig.  356)  which  adhere  closely  to  its  wall.  The  com- 
munication between  the  aneurism  and  the  artery  may  be  small  or  large. 


Flo.  355.— FU8 


If  arterial  branches  are  given  off  from  the  aneurism  they  may  remam 
open  or  become  plugged  with  fibrin;  or  their  walls  are  thickened  ana 
their  cavities  narrowed  by  endarteritis.  Death  may  occur  by  the  pres- 
sure and  interference  of  the  aneurism  with  the  adjoining  viscera,  or  by 
rupture. 

Dissecting  aneurisms  are  those  in  which,  owing  to  a  solution  of  m"- 
tinuity  of  the  inner  layers  of  the  artery,  the  blood  gets  between  the  media 
and  adventitia,  and  forces  its  way  for  a  greater  or  less  distance  between 
them.     Or  it  may  separate  the  media  into  two  layers.' 

Spurious  or  false  aneurisms  are  most  frequently  connected  with  ves- 
sels of  the  extremities.     When  an  artery  is  wounded  the  blood  escapes 

■  For  s  study  of  diaseFting  aneurism  see  .4  Jam;.  Montreal  Med.  Jour.,  June  uidJuly,  1^ 
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into  the  aurrounding  soft  parts,  and  a  cavity  is  formed  filled  with  blood 
and  broken-dowD  tissue. 

The  wound  in  the  artery  may  heal  and  the  effused  blood  be  absorbed; 
or  it  may  become  the  seat  of  secondary  inflammatory  processes. 

Finally  a  wall  of  fibrous  tissue  may  be  formed,  while  the  wound  of 
the  artery  remains  open,  so  that  there  is  an  aneurismal  sac  through 
which  the  blood  is  constantly  pouring.     This  is  called  a  false  aneurism. 

Aneurismal  Voiiz:  Varicose  Aneurism. — If  an  artery  be  wounded, 
and  at  the  same  time  the  vein  which  accompanies  it,  we  have  as  the  result 
the  conditions  called  aneurismal  varix  and  varicose  aneurism.     In  aneu- 


rismal varix  the  artery  and  vein  become  adherent  at  the  seat  of  injury,  so 
that  the  arterial  blood  passes  directly  into  the  vein.  There  is  a  smooth, 
rounded  opening  between  the  two  vessels,  the  vein  is  dilated  into  a  sac, 
and  the  veins  emptying  into  it  are  dilated  and  tortuous.  In  varicose 
aneurism  the  artery  and  vein  do  not  communicate  directly,  but  a  false 
aneurismal  sac  is  formed  between  the  vessels,  into  which  the  blood  is 
poured  before  passing  into  the  vein.  Varicose  aneurism  may  also  be 
formed  by  the  spontaneous  rupture  of  an  aneurism  into  a  vein.  The 
aneurism  presses  against  the  vein,  becomes  adherent,  and  finally  ruptures 
into  it.  This  condition  has  been  observed  between  the  aorta  and 
pulmonary  artery;  the  aorta  and  inferior  and  superior  vena  cava;  the 
popliteal  artery  and  vein;  the  femoral  artery  and  vein;  the  splenic 
artery  and  vena  azygos;  the  internal  carotid  and  sinus  cavemosus. 

Cirsoid  aneurism  is  one  formed  by  the  dilatation  and  lengthening  of 
large  or  small  arteries  or  arterial  tracts.     The  walls  of  the  arteries  are 
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thinned,  the  vessels  are  tortuous  and  in  places  sacculated.  These 
changes  are  most  frequent  in  small  arteries,  especially  the  temporal  and 
occipital.  They  involve  the  trunk  of  the  vessel  and  its  branches,  or 
may  extend  to  the  capillaries  and  small  veins.  They  form  larger  or 
smaller  tumors  beneath  the  skin. 

AITEURISBIS  OF  THE  DIFFERENT  ARTERIES. 

The  aorta  may  be  dilated  over  its  entire  length,  or  there  may  be  diffuse 
or  circumscribed  dilatations  at  any  portion  of  its  course;  or  there  may 
be  several  aneurisms,  situated  at  different  points.  The  ascending  portion 
of  the  arch  of  the  aorta  may  be  uniformly  dilated  in  a  fusiform  shape 
(Fig.  355),  or  there  may  be  circumscribed  dilatations  on  its  anterior 
wall,  or,  more  rarely,  on  its  posterior  wall.  The  sacculated  aneurisms 
vary  in  size  and  may  rupture  within  the  pericardium;  or  they  may 
form  a  cavity  in  the  upper  part  of  the  ventricular  septum  and  commu- 
nicate by  openings  into  the  pulmonary  artery  and  left  ventricle;  or  they 
may  dilate  downward  between  the  visceral  and  parietal  pericardium,  in 
front  of  the  heart,  pushing  that  organ  backward.  They  may  perforate 
into  the  right  or  left  auricle  or  right  ventricle,  the  superior  vena  cava, 
or  the  pulmonary  artery;  or  they  may  reach  a  large  size,  press  on  and 
erode  the  right  side  of  the  sternum  and  adjoining  ribs,  project  imder  the 
skin,  and  even  rupture  externally.  ^ 

The. transverse  portion  of  the  arch  may  be  dilated  in  a  fusiform  shape, 
oriihere  may  be  sacculated  aneurisms  at  any  point  in  its  wall.  The  sac- 
culated aneurisms  usually  reach  a  considerable  size.  They  press  on  the 
sternum  and  ribs  in  front,  or  on  the  oesophagus,  trachea,  and  bronchi 
behind.  The  large  arteries  given  off  from  the  arch  may  be  occluded. 
They  cause  death  by  pressure  on  the  air  passages,  the  oesophagus,  and 
the  vena  cava;  or  may  rupture  externally  or  into  the  oesophagus,  trachea, 
bronchi,  pulmonary  artery,  or  pleural  cavities. 

On  the  abdominal  aorta  aneurisms  are  usually  sacculated.  If  they 
are  situated  high  up  they  may  project  into  the  pleural  cavities;  if  lower 
down,  into  the  abdomen.  They  may  compress  and  displace  the  vis- 
cera, vessels,  and  nerves,  and  erode  the  vertebrae.  They  may  rupture 
behind  the  peritoneum,  into  the  peritoneal  cavity,  the  pleural  cavities, 
the  inferior  vena  cava,  the  bronchi,  the  lungs,  the  duodenum,  the  colon, 
the  pelves  of  the  kidney,  or  the  posterior  mediastinum.  Rupture  of  the 
aorta  with  the  development  of  a  long  dissecting  aneurism  parallel  to  the 
vessel  may  give  rise  to  a  condition  simulating  a  double  aorta.' 

The  coronary  arteries  may  be  dilated  throughout,  or  may  be  the  seat 
of  small  sacculated  aneurisms.'  These  may  rupture  into  the  pericardium, 
or  may  lead  to  rupture  of  the  heart  wall. 

The  pulmonary  arteries  are  rarely  the  seat  of  aneurisms.  Diffuse  and 
circumscribed  dilatations,  however,  sometimes  occur  on  the  main  trunk 

1  For  extension  of  aortic  aneurism  into  the  heart,  and  dissecting  aneurisms  of  the  heart,  see  Hddom 
Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  127, 1901. 

«  See  case  reported  by  O.  P.  Biggs,  Proc.  New  York  Path.  Soc,  1897-98,  p.  109. 

*  Consult  Cappa,  Am.  Jour.  Med.  Sci.,  vol.  cxviii.,  p.  312,  1899,  bibl.;  also  Oriffith^  Brit.  Med.  Jour. 
February  2d,  1901,  p.  266,  bibl. 
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and  on  the  two  principal  branches  of  the  artery.  They  do  not  usually 
reach  a  large  size,  but  may  cause  death  by  rupture.  General  dilatation 
of  all  the  branches  of  the  pulmonary  artery  is  more  common.  It  is 
found  in  connection  with  stenosis  of  the  mitral  valves  and  with  compres- 
sion or  induration  of  the  lung  tissue.  Small  multiple  aneurisms — miliary 
aneuHsms — may  occur  in  the  cerebral  arteries;  less  frequently  in  the 
piilmonary  and  mesenteric.  These  are  probably  due  to  some  congenital 
weakness  of  the  walls  at  the  point  of  formation  of  the  aneurism. 

Of  the  other  arteries  of  the  body  there  is  hardly  any  one  which  may 
not  become  the  seat  of  an  aneurism.* 

STENOSIS  AlID  OBLITERATION  OF  THE  AORTA. 

This  lesion  near  the  entrance  of  the  ductus  arteriosus  has  been 
observed  in  a  considerable  number  of  cases.  The  degree  of  stenosis  varies. 
The  aorta  may  be  entirely  closed  and  converted  into  a  solid  cord  for  a 
half-inch;  or  there  may  be  a  constriction  through  which  there  is  a 
larger  or  smaller  opening.  The  walls  of  the  aorta  at  this  point  may  be 
thickened  and  sclerosed.  The  ductus  arteriosus  may  be  closed  or  open. 
Above  the  constriction  the  aorta  is  usually  dilated;  below  it,  it  is  normal, 
dilated,  or  stenosed. 

Stenosis  of  the  aorta  is  followed  by  hypertrophy  of  the  left  ventricle, 
and,  later,  of  the  right  ventricle,  with  venous  congestion  throughout  the 
body;  or  there  may  be  a  collateral  circulation  developed  between  the 
arteries  given  off  above  and  below  the  constriction;  or  there  may  be 
rupture  of  the  aorta,  the  right  ventricle  or  auricle. 

This  condition  is  found  at  all  ages,  but  is  induced  during  foetal  life 
or  in  the  first  year  of  extra-uterine  life.  It  is  probable  that  it  may  be 
caused  after  birth  by  an  abnormal  closure  of  the  ductus  arteriosus.  This 
vessel  normally  becomes  closed  without  the  formation  of  a  thrombus. 
If  a  thrombus  be  formed  it  may  extend  into  the  aorta  and  obstruct  it;  or 
the  ductus  arteriosus  is  filled  with  a  thrombus,  but  increases  for  a  time 
in  size;  afterward,  as  the  thrombus  is  absorbed,  the  vessel  contracts  and 
draws  the  walls  of  the  aorta  together. 

TUMORS  OF  THE  ARTERIES. 

Secondary  tumors,  chiefly  carcinomata  and  sarcomata,  may  occur  in 
the  walls  of  the  arteries  by  continuous  growth  from  without,  involving 
first  the  external  layers.  To  these  layers  they  are  usually  confined,  for 
the  density  of  the  inner  layers  affords  such  marked  resistance  to  the 
infiltration  of  the  tumor  cells  that  arteries  are  apt  to  pass  intact  through 
the  tumor,  which  grows  around  them.  More  frequently  the  arteries 
become  secondarily  involved  in  the  growth  of  malignant  tumors  by  the 
occurrence  within  them  of  emboli  formed  by  larger  and  smaller  masses  of 
tumor  cells. 

These  emboli  are  usually  of  small  size,  and  are  apt  to  get  into  the 

*  For  detaib  oonoemmg  form,  distribution,  and  frequency  of  aneurisms  see  the  larger  works  on  the 
pTMtiee  of  medicine  or  surgery. 
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circulation  by  growing  through  the  walls  of  the  veins  into  their  lumina. 
Large  emboli  from  tumors  are  most  apt  to  lodge  in  the  branches  of  the 
pulmonary  artery.  The  emboli,  formed  as  they  are  for  the  most  part 
by  cells  capable  of  growth  and  proliferation,  are  apt  soon  to  form  con- 
nection with  the  walls  of  the  vessels,  and,  by  the  growth  into  them  of 
blood-vessels  from  the  vasa  vasorum,  to  find  the  conditions  necessary 
for  their  development,  and  they  may  thus  soon  involve  the  entire  wall  of 
the  vessel  and  grow  out  into  adjacent  parts. 


The  Veins. 

DILATATION.    (Phlebectasia.) 

Dilatation  of  the  veins,  or  phlebectasia,  presents  itself  under  a  variety 
of  forms: 

1.  Simple  Dilatation. — The  vein  is  uniformly  dilated  in  a  cylindri- 
cal or  fusiform  shape;  its  length  is  not  increased;  its  walls  may  be  thicker 
than  normal  or  thinned;  the  valves  may  be  thickened,  or  are  insufficient, 
or  atrophic,  or  are  torn. 

2.  Cirsoid  Dilatation. — The  vein  is  cylindrically  dilated,  but  is 
also  increased  in  length,  so  that  it  assumes  a  very  tortuous  course.  The 
walls  may  be  thickened  or  thinned. 

3.  Varicose  Dilatation. — ^Portions  of  the  wall  of  the  vein  undergo 
saccular  dilatation.  The  wall  of  the  sac  is  formed  of  the  coats  of  the 
vein,  but  these  may  be  thickened  or  thinned;  the  middle  coat  may  dis- 
appear entirely.  There  may  be  only  one  such  dilatation,  or  there  may 
be  a  number  on  the  same  vein,  or  a  number  of  veins  may  be  affected  at 
the  same  time.  The  vein  may  be  otherwise  normal,  or,  more  frequently, 
is  more  or  less  uniformly  dilated. 

4.  Anastomosing  Dilatation. — A  number  of  contiguous  and 
anastomosing  veins  are  dilated,  both  in  the  cirsoid  and  varicose  forms. 
The  vein  then  looks  like  a  series  of  cavities  separated  by  thin  partitions. 
The  dilatations  of  the  same  vein  become  adherent  to  each  other  and  to 
those  of  the  adjoining  veins;  portions  of  the  walls  of  the  dilated  parts 
may  atrophy  so  that  there  may  be  a  number  of  cavities  containing  venous 
blood  and  separated  from  each  other  by  thin  partitions. 

Distribution,  Causes,  and  Effects  of  Phlebectasia. — There  is 
hardly  one  of  all  the  veins  of  the  body  which  may  not  be  dilated.  The 
haemorrhoidal  veins  forming  "hsemorrhoids'';  the  veins  of  the  leg  and 
thigh;  those  of  the  pelvis  and  pelvic  viscera;  those  of  the  spermatic  cord, 
scrotum,  and  labia;  those  of  the  abdominal  wall;  those  of  the  neck  and 
arms — are  most  frequently  involved.  The  immediate  cause  of  dilatation 
is  usually  some  obstruction  to  the  passage  of  the  blood  through  the  veins 
toward  the  heart;  but  alterations  in  the  walls  of  the  vessels  from  degen- 
eration, inflammation,  or  injury  are  often  important  predisposing  factors. 
Spontaneous  restitution  of  dilatations  of  the  veins  is  not  common, 
and  usually  occurs  only  in  the  lesser  degrees  of  the  lesion.  The  tendency 
of  the  dilatation  is  to  increase.     Thrombi  frequently  form  in  the  dilated 
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veins,  and  either  partially  or  completely  fill  them.  These  thrombi 
may  become  organized,  or  they  may  dry  and  become  calcified,  forming 
phlebolithSj  and  by  the  formation  of  new  connective  tissue  in  the  walls 
they  may  become  enclosed  in  a  fibrous  capsule,  with  the  obliteration 
of  the  vessel.  The  wall  of  the  dilated  sac  may  become  so  thin  that  it 
finally  ruptures.  Inflammation  of  the  dilated  vein  may  occur,  followed 
by  fibrous  thickening.  When  occurring  in  mucous  membrane,  dilated 
veins  are  usually  associated  with  persistent  catarrh. 

WOUIIDS— RUPTURE. 

Wounds  of  the  veins  usually  heal  by  a  simple  contraction  and  an 
adhesive  inflammation  of  their  walls;  sometimes  by  the  formation  of  a 
thrombus.  Rupture  of  the  veins  may  be  produced  by  severe  contusions 
and  crushings  of  the  body  and  by  violent  falls.  Perforation  of  a  vein 
may  be  produced  by  suppuration  of  the  soft  parts  and  the  invasion  of 
the  walls  of  the  vessel;  by  the  pressure  of  an  aneurism  or  of  a  new  growth; 
by  the  thinning  of  the  wall  of  the  vein  in  phlebectasia. 

THROMBOSIS. 

Thrombosis  of  the  inferior  vena  cava  has  been  many  times  recorded. 
It  is  usually  due  to  pressure  on  the  vessel  or  may  occur  as  an  extension 
of  thrombi  from  the  contributory  veins.  ^ 

Thrombosis  of  the  superior  vena  cava  usually  follows  pressure  from 
without  by  tumors,  aneurisms,  or  enlarged  lymph-nodes. 

Thrombosis  of  other  large  venous  trunks  may  occur  under  various  local 
and  general  conditions  (see  below.  Thrombosis  and  Phlebitis,  and  p.  24).* 

DEGENERATION. 

Fatty  degeneration  and  calcification  may  occur  in  the  walls  of  the  veins 
under  conditions  similar  to  those  in  which  these  changes  take  place  in 
the  arteries. 

INFLAMMATION.     (Phlebitis.) 

Inflammation  of  the  veins,  pMebitiSj  may  involve  chiefly  the  external 
layers — periphlebitis;  or  the  internal — endophlebitis;  or,  as  is  very  fre- 
quently the  case,  the  entire  wall  may  be  affected.  Phlebitis  may  be  due 
to  an  infectious  thrombus,  to  injuries,  or  to  an  infectious  inflammation 
of  the  surrounding  tissues.  Thrombosis  of  the  vein,  either  primary  or 
secondary,  is  a  very  constant  accompaniment  of  phlebitis.  Thrombosis 
and  phlebitis  are  not  infrequent  in  association  with  or  following  infec- 
tious diseases,  in  cachectic  conditions,  and  with  rheumatism  and  gout. 

Acute  infective  phlebitis  may  follow  a  suppurative  periphlebitis.  The 
outer  layers  of  the  vein  wall  are  congested,  swollen,  infiltrated  with  serum 

>  For  a  (awe  of  complete  fibrous  obstruction  of  superior  and  inferior  vense  cav»  see  Meyer,  Mt.  Sinai 
Hosp.  Rep..  voL  iii.,  1903»  p.  35. 

'  For  a  consideration  of  peripheral  venous  thrombosis  in  heart  disease  consult  Welch,  Trans.  Assn 
Am.  Phys..  voL  xv..  p.  441,  1900.  bibl. 
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and  pus.  The  inner  coats  may  become  infiltrated  with  pus;  they  may 
become  necrotic  and  disintegrate.  A  thrombua  is  constantly  formed 
under  these  conditions,  which  may  for  a  time  stop  the  circulation  aad 
keep  the  products  of  inflammation  and  degeneration  and  infectlom 
material  from  mixing  with  the  blood;  but  the  thrombus  itself  is  prone  to 
disintegration,  and  thus  the  exudates  and  fragments  of  disinte^ted 
thrombi  or  tissue  or  bacteria  may  enter  the  circulation. 

On  the  other  hand,  owing  to  the  presence  of  irritating  or  infectious 
material  within  the  vein,  and  the  formation  of  a  thrombus,  the  inflamma- 
tory process  may  be  at  the  commencement  an  endophlebitis,  but  usually, 
if  the  inflammation  be  at  all  severe,  the  entire  wall  of  the  vessel  is  even- 
tually involved. 

Acute  phlebitis  may  terminate  in  the  absorption  of  the  thrombus  and 
the  return  of  the  vein  to  its  normal  condition,  or  in  the  obliteration  of 
the  vein.  The  pyogenic  cocci,  the  typhoid  bacillus,  the  pneumocoocus, 
and  several  other  micro-organisms  have  been  found  in  phlebitis.     In  the 
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phlebitis  with  thrombosis,  which  frequently  complicates  infectious  dis- 
eases such  as  typhoid  fever,  pneumonia,  etc.,  the  bacteria  present  are 
frequently  not  those  which  are  the  excitants  of  the  primary  disease. 

The  most  important  results  of  phlebitis  are  usually  those  which  depend 
upon  the  introduction  into  the  blood  of  infectious  or  other  emboli  (see 
p.  28).  The  relationship  between  non-infectious  thrombi  and  phlebitis 
is  in  many  cases  not  cicar.' 

Chronic  periphlebitis  results  in  thickening,  principally  of  the  outer 
coats  of  the  veins,  but  the  inner  coats  may  also  be  involved.  Tbe  sur- 
rounding tissue  may  also  be  thickened  and  coalesce  with  the  walls  of  the 
vein.     There  may  or  may  not  be  thrombosis. 

Chronic  endophlebitis  is  a  not  very  common  lesion,  of  the  same  generu 
character  as  chronic  endarteritis,  with  which  it  is  often  associatw- 
More  or  less  circumscribed  patches  of  new  connective  tissue  are  forffiW 
in  the  inner  coats,  which  may  undergo  fatty  or  calcareous  degenerat'i"'- 

I  Consult  in  this  connection  Witch  ob  "Thnnoboaia,"  Allbutt'a  "Syetem  of  Medicine."  ml  "i-.P- 
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Tuberculous  inflammation  of  the  walls  of  the  veins  may  occur  as  an 
extension  of  the  process  from  without  or  from  a  lodgment  of  the  tubercle 
bacilli  in  the  blood  current  on  the  intima  (Fig.  357).  This  is  not  infre- 
quent in  the  pulmonary  veins,  and  Weigert  has  called  attention  to  the 
fact  that  in  acute  miliary  tuberculosis  the  growth  of  tubercle  tissue  into 
the  lumina  of  these  veins  from  tuberculous  lymph-nodes  is  of  frequent 
occurrence  and  readily  explains  the  topography  and  mode  of  occurrence 
of  the  general  disease.  The  tubercle  bacilli  which  are  present  in  the 
tuberculous  tissue  growing  into  the  lumen  of  the  veins  find  thus  an  easy 
distribution.^ 

Syphilitic  inflammation  may  involve  the  walls  of  the  veins  either  as 
gummy  tumors  or  as  more  diffuse  thickenings. 

TUMORS. 

Primary  tumors  of  the  veins  are  rare.  Small  leiomyomata  have  been 
described  in  the  saphenous  and  ulnar  veins.  A  myo-sarcoma  as  large  as 
a  man's  fist  has  been  described,  situated  in  the  dilated  vena  cava  inferior. 
The  veins  are  not  infrequently  secondarily  involved  by  sarcomata  and 
cardnomata,  and  sometimes  by  chondromata.  The  thin  walls  of  the 
veins  offer  comparatively  little  resistance  to  the  encroachment  of  malig- 
nant tumors,  which  thus  gain  access  to  the  circulation  and  may  form 
metastases  in  various  parts  of  the  body. 

PARASITES. 

Echinococcus  is  sometimes  found  in  the  veins,  having  either  devel- 
oped there  or  perforated  from  without. 

Two  species  of  distoma  (liver  fluke)  occur  in  man.  D,  hepaticum 
occurs  rarely  and,  while  usually  found  in  the  bile-ducts,  may  occur  in 
the  vena  cava.  D.  hcematobium  is  very  common  in  man  in  Egypt  and  in 
other  parts  of  Africa,  and  usually  occurs  in  the  portal  vein  or  its  branches, 
and  frequently  in  other  veins. 

The  Capillaries. 

The  walls  of  the  capillaries  are  so  thin  and  so  intimately  connected 
with  the  surrounding  tissues  that  their  lesions  are  studied  most  appro- 
priately among  the  diseases  of  the  several  organs.  Dilatation  of  the 
new-formed  capillaries  in  tumors,  granulation  tissue,  etc.,  fatty  amyloid 
and  hyaline  degeneration  of  their  walls,  and  capillary  aneurisms,  may 
be  mentioned  here  as  readily  observed  lesions  occurring  under  a  variety 
of  conditions.  Angiomas  and  telangiectases,  usually  congenital,  are 
occasionally  seen. 

The  changes  which  we  assume  to  occur  in  the  wajls  of  the  smaller 
veins  and  capillaries  in  exudative  inflammation,  by  reason  of  which 
fluids  and  blood  cells  pass  through  them,  are  not  yet  suflSciently  under- 
stood to  be  described  with  definiteness. 

*  See  references  under  "Miliary  Tuberculosis,"  p.  252. 
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The  Lymph-Vessels. 

General  Characters  of  the  Lymph-Vessels. 

The  smaller  lymph-vesseLs  can  hardly  be  treated  as  independent  structures,  since 
their  walls  are  so  closely  joined  with  the  tissues  through  which  they  pass.  It  is  per- 
haps wiser  to  follow  the  suggestion  of  Adler  and  Meltzer^  and  call  the  spaces  of  the  con- 
nective and  other  tissues  into  which  transudations  from  the  smaller  blood-vessels 
takes  place,  not  lymph  radicles  or  "lymph  capillaries"  as  is  commonly  done,  but  to 
consider  them  tissue  spaces  from  which  the  transudates  of  varying  composition  are 
gathered  into  the  lymph- vessels.  But  the  larger  lymph- vessels  we  find  the  scat  oC 
various  more  or  less  independent  lesions. 

LYMPHANGIECTASIS. 

Dilatation  of  the  lymph-vessels  occurs  under  a  variety  of  conditions. 
It  may  be  congenital,  or  it  may  be  due  to  some  hindrance  to  the  flow  of 
lymph  onward — as  by  pressure  from  any  cause,  or  from  the  occlusion  of 
the  vessels  by  inflammation.  If  the  dilated  vessels  form  a  circumscribed 
mass,  this  is  often  called  a  lymphangionia  (Fig.  240).  In  certain  forms 
of  dephantiasis  and  in  macroglossia  the  dilatation  of  the  lymph-vessels  is 
an  important  factor.  Its  occurrence  is  not  infrequent  in  the  labia,  pre- 
puce,  and  scrotum.  Dilatation  of  the  chyle  vessels  may  occur  in  the 
mucous  membrane  of  the  intestine  and  in  the  mesentery.  Filarial  lym- 
phatic varix  is  of  occasional  occurrence.* 

Obstruction  of  the  thoracic  duct  may  be  due  to  tumors,'  or  enlarged 
lymph-nodes,  or  inflammatory  processes  in  the  mediastinum;  to  aneu- 
rism, to  thrombosis  of  the  left  innominate  vein,  to  insuflSciency  of  the 
tricuspid  valve;  or  to  inflammatory  processes  in  the  wall  of  the  duct.  It 
may  occur  under  various  other  conditions.  It  may  be  compensated  by 
collateral  lymphatic  anastomoses,  or  it  may  lead  to  various  lymph- 
angiectasiae  and  to  transudation  of  lymph.  Thus  chylous  ascites  may 
occur. 

Congenital  doubling  or  division  and  other  abnormalities  of  the  tho- 
racic duct  are  recorded.* 

LYMPHORRHAGIA. 

If  through  injury,  necrosis,  or  other  pathological  process,  the  wallfl 
of  the  lymph  channels  suffer  solution  of  continuity  the  lymph  may  escape 
into  surrounding  tissues  or  spaces.  Thus  upon  the  surface  of  the  skin 
or  into  loose  connective-tissue  spaces  or  into  the  great  body  cavities, 
lymph  may  be  poured  out.  A  chylous  hydrothorax  or  chylous  ascites 
may  occur  from  a  rupture  of  the  thoracic  duct  or  its  radicles. 

THROMBOSIS. 

Thrombi  may  form  in  the  lymph-vessels  by  the  coagulation  of  the 
lymph  or  by  the  deposition  of  fibrin  on  the  walls  of  the  vessels  at  the  seat 

*  Adler  andMeUzer,  Jour.  Exp.  Med.,  vol.  i.,  p.  482,  1806. 

'  See  Opie,  "Filarial  Lymphatic  Varix,"  Trans.  Assn.  Am.  Phys.,  voL  xvi.,  p.  331,  1901.         ^^ 

*  For  bibliography  of  carcinoma  involving  the  thoracic  duct  see  A.  H.  Smithy  Med.  Record,  voL  nrui 
p.  813,  1899. 

*  Butler,  Jour.  Med.  Res.,  voL  x.,  p.  153,  1903.  bibL 
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of  degeneration  or  inflammation.  These  lymph  thrombi  are  formed 
largely  of  fibrin  and  leucocytes.  Such  thrombi  may  cause  disturbances 
of  the  lymph  circulation  or  portions  of  them  may  become  detached,  form- 
ing emboli.^ 

INFLAMMATION.     (Lymphangitis.) 

Acute  Infective  Lymphangitis. — Inflammation  of  the  larger  lymph- 
vessels  is  usually  secondary  and  often  connected  with  an  infected  wound 
or  injury.     Owing  to  the  entrance  into  the  lymph  trunk  of  bacteria  or 
other  infectious  agents,  poison  of  venomous  reptiles,  insects,  etc.,  the 
vessels,  sometimes  for  a  considerable  distance  away  from  the  wound, 
become  red,  tender,  and  painful.     Under  these  conditions  the  appear- 
ances which  the  vessels  present  vary.     In  some  cases  the  redness  dis- 
appears after  death  and  we  find  no  appreciable  alteration.     In  other 
cases,  the  walls  of  the  lymph-vessels  are  more  or  less  densely  infiltrated 
with  pus  cells,  there  is  proliferation  of  the  endothelium,  and  the  lumen 
may   contain  variable  quantities  of  pus  and  fibrin  and  desquamated 
degenerated  endothelium.     The  vessel  may  be  occluded  by  a  thrombus. 
The  tissue  about  the  vessels  may  also  be  infiltrated  with  serum  and  pus. 
These  lesions  may  undergo  resolution  and  the  vessel  be  restored  to  its 
normal  condition;  or  the  vessel  wall  and  surrounding  tissue  may  die  or 
become  involved  in  abscess;  or  new  connective  tissue  may  form  in  and 
about  the  vessel,  sometimes  with  obliteration  of  its  lumen.     The  asso- 
ciated lymph-nodes  may  participate  in  the  inflammatory  process. 

Tuberculous  Lymphangitis. — Tuberculous  inflammation  occurs  both 
in  large  and  small  lymph-vessels.  Miliary  tubercles  and  diffuse  tubercle 
tissue  may  form  in  the  walls  and  project  into  the  lumen  of  the  larger 
trunks;  or  in  the  smaller  vessels  the  new  growth  may  entirely  fill  the 
lumen,  and  grow  within  it,  with  more  or  less  involvement  of  the  walls. 
This  may  occur  independently,  but  it  is  most  frequently  seen  in  connec- 
tion with  tuberculous  inflammation  of  adjacent  tissues.  Thus  from 
tuberculous  lymph-nodes  in  the  vicinity  of  the  thoracic  duct  there  may 
be  a  direct  extension  of  the  tuberculous  inflammation,  an  involvement 
of  the  walls  of  the  duct,  and  a  growth  of  tubercle  tissue  into  its  lumen. 
Such  growths  in  the  thoracic  duct  have  been  shown  by  Weigert  to  occur 
in  acute  general  miliary  tuberculosis  (see  p.  252).  In  the  vicinity  of 
tuberculous  ulcers  in  the  intestines,  furthermore,  we  often  see  the  sub- 
serous lymph-vessels,  which  pass  from  the  vicinity  of  the  ulcers,  distended 
with  the  products  of  tuberculous  inflammation  and  looking  like  dense 
white  knobbed  cords  (Fig.  435) . 

Sjrphilitic  lymphangitis  not  infrequently  occurs  in  the  vicinity  of 
syphilitic  ulcers  in  the  primary  stage.  In  later  stages  there  may  be 
thickening  of  the  walls  of  the  vessels  and  the  development  of  gummy 
tumors  in  and  about  them. 

TUMORS. 

The  relation  of  the  endothelium  of  the  lymph-vessels  and  spaces  to 
«ndothe]iomata  has  been  already  mentioned  in  the  section  on  Tumors. 

>  Opie.  Jour.  Med.  Research,  1013,  N.  S.  xxiv,  131. 
37 
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The  dissemination  of  malignant  tumors  through  the  lymph  channels 
is  of  frequent  occurrence,  and  is  particularly  marked  in  the  case  of 
carcinoma.  In  the  vicinity  of  carcinomata  the  lymph-vessels  are  not 
infrequently  crowded  with  the  tumor  cells,  forming  white,  irregular 
cords;  or  small  masses  of  the  tumor  cells  may  be  foimd  in  the  lymph- 
vessels,  either  near  to  or  remote  from  the  tumor.  White,  irregular 
networks  are  often  formed  in  this  way  beneath  the  pleura  in  carcinoma  of 
the  limg,  or  beneath  the  capsule  of  the  liver.  Transverse  sections  of 
lymph-vessels  thus  distended  show  sometimes  swelling  and  detachment 
of  the  endothelium  and  a  crowding  of  the  lumen  with  tumor  cells. 


CHAPTER  VI. 
THE  RESPIRATORY  SYSTEM.' 

The  Nose  and  Its  Associated  Cavities. 

The  mucous  membrane  lining;  the  noee  under  normal  conditions  cleanses  from  dust 
the  air  which  impingee  upon  and  Bleeps  acroBB  it  in  reapiration.  It  is  in  this  way 
exposed  to  various  deleterious  agencies.  It  is  subject  also  to  such  sudden  changes  of 
temperature  as  may  involve  great  and  abrupt  alterations  in  the  condition  of  its 
bl  ood- vessels. 

HALFORHATIOITS. 

Absence  or  deformity  of  the  noee  or  some  of  its  parts,  deviations  of 
the  septum,  clefts,  usually  associated  with  cleft  palate  and  harelip  (Figs. 
175  and  176),  are  among  the  more  frequent  of  the  congenital  anomalies 
of  the  nose. 

HSHORSHAGE.     (Epistaxis.) 
This  may  result  from  injury;  it  may  be  an  expression  of  local  or 
general    hypenemia   from   cardiac   or  vascular   lesions,   obstruction   of 
vessels,  etc.     It  not  infrequently  occurs 
in  an  early  stage  of  acute   infections, 
such  as  typhoid  fever.     It  may  accom- 
pany general  conditions  such  as  luemo- 
philia,   pernicious   anxmia,  etc.      Epis- 
taxis  may  result   from   lesions   of  the 
nasal  mucous  membranes,  ulcers,  telan- 
giectasis, etc. 

DIFLAHHATIOIT.     (RhinitiB.) 

Acute  catarrhal  inflammation  is  com- 
mon and  often  associated  with  a  similar 
process   in   the   pharynx    and    larynx. 
There  is  at  first  a  hypenemic  swelling 
followed  by  an  increased  production  of 
mucus  and  transudation  of  serum  from 
the  blood-vessels;  emigration  of  leuco- 
cytes and  desquamation  of  epithelium  p.,g  358._cah.bhai.  infuhua- 
niay  follow.     This  and  other  inflamma-     ■"<>«  of  the  mocodb  mehbhaiie  or 
tory  processes  may  extend  to  the  fron-     '"t^wb^^migr-uon  of  ieu«,cyto 
tal  Blouses  and  the  antrum,  where  the  tbrougb  the  epiDieiium. 

'  For  censnd  aonsiderations  r«IatiD|  to  tbe  lungi  we  p.  S93. 
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exudates  may  collect  (Fig.  358).  As  the  process  resolves,  the  exudation 
ceases,  the  epithelium  regenerates,  and  the  mucosa  is  restored  to  its 
normal  condition.' 

Pseudo-membrmnous  inflammatloa,  either  simple  or  diphtheritic, 
may  involve  the  nasal  cavities.  Phlegmonous  inflammation  involving 
adjacent  parts  is  of  occasional  occurrence.  Bacteria  apparently  play 
an  important  part  as  excitants  of  acute  catarrhal  and  pseudo-membranous 
infiammation.* 


Fio.  359.— Mdoods  Poltp  of  tbb  Noe«. 

Chronic  catarrhal  inflammation  may  follow  the  acute  form,  and  is 
marked  by  hyperplasia  of  the  fibrous  tissue  in  the  submucosa,  often 
followed  by  atrophy  of  the  mucosa.  Ulceration  of  the  mucosa  may 
occur;  the  exudate  may  assume  a  fetid  character.  A  hyperplasia  of  the 
mucosa  may  lead  to  the  formation  of  the  so-called  mucous  polyps*  (F^. 
359  and  360).  These  often  contain  hyperplastic  mucous  glands  and 
they  are  often  cedematous. 

Tuberculous  and  syphilitic  inflammation  with  the  usual  morpholog- 
ical characters  of  these  processes  are  common  in  the  nasal  cavities. 


>  For  a  atudy  ol  the  bncterioEogv  of  dbuI  infliunmBtion  see  Hoinard  uid  InatTtaU.Ani.  Jaur.Med.Sd. 
voL  cxv..  p.  S20.  ISeS.  SeealsaforbsctsriuoflheDose,  iVeumann,  Zeils.  f.  Hyc,  etc..  Bd.  iLp-^' 
sbo  ffoMjHuer,  Cbl.  f.  Bak.,  I.  Abt.  Ref.,  Bd.  xixvii.,  p.  1.  bibl.,  JBOO.  For  t.  sludj-  of  tba  Hm^- 
venela  of  ttae  oose  nnd  phacyiii  Bee  Most.  Arcb.  f.  AnaC  u.  Phyi.,  IBOI.  p.  75. 

■  For  ft  summsiy  of  facts  conceming  tbs  asture  of  the  ardiuaiY  nasal  polypa  m  WnnliS,  Htil 
R»»rd,  vol.  lii.,  p.  132,  1901,  bibl. 
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TUMORS. 


Aside  from  the  nasal  polyps  which  may  be  adenomatous  in  character, 
the  moat  common  tumors  are  epithelioma  and  sarcoma. 

Dermoid  cjrsts  have  been  described. 

Adenoids. — In  children,  especially  when  ill-nourished,  there  is  often 
a  hyperplasia  of  the  lymphoid  tissue  of  the  posterior  pharyngeal  region. 
This  is  often  associated  with  nasal  or  pharyngeal  catarrh.     These  new 


growths  form  irregular  projections  or  lobular  masses  {Figs.  359  and  360) , 
often  blocking  the  naso-pharyngeal  passage.  These  hyperplasiie  are 
covered  with  squamous  or  columnar  epithelium.  They  are  called 
"adenoids."  Some  of  these  growths  are  tuberculous;  others,  without 
obvious  morphological  tubercles,  contain  tubercle  bacilli.' 

The  Pharynx. 

The  lesions  of  the  pharynx  similar  to  those  just  described  as  involving 
the  nasal  cavities  are  reviewed  on  p.  647, 

The  Larynx  and  Trachea. 
Halfonnations. 

The  larynx  and  trachea  may  be  absent.  The  larynx  may  be  abnormally  large  or 
■mall;  the  epiglottis  also  may  be  too  large  or  too  small,  or  may  be  cleft.  There  may 
be  commuaieationa  between  the  trachea  and  the  oesophagus,  and  then  the  pharynx 
generally  ends  in  a  cul-de-sac,  and  the  cesophagus  opens  into  the  trachea.    There  may 
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be  imperfect  closure  of  the  original  branchial  arches,  so  that  there  are  fissures  in  the 
skin  leading  into  fistulse  which  open  into  the  pharynx  or  trachea.  The  fissure  in  the 
skin  is  small  and  is  situated  about  an  inch  above  the  stemo-clavicular  articulation, 
usually  on  one  or  both  sides,  more  rarely  in  the  middle  line.  Individual  cartilages,  as 
the  epiglottis,  or  one  or  more  rings  of  the  trachea,  may  be  absent,  or  there  may  be 
supernumerary  rings.  The  trachea  may  divide  into  three  main  bronchi  instead  of 
two,  and  in  that  case  two  bronchi  are  given  off  to  the  right  lung  and  one  to  the  left. 
The  trachea  may  be  on  the  left  side  of  the  oesophagus  or  behind  it. 

HEMORRHAGE. 

In  trauma  and  acute  inflammatory  processes,  in  syphilis  and  tubercu- 
losis, and  when  tumors  are  present,  especially  carcinoma  and  sonie  forms 
of  vascular  papilloma,  there  may  be  haemorrhage  from  the  larynx. 
It  may  occur  also  under  the  general  favoring  conditions,  such  as  haemo- 
philia, scurvy  and  various  abnormal  conditions  of  the  circulation  leading 
to  local  or  general  hyperaemia.* 

CEDElftA  OF  THE  GLOTTIS. 

This  is  a  condition  in  which  there  is  an  accumulation  of  serous  fluid 
in  the  submucosa  of  the  upper  part  of  the  larynx.  This  may  be  due  to 
simple  circulatory  disturbances,  local  or  general,  or  it  may  be  inflamma- 
tory in  character.  The  greatest  accumulation  of  fluid  is  in  places  in 
which  the  submucous  tissue  is  abundant  and  loose  in  texture,  as  in  the 
posterior  wall  of  the  epiglottis,  in  the  ary-epiglottidean  folds,  and  in  the 
false  vocal  cords.  The  swelling  of  these  parts  may  be  so  great  as  to 
occlude  the  air  passage.  After  death  the  oedematous  swelling  may 
largely  disappear,  but  the  mucous  membrane  may  be  left  unusually 
wrinkled  and  flabby. 

(Edema  of  the  glottis  is  comparatively  infrequent  in  association  with 
such  heart,  kidney,  and  lung  lesions  as  lead  to  general  oedema.  It  is,  on 
the  contrary,  frequent  in  connection  with  various  forms  of  laryngeal 
inflammation.  It  may  occur  in  drunkards  or  others  who  are  poisoned 
and  fall  asleep  in  a  sitting  posture  so  that  the  head  drops  sharply  forward 
with  constriction  of  the  neck.  Under  these  conditions  the  individual 
may  die  from  asphyxia  with  no  obvious  lesion  accounting  for  it  other 
than  the  oedema  of  the  glottis. 

INFLAMMATION.     (Laryngitis.) 

Acute  Catarrhal  Laryngitis. — This  occurs  as  an  independent  process 
in  common  "colds."  It  may  be  a  complication  of  the  infectious  dis- 
eases, or  may  be  induced  by  the  inhalation  of  irritating  vapors  and  of 
hot  steam  and  smoke.  The  inflammation  varies  in  its  intensity  in  dif- 
ferent cases.  The  mucous  membrane  is  at  first  congested,  swollen,  and 
dry;  then  the  mucous  glands  become  more  active  and  an  increased  quan- 
tity  of   mucus   is  formed.     There  is  desquamation  of  the  superficial 

1  For  a  study  of  hflemorrhage  of  the  lanmx  see  Rhodea,  Jour.  Amer.  Med.  Assn.,  yoL  xlilL,  p.  1284, 
1904. 
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epithelial  cells,  while  through  emigration  leucocytes  may  iDfiltrate  the 
aubmucosa,  and  together  with  mucuB  and  desquamated  epithelium  form 
the  exudate.  There  may  be  cedema  of  the  glottis.  All  of  these  lesions 
may  disappear  with  complete  restoration  of  the  mucous  membrane. 

After  death  the  congestion  of  the  mucous  membrane  marking  an 
acute  form  of  the  disease  frequently  disappears  altogether. 

Chronic  Catairhal  Laiyngltis. — This  may  follow  repeated  attacks  of 
acute  infiammation  or  be  the  result  of  the  persistent  inhalation  of  harm- 
ful substances.  It  may  accompany  chronic  hypertemia  from  cardiac 
or  vascular  lesions.     It  may  be  associated  with  syphilis  and  tuberculosis. 

The  surface  of  the  mucous  membrane  is  dry  or  coated  with  muco-pus. 
The  epithelium  is  thickened  in  some  places,  thinned  in  others,  or  in 
places  entirely  destroyed.     The  submucosa  may  be  infiltrated  with  cells. 


Fia.  381. — LocAUiBD  Htfehplasia  or  the  Epithbudu  and  Sobudcocb  Connictivi  Tmini  or 

THI    Faui    VOCIL  COBDB. 

Thfl  aectiod  BhowB  a  portion  of  a  imall  rou^  wart>lilce  or  papillary  (rowth. 

diffusely  thickened,  or  form  little  papillary  outgrowths;  it  may  be 
thinned,  or  necrotic  and  ulcerated. 

The  mucous  glands  may  be  swollen  and  prominent.  The  inflamma- 
tion may  extend  to  the  perichondrium  of  the  cartilages,  which  may 
become  necrotic.  In  chronic  laryngitis  there  may  be  a  more  or  less 
diffuse  thickening  of  the  epithelium,  often  associated  with  a  hyperplasia 
of  the  submucous  tissue.  This  is  called  pachydermia  diffusa.  A  sim- 
ilar process,  if  localized,  may  lead  to  larger  and  smaller  wart-like  excres- 
cences— pachydermia  verrucosa  (Fig.  361). 

Pseudo-membranous  Laiynf^tls  (Croupous  Laryngitis). — This  occurs 
most  frequently  as  the  characteristic  local  lesion  in  diphtheria,  of  which 
the  Bacillus  diphtherise  is  the  excitant  (see  p.  282).  It  may,  however, 
be  incited  by  the  Streptococcus  pyogenes  and  other  bacteria,  and  not 
infrequently  accompanies  other  infectious  diseases,  scarlatina,  typhoid 
fever,  and  the  exanthemata  (see  p.  303).  The  false  membrane  may 
be  continuous  with  a  similar  structure  in  the  pharynx,  and  it  may  extend 
down  into  the  bronchi  (Fig.  362) 
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Phlegmonous  LaiTngltls. — Suppurative  inflammation  involving  the 
mucosa  and  Bubmucosa  is  usually  secondary  to  catarrhal,  croupous, 
tuberculous,  or  syphilitic  laryngitis;  or  it  may  be  associated  with  pysemia, 
erysipelas,    emallpox,    or   typhoid   fever.     It    may   follow    mechanical 
injury  from  a  foreign  body.     It  is 
not  uncommon  on  the  posterior  sur- 
face of  the  epiglottis  or  in  the  ary- 
epiglottidean  folds,  and  may  be  as- 
sociated with  cedema  of  the  glottis. 
Abscesses  may  form  which  rupture 
into   the  larynx,   or  they  may  ex- 
tend into  the  neck  or  the  pharj'nx 
or  cesophaguB. 

Tubierculous  Lar3m^ti8. — This 
lesion  is  most  frequently  associated 
with  pulmonary  tuberculosis.  Early 
in  the  process  there  is  a  formation 
in  the  submucosa  of  miliary  tuber- 
cles together  with  more  or  less  new 
Bmall-celled  tissue;  with  this  is  a 
catarrhal  inflammation  with  an  exu- 
date of  mucus,  pus  cells,  and  des- 
quamated epithelium. 

As  coagulation  necrosis  of  the 
subepithelial  tubercles  occurs,  ulcers 
are  formed,  often  with  an  increase 
of  the  catarrhal  exudate.  The  proc- 
ess may  extend  ao  as  to  involve  the 
walls  of  the  larynx,  and  necrosis  of 
the  cartilages  may  follow.  Adjacent 
ulcers  may  become  confluent  so 
that  considerable  areas  of  the  mu- 
cous membrane  may  be  destroyed 
(Fig.  363). 

Syphilitic  Laryngitis.— Thb  form 
of  inflammation  may  have  the  ordi- 
nary characters  of  an  acute  or  chronic 
catarrhal  inflammation,  or  it  is  pro- 
ductive in  character  with  the  forma- 
Fia.  362.— DiPBTBEWi^qr  THB   iRTNi  *ND        ^j^^  ^j  ^^^  tissue  in  the  stroma  of 

The  membnuie  eiuuiig  from  the  epistoctig        the  mucous  membrane.      This  new 

down  lo  tha  biturefttion  of  the  trarhen.  tlSSUe     is     principally     COmpOSed    of 

small  cells,  which  often  degenerate 
and  become  necrotic.  In  this  way  the  mucous  membrane  of  thelarj'nx 
and  the  tissues  beneath  are  thickened  in  some  places  and  destroyed  in 
others,  giving  rise  to  erosions  and  ulcers.  These  changes  are  especially 
marked  in  the  upper  portion  of  the  larynx.  If  the  perichondrium  be 
involved  there  may  be  necrosis  of  the  laryngeal  cartilages.     Owing  to 
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the    cicatricial    contractions  of  healed  syptiilitic  ulcers  there  may  be 
great  deformity  of  the  larynx. 

Lesions  of  the  trachea  are  often  associated  with  those  of  the  larynx 
and  are  in  general  similar  in  character. 

TUMORS  OF  THE  LARYNX  AITO  TRACHEA. 

Retention  cysts  of  the  mucous  glands  of  the  larynx  may  form  sacs 
projecting  into  its  cavity. 

PapUloma,  single  or  multiple,  is  the  most  commoD  form  of  benign 
tumor  of  the  larynx  (Fig.  364).  It  is  most  frequent  upon  the  vocal  cords 
and  is  usually  associated  with  chronic  inilammation.  Adenoma,  fibroma, 
lipoma,    myxoma,     and     angioma    occasionally    occur.     Chondromata 


Tfae  poaterioT  luriace  of  tbe  epictottis  aod  the  adjacent  tiuue  are  involved  in  tuberculous  ulcen, 

grow  from  the  normal  cartilages  and  are  usually  multiple  and  sessile. 
They  may  project  into  the  cavity  of  the  larynx. 

Fusiform  or  spheroidal-celled  sarcomata  of  the  larynx  have  been  seen 
in  a  considerable  number  of  cases,  both  in  children  and  in  adults. 

Carcinomata,  usually  the  epitheliomatous  type,  may  originate  in  the 
larynx,  most  commonly  upon  the  false  vocal  cords.  But  from  adjacent 
structures,  usually  from  the  cesophagus,  cancer  may  invade  the  larynx. 

In  tbe  trachea  tumors  are  of  rare  occurrence,  but  occasional  examples 
of  growths  similar  to  those  in  the  larynx  have  been  found.     Tuberculous 
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and  otherwise  altered  bronchial  lymph-nodes  may  by  ulcerative  processes 
enter  and  obstruct  the  trachea. 

Single  or  multiple  amyloid  masses,  often  associated  with  cartilage, 
have  been  described  in  the  larynx  and  trachea.' 

The  Bronchi  and  Lungs. 

The  Bronchi. 

HfHORSHAGE. 

In  hemorrhage  from  the  bronchi  the  source  of  the  blood  is  often  to 
be  sought  in  the  parenchyma  of  the  lung  (see  p.  595)  or  in  a  ruptured 
aneurism.     But  haemorrhage  from  the  bronchial  walls  may  occur  in 
tuberculous    or    other    forms    of 
ulceration,  chronic  bronchitis,  ma- 
lignant tumors,  etc. 

mXAHBUTIOV.     (BroncUtia.) 

Acute  Catarrhal  Bronchitis. — 

This  is  frequently  associated  with 
a  similar  process  in  the  trachea. 
It  is  characterized  by  hypenemia 
and  swelling  of  the  mucous  mem- 
brane, with  the  formation  of 
exudate,  which  usually  consists 
largely  of  mucus  formed  by  the 
hypersecretion  of  the  mucous 
glands  or  degeneration  of  the 
epithelial  cells.  Mingled  with  this 
are  exfoliated  and  more  or  less 
degenerated  epithelium  from  the 
mucous  membrane,  leucocytes 
from  the  dilated  vessels  of  the 
submucosa,  varying  numbers  of 
red  blood  cells,  and  bacteria. 

The  microscopic  appearances 

differ    in    different  parts  of  the 

bronchial    tubes   in    accordance 

Fio.  384.— pAPiLLoii*  OF  TBB  Labini.  with     tfac     difforences    in    stnic- 

The  left  vocal  cord  is  involvad  ia  the  lobulaled       ture.       MuCOUS  glands,  when  these 
KTowth.     A  tracbeotomy  oaeniiic  is  aeeu  b«low  the  .  ,  . 

tumor.  are    present,    may    reveal    great 

functional  activity,  and  their 
ducts  may  be  distended  with  mucus  which,  often  mingled  with  exfoliated 
and  degenerated  cells,  streams  out  upon  the  surface.  Swelling  and 
proliferation  of  the  connective-tissue  cells  and  endothelium  of  the  vessels 
of  the  submucosa,  cedema,  and  emigration  from  the  dilated  vessels  are 

'See  Mana»«,  Vireh.  Anjh.  Bd.  clii.,  p.  117,  1900. 
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often  marked.  The  leucocytes  may  be  seen  making  their  way  through 
the  epithelium  into  the  other  exudates  upon  the  surface.  The  epithelium 
may  be  loosened,  single  or  clustered  cells  falling  off  here  and  there,  or 
Bhrede  of  cells  may  exfoliate  together  (see  Fig.  365).'  The  deeper  sphe- 
roidal epithelia,  the  so-called  mother  cells  from  which  the  new  ciliated 
cells  on  the  surface  are  formed  in  both  physiological  and  pathological 
regeneration,  usually  remain  in  place  upon  the  basal  membrane.  In  the 
small  bronchi  whose  walls  are  thin,  little  else  may  be  seen  than  an  irreg- 
ular e:cfoliation  of  the  epithelium.  On  the  other  hand,  the  smaller 
bronchi  may  be  much  involved  and  their  lumina  filled  with  exudate; 
Tvhen  this,  which  has  been  caUed  "capillary  bronchitis,"  occurs,  the 
inflammatory  procesa  usually  involves  the  adjacent  and  associated  terri- 
tories of  lung  tiasue,  constituting  one  of  the  important  forms  of  broncho- 


cella"  remain  in  place.     There  are  awelUni  of  the 

of  leucocytea.  Some  of  the  leueoeytfiq  &tq  paAsing  IhrQugh  the  epithelium  to  mingle  with  the  macoiu 
ezudsts  and  exfoliated  cells  in  the  lumen  of  the  bronehua.     3ome  of  the  ciliated  cell] Dhow  the  "  beakei" 

pneumonia.  In  some  forms  of  bronchitis  the  exudate  may  consist 
largely  of  pus — "purulent  bronchitis." 

Atelectasis  of  corresponding  tracts  of  the  lung  may  follow  the  occlu- 
Bion  of  the  bronchi  with  exudate.  As  recovery  advances,  the  submucosa 
assumes  its  normal  thickness  and  character  and  the  epithelium  is  regener- 
ated from  the  cells  of  the  deeper  layers. 

Various  forms  of  bacteria  may  be  associated  with  acute  bronchitis,  and 
are  presumably  the  excitants  under  favorable  conditions  of  the  lesions; 
the  etiological  relationship  has,  however,  not  yet  been  experimentally 
established.     The  moat  common  forms  of  bacteria  are  Streptococcus 
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pyogeneB,  the  pneumococcus,  Staphylococcus  aureus,  and  the  influenza 
bacillus.* 

Chronic  Catarrhal  Bronchitis. — This  form  of  bronchitis  may  be  the 
sequel  of  one  or  more  attacks  of  acute  bronchitis.  More  frequently  it  is 
associated  with  emphysema,  heart  disease,  interstitial  pneumonia, 
phthisis,  pleuritic  adhesions,  or  the  inhalation  of  irritating  substances. 
There  is  in  most  cases  a  constant  production  of  mucus,  pus,  and  Berum 
in  considerable  quantities,  and  these  inflammatory  products  may  have  a 
very  foul  odor.  Less  frequently  these  products  are  very  scanty — dry 
catarrh.  The  epithelium  is  deformed  and  desquamating,  with  a  pro- 
duction of  new  cells  in  the  deeper  layers.     There  may  be  epithelial 


Fio.  366.— Chhohic  Bhohchi' 
Thia  tmoavene  wctkm  of  h  partioa  of  the  tbU  i 
"iroufl  hyperpLjuia  of  the  Hubmucooa  wi^  tt 


of  tbe  tube  (out  aonH  in  th'a  Bectiou) ;  thickeajnc  of  the  wall  of  the  broD^iu  u 


hyperplasia  or  atrophy;  the  mucous  glands  are  large  or  atrophied;  there 
may  be  hyperplasia  or  atrophy  of  the  submuco&a;  the  muscularis  may 
show  hypertrophy  or  atrophy.  These  changes  in  the  fibrous  and  mus- 
cular elements  of  the  walls  lead  to  the  so-called  "  trabeculation "  of  their 
inner  surfaces  (Fig.  366).  Obliterating  arteritis  of  the  associated  vessels 
may  occur.  These  changes  in  the  walls  of  the  bronchi  may  lead  to 
bronchiectasis. 

Acute  Pseudo  •membranous  Bronchitis — Croupous  Bronchitis — may 
occur  with  croupous  laryngitis,  as  a  lesion  of  diphtheria,  with  lobular 
pneumonia,  and  sometimes  without  these  associations.  The  bronciii 
are  lined  or  filled  with  a  mass  of  fibrin,  pus,  and  desquamated  epithelium. 
Fibrin  and  pus  may  also  be  found  beneath  the  epithelium  and  infiltrated 
in  the  stroma. 
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Chronic  Fibrinous  Bronchitis  is  attended  with  the  formation  in  one  or 
more  bronchi  of  masses  of  fibrin  which  are  expectorated  by  the  patient 
in  the  form  of  branching  casts  of  the  bronchi  (Fig.  367).  After  death 
the  bronchi  are  said  to  be  but  little  altered  from  the  normal.' 

Curschmann  has  described  under  the  name  " bronckioUlis  exudativa" 
&  form  of  bronchitis  in  which  small  threads  and  bands  of  gray  or  yellow, 
partly  transparent,  coagulated  material  are  formed  in  the  small  bronchi 
— "  Curschmann 's  spirals."  These  sometimes  occur  in  pneumonia.  In 
different  forms  of  bronchitb,  especially  in  those  associated  with  asthma. 


Fio.  367.— Chbohic  Fibkihodb  BHONCHiTia. 

Pibrinfms  cuita  of  the  broDchi.  Bimilar  to  those  ehowa  in  Hie  pbotopspb,  were  couched  up  at  invcular 

iutervtila  tor  several  yttja. 

the  exudation  may  contain  numerous  octahedral  bodies — Charcot-Ley- 
den  crystals — and  also  a  very  large  number  of  eosinophile  cells. 

Tuberculous  Inflammation  of  the  bronchi  frequently  occurs  in  con- 
nection with  pulmonary  tuberculosis.  The  lesion  may  be  miliary  or 
larger  involvement  of  the  walls  may  lead  to  ulceration. 

Syphilitic  Inflammation  may  lead  to  ulcers  and  to  distortions  and 
stenosis  through  cicatrization. 

BROnCHIGCTASIA. 

Dilatations  of  the  bronchi  may  be  cylindrical,  fusiform,  or  sacculated, 
The  sacculated  dilatations  are  usually  the  largest.  These  communicate 
with  one  side  of  the  bronchus.  The  peripheral  portion  of  the  bronchus 
may  be  obliterated;  the  bronchus  leading  to  the  cavity  may  be  of  normal 
size,  or  dilated,  or  stenoaed,  or  even  completely  obliterated.  Such  sac- 
culated dilatations  may  reach  a  very  large  size  and  may  communicate 
with  each  other.  Dilatations  are  apt  to  occur  under  conditions  which 
interfere  with  the  integrity  of  the  bronchial  wall. 

■  Fot  K  r^nim/  and  bibUocntphy  see  BeUmam,  Am.  Jour.  Ued.  ScL,  vol.  cxiiii.,  1902,  p.  304. 
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In  acute  general  bronchitis  and  broncho-pneumonia  in  children, 
cylindrical  dilatation  of  a  number  of  the  medium-sized  bronchi  often 

In  the  persistent  broncho-pneumonia  of  children  such  dilatations  may- 
reach  a  still  greater  development.'  Chronic  bronchitis  may  lead  to  cylin- 
drical or  sacculated  dilatations,  sometimes  of  great  size. 

Occlusion  of  some  of  the  bronchi,  consolidation  of  portions  of  the 
lung,  and  extensive  pleuritic  adhesions  may  also  lead  to  bronchiectasia 
(Fig.  368). 

The  walls  of  bronchiectatic  cavities  may  be  lined  with  mucous  mem- 
brane, which,  however,  is  apt  to  undergo  various  changes  as  the  process 


a   iHTIBBTnTAL  PnIDHOHU, 


D  adult  Kfter  unreaolTAd  totur  paeunioiiiL 

advances.  Thus  the  subepithelial  layer  may  be  vascular  and  cellular  and 
thrown  into  folds,  or  it  may  be  thin  and  dense.     The  epithelium  is  often 

irregular,  sometimes  irregularly  thickened,  sometimes  thin,  or  it  may  be 
largely  absent.  The  glands,  muscle,  and  cartilages  of  the  walls  of  the 
bronchi  may  disappear  through  atrophy.  The  presence  of  certain  forms 
of  bacteria  in  the  exudate  in  bronchiectasia  may  lead  to  offensive  putre- 
factive process  and  even  to  gangrene.     Moulds  may  be  present. 

In  acute  and  chronic  phthisis  the  tuberculous  inflammation  of  the 

>  For  a,  atudy  or  broDohiecUgia  in  children  aee  Lapin.  Aich.  I.  Kindeilieilkunilc.  Bd.  xxxvii.,  1903, 
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walls  of  the  bronchi  often  gives  rise  to  sacculated  dilatations,  which 
expand  with  time  and  become  still  larger  by  the  destruction  of  the  adja- 
cent lung  tissue — tuberculous  bronchiectasiffl. 

TUMORS. 
Primary  tumors  of  the  bronchi  are  rare.     Lipoma,  chondroma,  and 
flbroma  have  been  observed.     Sarcoma  is  rare,  but  may  occur,  especially 


Fio.  sea.— FB1H4RT 


in  spheroidal-cell  forms,  or  as  an  extension  of  similar  growths  in  the 
mediastinum.     Adenoma   (Fig.  369)    and  primary  cerdnoma  are  rare.* 


Secondary  carcinotna  is  not  uncommon  and  may  also  involve  the 
trachea  or  the  lungs. 

Occlusion  of  bronchi,  partial  or  complete,  may  occur  from  tumors, 

1  8«  Wdltr.'Anh.  lot.  Med.,  1913,  li,  314,  Inbl. 
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polypi,  metazoan  parasites,  foreign  bodies,  exudates,  etc.,  or  through 
obstructive  lesions  in  the  walls. 

Calcified  masses  called  "lung  stones"  (Fig.  370)  may  be  found  in  the 
bronchi. 

LESIOlfS  OF  THE  TRACHEAL  ADD  BRORCHIAL  LYHPH-HODES. 

The  tracheal  and  bronchial  lymph-nodes  may  be  the  seat  of  a  variety 
of  lesions  which,  owing  to  their  situation,  as  well  aa  for  other  reasons, 
are  of  considerable  practical  impor- 
tance. They  may  be  enlarged  from 
hyperplasia  in  acute  infectiouB  dis- 
eases; by  the  development  in  them 
of  tumors;  in  leukfemia  and  with  es- 
pecial frequency  in  tuberculosia  (Plate 
III.).  They  may  become  pigmented 
from  inhaled  coal  or  other  dust  and 
may  atrophy  or  become  fibrous  or 
calcified.'  In  cheesy  degeneration 
following  tuberculosis  (Fig.  371),  or  in 
suppurative  inflammation,  perfora- 
tion may  take  place  into  the  air  pas- 
sages, the  (esophagus,  the  pulmonary 
blood-vessels,  or  aorta,  or  into  the 
pericardial  or  pleural  cavities;'  in 
this  way  hfemorrhage  or  secondary 
inflammatory  processes  or  gangrene 
may  occur.  Death  may  occur  from 
pressure  upon  the  trachea  by  tumors 
of  the  adjacent  lymph-nodes.  Sud- 
den death  from  asphyxia  may  result 
from  perforation  into  the  trachea. 
Pressure  upon  the  pulmonary  veina 
Fio.  371.— TnMBCDLons  *HD  CuBEoua  j^^y  jg^j  to  Dulmonary  cedema.  The 
The  noda  ««  much  eahrsed  and  piw  oronchial  lymph-uodes  are  very  im- 
upon  the  laiRBr  bronchi.  portant    as    distributing    centres    of 

infectious  micro-organisms,  and  par- 
ticularly as  points  of  lodgment  of  tubercle  bacilli,  which  have  been 
gathered  from  the  pulmonary  air  spaces,  from  the  pharynx  or  elsewhere.* 

■  For  tbe  MBocistion  of  picmeDtstion  and  tuberculnua  ol  th«  bronchial  lymph-nodea  uid  tb* 
pleunseep.  640.  For  ■  study  of  Blle«ed  intsetinal  origm  ofluog  pigment,  sea  VDnleomru,  Jour.  Hed. 
Rn.xxiii,  111.  IBIO. 

'  See  SUTT^rra,  Wiener  klin.  Woobenachrift.  1905,  p.  12H. 

•Coniult  [or  summary  of  iHiona  of  bronchial  lymph-uod»  BaU,  Phila.  Ued.  Jour.,  Deo.  lat, 
1900,  bib].  See  also  coacerniog  Euberculcais  reforeaoe  Nortlimp  and  Botaird.  p.  4S7,  sod  HaHiiU, 
Jour.  Inf.  Db..  vol.  ii..  p.  143.  1905.  See  also  itatiBtioi  of  Band,  Pbila,  Path.  Soc.,  voL  vi.,  p.  132,  1903. 
For  an  elcelleot  rtsumt  concerning  normal  and  pathologiaal  traoheal  and  broncbiat  lymph-nodei  ass 
Mar/an  in  Bouchard  and  BrissRud's  "Tnit«  ds  MMacins."  t.  vii..  p.  526:  also  ZnAtr  in  Graneber. 
Comby.  and  Marfoa'a  "Traits  dea  Maladiea  de  I'Enfance."  t.  iv.,  p.  235.  Foraaludyof  the  relation  of 
the  bronchial  lymph-oodee  to  the  lympfa.vnaels  of  the  thorax  see  W^tminitu.  Berl.  Idin.  Woch.,  1905, 
p.  743.  For  a  study  of  the  relationehip  of  the  cervical  and  bronchial  lympb-aodes  ho  Bdtiit,  Vinsh. 
Arch..  Bd.  cUniv.,  p.  1,  IWJfl. 
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The  Lungs. 

Malformations. 

One  or  both  lungs  may  be  wanting  or  only  partially  developed.  One  lung  is  some- 
times converted  into  a  number  of  sacs  formed  of  dilated  bronchi,  while  the  lung 
parenchyma  is  undeveloped.    Supernumerary  bronchi  are  recorded. 

The  lobes  may  be  subdivided  by  deep  fissures,  accessory  lobes  may  be  present,  or 
an  accessory  lung  may  be  present.  An  accessory  lung  in  the  abdominal  cavity  has 
been  described.^  There  may  be,  with  absence  of  part  of  the  wall  of  the  thorax,  hernia 
of  the  lung.  There  may  be  transposition  of  the  lungs,  with  similar  changes  in  the 
I>osition  of  the  heart  and  the  abdominal  viscera. 

INJURIES— PERFORATIONS. 

Severe  contusions  of  the  thorax  may  produce  rupture  of  the  lungs, 
with  extravasations  of  blood  into  the  pleural  cavities. 

The  lungs  may  be  wounded  by  a  fractured  rib  and  by  penetrating 
weapons  and  projectiles.  Such  injuries  often  lead  to  bleeding  into  the 
lung  tissue,  followed  by  inflammatory  changes.  The  lungs,  however, 
exhibit  a  considerable  degree  of  tolerance  for  such  injuries. 

Collections  of  pus  in  the  pleural  cavities,  the  mediastinum,  the  liver, 
the  spleen,  the  kidneys,  and  the  peritoneal  cavity  may  perforate  the  lungs. 
See  also  Hydro-pneumothorax. 

DISTURBANCES  OF  CIRCULATION. 

It  is  very  useful  to  anticipate  a  study  of  the  diseases  of  the  lungs  by  an  examina- 
tion of  the  circulation  in  the  lung  of  a  curarized  frog  on  the  Thoma  frog-plate  (see 
p.  111).  In  no  other  way  can  one  gain  so  vivid  a  conception  of  the  complexity  and 
abundance  of  the  circulatory  mechanism. 

Anaemia. — The  lungs  may  be  anaemic  in  connection  with  a  general 
anaemia  of  the  body;  or  from  compression  of  a  part  or  a  whole  organ,  as 
by  pleural  exudates,  tumors,  or  new-formed  fibrous  tissue;  from  occlu- 
sions of  blood-vessels  or  in  atrophy  of  these  in  emphysema. 

HyPERiBMIA    AND    (EdEMA. 

Hyperaemia  may  occur  as  the  result  of  the  inspiration  of  irritating 
gases;  from  the  presence  of  toxic  substances  in  the  blood;  in  early  phases 
of  inflammation,  or  as  the  result  of  such  an  occlusion  of  vessels  in  one 
part  as  causes  the  accumulation  of  blood  in  another. 

On  the  other  hand,  hyperaemia  of  the  lung  is  often  due  either  to  some 
hindrance  to  the  exit  of  blood  through  the  pulmonary  vein,  such  as 
mitral  stenosis  or  insufficiency,  or  to  enfeeblement  of  the  ventricular 
contractions,  as  in  fatty  degeneration  of  the  heart  muscle  or  interstitial 
myocarditis.  In  the  last  hours  of  life  the  feeble  action  of  the  heart  dis- 
poses to  pulmonary  congestion.  The  position  of  the  body  upon  the  back 
in  bed  favors  an  accumulation  of  blood  in  the  posterior  portions  of  the 

1  Consult  Vogd,  Virch,  Arch.,  Bd.  civ.,  p.  235,  1899,  bibl.;  also  Hammar,  Ziegler's  Beitr..  Bd. 
xxxvi..  p.  518,  1904. 
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Inn^— hypostatic  congestion.  Hyperamic  lungs  are  in  varying  degrees 
darker  and  heavier  than  normal;  an  unusual  amount  of  blood  flows  from 
the  cut  surface.  (Edematous  fluid  is  often  also  present.  Red  blood 
cells  often  pass  through  the  capillary  walls  in  hyperemia,  and  these  with 
more  or  less  exfoliated  epithelium  may  be  found  in  the  air  vesicles. 

Chronic  Congestion. — In  prolonged  hypcnemia  of  the  lungs,  notably  in 
connection  with  lesions  of  the  mitral  and  aortic  valve,  or  degeneration 
or  dilatation  of  the  left  ventricle,  the  veins  and  capillaries,  especially 
the  capillaries,  become  permanently  distended,  pouched,  and  elongated, 
BO  that  they  often  stretch  in  loops  into  the  air  spaces  (Fig.  372).  Red 
blood  cells  find  their  way  from  the  contorted  vessels  by  diapedesis  or  small 
luemorrhages  into  the  air  vesicles  or  interstitial  tissue  of  the  lung.     Here 


nt«d  epithelial  celb  of  the  air  veaiclea. 

decomposition   of  the  haemoglobin  leaves   brownish  pigment  particles 

which  may  remain  free  or  be  taken  into  cells.  In  the  air  vesicles  the 
epithelial  cells  usually  desquamate  in  considerable  numbers,  and  take  up 
the  pigment  in  varying  amount.  This  pigment  gives  to  the  lungs  a  pecu- 
liar brownish  pink  or  salmon  color.  The  appearance  of  these  lungs  may 
be  modified  by  hiKmorrhagic  infarctions,  by  pre-existing  emphysema  or 
cedema,  or  by  exudative  inflammation.  Associated  with  these  changes 
there  is  usually  a  new  formation  of  fibrous  tissue,  so  that  the  lung  becomes 
indurated,  leathery,  and  dry,  and  collapses  less  readily  than  normal. 
This  condition  is  often  called  brown  induration  of  the  lung.  This  for- 
mation of  fibrous  tissue  is  analogous  with  that  which  occurs  in  other 
organs,  such  as  the  kidney  and  liver  in  chronic  congestion.  Emigration 
of  leucocjiics  is  not  infrequently  associated  with  diapedesis  from  the 


Pathology — Delafield  and  Prudden.  Plate  III. 


Tuberculous  Bronchial  Lymph-Nodes. 

The  nodes  are  enlarged  and  caseous,  with  areas  of  commencing  softening.  An  isolated 
tubercle  in  the  lung  tissue  above  the  enlarged  nodes  indicates  a  local  diapersion  of  the 
tubercle  bacilli.    The  tung  was  hardened  in  alcohol. 
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dilated  capillaries,  and  these,  with  the  desquamated  epithelium,  may- 
accumulate  in  the  air  vesicles. 

(EDEMA  OF  THE  LUNGS. 

This  condition  is  rarely  independent,  but  is  usually  associated  with 
other  lesions  of  the  circulatory  or  respiratory  systems.  It  may  be 
circumscribed  or  involve  one  or  both  lungs.  The  lungs  in  pronounced 
oedema  do  not  collapse,  as  is  usual  on  opening  the  thorax.  They  may 
appear  translucent.  Fluid  runs  or  is  readily  squeezed  from  the  cut 
surfaces. 

In  oedema  of  the  lungs  the  vesicles  contain  a  clear,  sometimes  foamy 
albuminous  fluid,  occasionally  tinged  with  blood,  usually  mixed  with 
exfoliated  vesical  epithelium.  Leucoc3rtes  and  red  blood  cells  may  also 
be  present.  The  oefllematous  fluid  may  be  present  in  the  bronchi  and 
in  the  interstitial  tissue  of  the  lungs.  (Edema  is  often  associated  with 
hyperaemia,  and  like  this  may  vary  in  different  parts  of  the  lung.  On 
the  other  hand,  there  may  be  extensive  oedema  without  overfilled  blood- 
vessels; these  in  excessive  oedema  may  indeed  be  nearly  empty  and 
compressed.  CEdema  of  the  lungs  may  occur  in  general  infections  and 
intoxications,  or  in  association  with  local  inflammatory  processes. 

It  may  be  associated  with  cardiac  and  renal  lesions.  It  may  be  a 
part  of  general  dropsy  or  exist  independently  of  this.  It  frequently 
occurs  in  the  last  hours  of  life — agonal  oedema.  (Edema  of  the  lung  may 
occur  suddenly  without  the  obvious  inciting  accompaniments  above 
noted,  and  may  be  fatal.  Fatal  oedema  of  the  lungs  may  be  associated 
with  fat  embolism.^ 

The  studies  of  Welch^  show  that  with  diminished  force  exerted  by 
the  left  side  of  the  heart,  the  vigor  of  the  right  remaining  unimpaired, 
oedema  of  the  lungs  may  follow.* 

HiBMORRHAGE  AM)  INFARCTIONS. 

HiEMORRHAGE. 

Haemorrhages  into  the  lung  tissue  and  air  spaces  of  the  lungs  may 
occur  from  trauma,  from  rupture  of  aneurism,  in  acute  infectious  dis- 
eases and  intoxications,  in  scurvy  and  haematophilia,  in  asphyxia  from 
brain  lesions  or  other  conditions,  from  tuberculous  ulcerations  involving 
the  blood-vessels.     Multiple  ecchymoses  may  occur  in  fat  embolism. 

Haemorrhage  is  of  frequent  occurrence  in  excessive  hyperaemia  of  the 
lungs,  notably  in  connection  with  mitral  stenosis  and  insufficiency. 
Under  these  conditions  the  extravasation  of  blood  may  take  place  by 
diapedesis  or  by  rhexis.     The  accumulations  of  blood  may  be  single  or 

1  See  ref.  fat  embolism,  foot-note,  p.  34. 

*  WeUh,  Virchow's  Archiv,  Bd.  bcxii.,  p.  375;  riaumihy  MelUer,  Amer.  Med.,  vol.  viii.,  p.  391,  1904. 

'For  a  study  of  oedema  of  the  lungs  based  on  numerous  cases,  see  Coplin,  Pruc.  Path.  Soc.  of 
Phfla.,  vol.  ix.,  p.  77,  1906;  also  Riesman,  Am.  Jour.  Med.  Sci..  vol.  cxxxiii.,  p.  88,  1906.  For  a  study  of 
the  disturbances  of  circulation  in  the  Iimga  under  various  abnormal  conditions  see  Baser,  Centralbl.  f. 
ces.  Med..  Jan.  26th,  1901,  bibl. 
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multiple,  localized  or  diffuse,  dense  and  firm,  or,  when  oedema  is  present, 
soft  and  fluid  in  character.  During  the  last  hours  of  life,  owing  to 
enfeeblement  of  the  heart,  extravasation  of  blood  may  occur  which  sinks 
to  the  posterior  dependent  portions  of  the  lungs. 

Thrombosis,  Embolism,  Infarcts. 

As  a  result  of  thrombosis  or  embolism  of  the  pulmonary  artery, 
hcBmorrhagic  infarcts  may  be  formed.  They  are  not  very  common  in  the 
lungs  because  the  supply  of  blood  is  through  both  the  pulmonary  and 
bronchial  arteries,  so  that  even  with  stoppage  of  the  pulmonary  artery 
by  a  thrombus  or  embolus,  haemorrhagic  infarcts  are  not  necessarily 
formed.  When,  however,  the  pulmonary  circulation  is  faulty  as  in  var- 
ious cardiac  lesions,  haemorrhagic  infarcts  are  more  apt  to  form  as  the 
result  of  embolism  or  thrombosis  of  the  pulmonary  artery. 

These  infarcts  are  often  multiple,  usually  circumscribed,  and  rounded 
or  wedge-shaped,  from  the  size  of  a  walnut  to  that  of  an  orange.  They 
are  of  dark  red  color,  hard  and  unaerated,  with  the  air  spaces  distended, 
with  blood,  and  are  often  surrounded  by  a  zone  of  inflammatory  exudate. 
They  may  be  situated  in  any  part  of  the  lungs,  but  are  most  common 
in  the  lower  lobes.  At  the  apices  of  the  infarcts,  the  occluding  throm- 
bus or  embolus  may  be  discovered.  When,  as  is  usually  the  case,  they 
are  near  the  surface  of  the  lungs,  a  circumscribed  inflammation  of  the 
pleura  often  occurs.  The  air  spaces  within  the  infarcts  are  filled  with 
blood  and  the  capillaries  distended. 

Such  infarcts  may  be  followed  by  death;  they  may  become  gan- 
grenous, or  if  the  emboli  or  thrombi  be  not  infectious,  the  blood  may 
become  absorbed,  and,  especially  in  the  smaller  forms  which  are  more 
often  due  to  embolism,  they  may  be  gradually  changed  into  a  smaller 
mass  of  pigmented  fibrous  tissue.^ 

A  large  part  of  the  lungs  may  be  involved  in  haemorrhage  due  to 
thrombosis  of  large  trunks  of  the  pulmonary  artery.  Haemorrhagic 
infarctions  from  thrombosis  or  embolism  are  most  frequent  in  lungs 
which  are  the  seat  of  chronic  congestion.  The  most  common  source  of 
the  emboli  of  the  pulmonary  artery  is  the  right  heart  or  peripheral 
thrombi.  2 

ATELECTASIS. 

In  atelectasis  the  walls  of  the  air  spaces  lie  together,  either  because 
they  are  collapsed  or  compressed,  or  because,  as  in  congenital  atelectasis, 
the  lungs,  or  portions  of  them,  have  not  been  expanded  in  respiration. 

In  foetal  or  congenital  atelectasis  defects  in  the  respiratory  mechanism, 
or  blocking  of  the  air  passages,  may  be  responsible  for  thfe  unaerated 
condition  which  may  affect  only  parts  of  a  lung  or  a  whole  organ.     The 

1  For  a  study  of  experimental  infarction  of  lung  see  Karsner  and  Aah,  Jour.  Med.  Research,  1912,  N.S. 
xxii,  205. 

'  For  a  fuller  consideration  of  embolism  and  thrombosis  of  the  pulmonary  artery  consult  Wtick, 
in  Allbutt's  "System  of  Medicine,"  vol.  vi.,  p.  261. 
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atelectatic  portions  of  the  lungs  are  dark  red  in  color  and  of  fleshy  con- 
sistence.* 

Atelectasis  may,  on  the  other  hand,  be  acquired,  either  in  childhood 
or  in  adult  life.  In  young  children  collapse  of  portions  of  the  lung  is 
of  frequent  occurrence,  through  occlusion  of  bronchi  by  inflammatory 
exudate.  The  region  thus  cut  off  is  gradually  deprived  of  air,  so  that, 
as  the  blood  continues  to  circulate,  it  is  dark  red  and  firm  in  texture. 
Compression  atelectasis  may  be  due  to  exudates,  tumors,  etc.,  in  the  pleu- 
ral cavities.  Under  these  conditions  the  portion  of  lung  involved  may 
be  paler  than  normal  from  the  pressing  out  of  the  blood.     In  adults, 


-<V"^v 


Fio.  373. — Vesicular  Emphtbkma. 
Showing  enlargement  of  the  air  spaces  and  thinning  of  their  walls. 

large  or  small  portions  of  lung  tissue  may  collapse  from  occlusion  of 
a  bronchus  by  exudate  or  stenosis,  by  paralysis  of  the  vagus,  or  in  long- 
continued  feebleness  of  respiration.  CEdema  may  be  associated  with 
collapse. 

Atelectasis  may  resolve  by  an  early  admission  of  air  to  the  collapsed 
region.  On  the  other  hand,  if  prolonged,  fibrous  tissue  may  form  and 
the  involved  portion  may  be  finally  converted  into  a  cicatricial  mass, 
sometimes  containing  bronchiectatic  cavities. 


ElfPHYSEMA. 

Vesictilar  Emphysema. — In  forcible  inspiration  or  expiration  through 
obstruction  of  the  air  passages,  in  coughing,  or  in  the  use  of  wind  instru- 
ments, or  with  consolidation  or  compression  of  portions  of  the  lungs,  the 
walls  of  the  air  spaces  of  the  lungs  may  be  more  or  less  distended,  either 
in  circumscribed  regions  or  over  large  areas  of  the  lungs.     This  may 

>  CoUap«ed  hings,  from  their  red  color  and  fleshy  consistence,  are  often  spoken  of  as  "oamified." 
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develop  in  a  short  time,  and  then  the  condition  is  designated  acute 
emphysema. 

If  the  conditions  which  induce  emphysema  be  persistent,  as  in  chronic 
bronchitis  with  difficult  respiration  and  coughing,  atrophy  of  the  walls 
of  the  air  vesicles  and  alveolar  passages  may  take  place — chronic  emphy- 
sema. The  walls  become  thinner 
and  are  often  perforated;  adja- 
cent air  spaces  coalesce,  so  that 
larger  and  smaller  irregular,  thin- 
walled  cavities  are  formed  (Fig. 
373).  Destruction  of  the  capil- 
lary network  of  the  atrophied 
walls  occurs,  and  the  lung  may 
thus  become  pale  and  amemic. 
As  a  rule,  the  distention  of  the 
air  spaces  is  most  marked  along 
the  anterior  margins  of  the  lungs, 
but  it  may  be  more  general. 
Through  the  atrophy  of  the  elas- 
tic tissue  of  the  lungs,  when  the 
lesion  is  general  and  advanced, 
these  organs  do  not  collapse  when 
the  chest  is  opened.  They  ap- 
pear pale,  are  dry  and  soft,  and 
pit  on  pressure  by  the  finger. 

The  microscopic  picture  is 
that  of  varying  degrees  of  atro- 
phy; desquamation  and  fatty 
degeneration  of  the  vesical  epi- 
thelium are  common. 

As  already  indicated,  emphy- 
sema of  the  lungs  is  often  asso- 
ciated  with  chronic  bronchitis. 
With  this  may  be  more  or  less 
hyperplasia    of    the    interstitial 
tissue.     Dilatation  or  hypertro- 
phy  of   the   wall   of  the   right 
ventricle  is  common.     Chronic 
endarteritis    of    the  pulmonary 
vessels  may  be  associated  with 
emphysema.      There  may  be  chronic  venous  congestion    of    the    ab- 
dominal viscera  and  dropsy.     Delafield  holds  that  the  more  essential 
lesion  in  some  forms  of  emphysema  is  the  development  of  new  connective 
tissue  with  which  dilatation  of  the   air  vesicles   and  atrophy  of  their 
walls  are  in  varying  degrees  associated. 

In  old  age,  atrophic  processes  in  the  lungs  may  be  associated  with 

>  For  B  fuller  dacription  of  this  unuausl  cue  see  Norlhrup.  Am.  Jour.  Med.  Sci.,  voL  IrnvL,  1SS3. 
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dilatation  and  mergence  of  the  air  spaces.  This  is  called  senile  emphy- 
sema. Excessive  emphysema,  apparently  congenital,  may  be  present 
in  young  children  (see  Fig.  374). 

Interstitial  Emphysema. — Kupture  of  the  walls  of  the  air  spaces 
may  permit  the  escape  of  air  into  the  interstitial  tissue  of  the  lunge 


<Fig.  375).  Rupture  of  the  pulmonary  pleura  may  admit  air  into  the 
mediastinum  and  thence  into  the  tissues  of  the  neck,  Gaa  may  form 
after  death  in  the  interstitial  tissue  of  the  lungs,  from  the  presence  of  the 
Bacillus  aerogenes  capsulatus  or  other  putrefactive  bacteria. 

gakgrehe. 

Circumscribed  gangrene  occurs  in  the  form  of  one  or  more  rounded 
or  irregular  masses  of  variable  size.  The  gangrenous  portion  of  lung  is 
at  first  brown  and  dry.  The  surrounding  lung  tissue  is  congested  or 
cedematous,  or  infiltrated  with  blood,  or  inflamed.  If  the  gangrenous 
focus  is  near  the  pleura,  the  latter  will  be  coated  with  fibrin.  Gradually 
the  gangrenous  portion  of  lung  assumes  a  dirty  green  color  and  a  putrid 
odor.     It  becomes  soft,  disintegrated,  and  separated  from  the  surround- 
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ing  lung.  The  blood-vessels  may  be  obliterated  by  thrombi,  or  eroded, 
so  that  there  are  profuse  haemorrhages. 

Such  a  gangrenous  process  may  extend  to  the  adjacent  lung  tissue,  or 
a  zone  of  gray  or  red  hepatization  or  of  connective  tissue  may  be  formed. 
The  fluid  from  the  gangrenous  lung  may  pass  into  the  bronchi  and  be 
expectorated;  or  it  may  run  from  one  bronchus  into  another  and  incite 
new  gangrenous  foci  or  diffuse  gangrene.  The  pulmonary  pleura  may  be 
perforated  and  a  gangrenous  pleurisy  produced.  Gangrene  may  follow 
lobar  or  broncho-pneumonia,  especially  such  phases  of  the  latter  as  result 
from  the  inspiration  of  foreign  material  containing  micro-organisms  from 
the  mouth;  it  may  arise  from  infectious  emboli  in  the  lungs,  or  by  an 
extension  of  a  gangrenous  process  from  an  adjacent  part.  It  may  be 
associated  with  oesophageal  diverticula.' 

Diffuse  gangrene  may  follow  the  circumscribed  form;  it  may  compli- 
cate lobar  pneumonia  or  occur  as  an  independent  condition.  A  large 
part  of  a  lobe  or  of  an  entire  lung  becomes  greenish,  putrid,  and  soft, 
and  the  pulmonary  pleura  is  inflamed.  There  may  be  haemorrhages  from 
eroded  vessels.     There  may  be  general  septicaemia. 

Various  forms  of  bacteria  may  be  present  in  gangrenous  areas  of 
the  lungs.  Among  the  more  common  are  Streptococcus  pyogenes, 
Staphylococcus  pyogenes,  pneumococcus,  and  various  saprophytic 
micro-organisms. ' 

INFLAMMATION.     (Pnetimoniay  Pnetimonids.) 

General  Considerations. 

Before  commencing  the  study  of  inflammation  of  the  lungs  it  is  well  to  recall  some 
of  those  features  of  structure  and  function  which  influence  the  local  manifestations  of 
disease  in  these  organs  and  largely  determine  the  special  character  of  its  lesions.  In 
the  first  place,  the  lungs,  like  the  gastro-intestinal  canal,  while  in  a  topographic  sense 
within  the  body,  are  still  in  open  communication  with  the  exterior,  and  are  thus  more 
directly  exposed  to  various  deleterious  agencies  than  are  those  structures  and  organs 
wholly  enclosed  by  living  tissues.  Notwithstanding  this  vulnerability  of  location,  the 
recesses  of  the  lungs  are  guarded  by  protective  mechanisms  of  great  efficiency. 

Since  many  of  the  lesions  of  the  lungs,  as  we  shall  presently  see,  are  induced  by 
the  entrance  of  foreign  material  into  them  in  the  form  of  dust,  it  will  be  useful  here  to 
glance  at  some  of  the  ways  in  which  the  body  is  protected  against  the  entrance  of  dust 
and  the  means  by  which  it  is  disposed  of  when  it  does  pass,  as  is  frequently  the  case, 
even  the  most  effective  barriers. 

In  normal  breathing  through  the  nose,  the  air  impinging  upon  the  moist  surface  of 
the  tortuous  passages  loses  a  considerable  part  of  its  dust  and  bacteria.  In  the 
throat,  larynx,  and  trachea,  a  similar  clearing  occurs,  so  that  at  the  end  of 
inspiration  the  air  has  been  so  far  freed  from  its  floating  particles  that  it  emerges  in 
the  expiration  practically  dust-  and  germ-free. 

If  the  nasal  passages  are  not  normal,  or  breathing  through  the  mouth  is  practised, 
the  air  contaminations  may  pass  more  deeply  into  the  recesses  of  the  lungs,  or  may 
still  remain  to  a  certain  extent  suspended  in  the  expired  air. 

Many  of  the  dust  particles  which  may  lodge  upon  the  walls  of  the  deeper  air  pas- 
sages are  swept  upward  by  the  ceaseless  ciliary  movement  and  cast  out,  as  are  the 
secretions  and  dust  accumulations  from  the  nose  and  throat.    The  growth  of  many 

>  See  reference  to  Starck,  p.  652. 

'  See  for  "acid-proof"  bacilli  in  gangrene,  OphUht  Jour.  Med.  Res.,  voL  viii.,  p.  242,  1902. 
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micro-organisms  is  inhibited  by  the  mucus  of  the  air-passages.  Many  inert  dust 
particles  which  are  taken  into  the  tissues  at  the  tonsils  or  in  the  deeper  recesses  of  the 
air  tubes  are  carried  in  the  l3rmphatics  to  places  of  temporary  or  permanent  deposit. 
Many  micro-organisms  within  the  tissues  are  destroyed  by  phagocytes  or  by  the  body 
fluids. 

Thus  it  is  that  although  large  numbers  of  dust  particles  may  enter  the  respiratory 
passages  at  every  breath,  the  larger  proportion  are  usually  safely  disposed  of,  most  of 
them  through  the  secretions  of  the  throat  and  nose. 

It  has  long  been  known  that  a  certain  number  of  inert  dust  particles  from  the  in- 
spired air,  in  spite  of  the  tortuous  and  narrow  passages  which  they  must  pass  in  the 
deeper  recesses  of  the  lungs,  do  reach  the  air  vesicles,  from  which  they  may  be  largely 
removed  to  the  adjacent  tissues  or  to  the  bronchial  lymph-nodes  by  way  of  the  pleural 
and  other  lymph-vessels. 

Whether  living  bacteria  can  reach  the  air  vesicles  under  the  ordinary  conditions  of 
respiration  is  a  much  discussed  question,  which  has  given  rise  to  many  painstaking 
researches.  One  group  of  workers  has  concluded  that  the  lungs,  except  for  the  larger 
air  passages,  are  usually  germ-free.  On  the  other  hand,  many  have  concluded  from 
equally  careful  studies  that  the  lungs  of  both  men  and  animals  often,  if  not  always, 
contain  a  moderate  number  of  living  micro-organisms.  The  technical  difficulties  in 
this  research  are  so  great,  and  the  conditions  under  which  they  have  been  undertaken 
are  so  various,  that  this  difference  of  opinion  is  not  surprising. 

Without  attempting  to  marshal  the  evidence  adduced  on  both  sides  of  the  question 
it  appears  that  in  most  of  the  earlier  studies  on  the  artificial  introduction  of  living 
micro-organisms  into  the  lungs,  the  time  which  was  allowed  to  elapse  between  the 
introduction  of  the  germs  and  the  examination  of  the  lungs  was  too  long,  so  that  the 
possibiUty  that  the  lungs  might  rapidly  dispose  of  germs  lodged  in  their  deeper 
recesses  by  lysis  or  phagocytosis,  was  overlooked. 

In  fact,  it  has  been  found  that  in  experiments  in  which  animals  are  exposed  to  an 
atmosphere  laden  with  bacteria-containing  dust  or  spray,  if  the  animals  be  killed  at 
once  after  the  exposure,  living  micro-organisms  may  be  found  even  in  the  deepest 
portions,  while  if  even  a  short  time  be  allowed  to  elapse  they  will  have  entirely 
disappeared. 

While,  however,  in  the  air  passages  and  lungs  we  have  a  most  efficient  protective 
mechanism  against  the  entrance  and  permanent  lodgment  under  ordinary  conditions 
of  both  inert  dust  particles  and  living  micro-organisms  in  such  situations  as  would 
involve  serious  damage  to  these  delicate  organs,  it  should  be  remembered  that  the 
efficiency  of  these  safeguards  may  be  greatly  diminished  if  they  are  overworked  and 
abused. 

The  lungs  of  practically  all  persons  who  Uve  indoors  contain  a  considerable  amount 
of  soot,  which  blackens  them  (see  p.  616).  The  irritation  incited  by  this  foreign  stuff 
leads  in  most  adults  to  some  part  of  the  lungs  becoming  dense  and  useless.  The  over- 
working of  the  delicate  mechanism  for  filtering  the  foreign  matter  out  of  the  lymph 
flowing  from  the  lungs  to  the  interior  blood  channels  leads  to  serious  damage  of  this 
mechanism  and  to  an  increased  vulnerabihty  to  infection  which  the  healthy  body 
should  and  could  resist. 

The  responses  of  the  lung  tissue  to  the  excitants  of  inflammation  are  not  funda- 
mentally as  distinct  nor  as  variable  as  the  common  classifications  of  pneumonia  would 
seem  to  indicate.  Exudation  from  the  smaller  blood-vessels  is  one  of  the  most  com- 
mon features  of  the  acute  phases  of  pulmonary  inflammation. 

The  formation  of  exudates  is  favored  by  the  extensive  capillary  network  which  is 
almost  directly  exposed  to  such  deleterious  agents  as  may  gain  access  to  the  air  spaces; 
while  a  great  accumulation  of  exudates  is  possible  owing  to  the  spongy  structure  of  the 
organs.  The  transitional  character  of  the  epithelium  lining  the  air  vesicles  predis- 
poses to  cell  proliferation  and  exfoliation,  and  thus  to  the  formation  of  exudate.  On 
the  other  hand,  the  abundant  blood  and  lymph  channels  *  favor  the  speedy  removal 
from  the  air  spaces  in  the  lungs  of  large  quantities  of  exudate. 

There  are  two  sets  of  lymph- vessels  in  the  lung;  first,  those  which  accompany  the 

1  See  Miller,  Arch.  f.  Anat.  und  Physiologie,  Anat.  Abth.,  1000,  p.  197,  bibL 
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pulmonary  artery  and  pour  their  lymph  into  the  bronchial  nodes  at  the  hilum  of  the 
lung;  second,  those  which  ramify  in  the  interacinous  and  interlobular  tissue  of  the  lung 
(Fig.  376)  and  join  the  branches  of  the  pleural  plexus  between  the  lobules.  It  is 
evident  from  this  arrangement  of  the  pulmonary  lymphatics  that  a  close  relationship 
is  maintained  between  even  the  deeper  recesses  of  the  lung  and  the  pleura." 


the  lobules  of  the  lung  Bta  outlined  by  the  tbiekeoiDf  of  tha 
mph  chanaela  scd  of  the  Inteilobulur  eepta. 


■Note  by  Councilman,  "The  Lobule 
Jour.  Med.  Sci.,  vol.  iv.,  p.  1B5,  1900.  Fi 
domcatic  animnla  see  MiiUer,  Arch.  f.  ML! 
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Along  the  subpleural  lymph-vessels  are  numerous  islets  of  lymphoid  tissue  and 
often  a  few  small  lymph-nodes.* 

WhiAe  the  abimdant  lymphatics  of  the  lungs  aid  in  the  rapid  disposal  of  exudates, 
they,  on  the  other  hand,  favor  the  absorption  of  toxic  substances  into  the  body  at 
large  when  bacteria,  for  example,  are  the  excitants  of  the  local  inflammation.  So  that 
although  exudative  pneumonia  is  commonly  considered  a  local  disease,  it  is  often 
rather  a  local  expression  of  a  general  infection  or  is  doubly  significant  on  account  of  the 
associated  toxaemia.  In  addition  to  the  development  and  accumulation  of  exudates, 
necroses  and  the  formation  of  fibrous  tissue  are  the  most  noteworthy  general  pathologi- 
cal processes  in  the  lungs. 

While  the  conspicuous  differences  in  the  various  forms  of  pneumonia  are  largely 
due  to  differences  in  the  nature,  virulence,  and  distribution  of  their  excitants,  predis- 
posing factors  dependent  upon  age,  constitutional  condition,  and  the  protective 
mechanism  of  the  lungs  are  of  great  significance. 

The  common  classifications  are  based  partly  upon  etiology,  partly  upon  morphol- 
ogy, and  the  names  used  suggest  now  the  topography  of  the  lesions  or  the  character  of 
the  tissue  which  is  especially  affected,  and  again  the  species  of  the  bacterial  excitant. 
Thus  the  term  lobar  pneumonia  is  topographical;  tuberculous  pneumonia  emphasizes 
the  excitant;  while  interstitial  pneumonia  suggests  the  form  of  tissue  involved.' 

Acute  Lobar  Pneumonia.     {Fibrinous  Pneumonia — 

CroupoiLS  Pneumonia,) 

This  is  an  infectious  disease  incited  by  the  Diplococcus  pneumoniae 
(pneumococcus  of  Fraenkel).'  It  is  especially  characterized  by  an  exu- 
dative inflammation  in  which  red  and  white  blood  cells,  serum,  and  fibrin 
accumulate  in  the  air  spaces  of  the  lungs,  usually  involving,  especially  in 
adults,  the  whole  of  one  lobe  or  lung  or  portions  of  both  lungs.*  Toxsb- 
mia  from  the  absorption  of  poisons  formed  locally  in  the  lungs  is  an 
important  and  often  most  significant  factor  in  the  disease.  The  pneumo- 
coccus is  usually  widely  disseminated  in  the  blood. 

During  the  first  hours  of  the  inflammation  the  capillaries  of  the  air 
spaces  are  congested,  the  lung  is  (Edematous,  firmer  than  normal,  but 
not  markedly  consolidated.  The  air  spaces  contain  varying  numbers  of 
leucocytes,  red  blood  cells,  serum,  and  fibrin  (Fig.  377).  The  epithelial 
cells  lining  the  air  vesicles  may  be  swollen,  they  sometimes  proliferate, 
and  are  usually  detached  in  considerable  numbers.  Catarrhal  bronchitis 
and  pleuritis  may  at  this  time  develop.  This  is  called  the  stage  of  "  con- 
gestion "  or  "  engorgement  '*  and  may  last  for  a  few  hours  or  for  several 
days. 

As  the  process  continues,  red  blood  cells,  but  especially  polymor- 
phonuclear leucoc3rtes,  and  fibrin  accumulate  in  the  air  spaces  and  smaller 

1  See  for  a  study  of  pleural  lymph-nodee  and  lymphoid  tissue  HeUeVt  Deut.  Arch.  f.  klin.  Med. 
Bd.  Iv..  p.  141,  1895. 

*  For  a  comprehensive  risumi  of  the  normal  and  pathological  physiology  of  the  lungs  see  HeinM, 
*'  Handbuch  d.  exp.  Path,  und  Pharmak.."  1905,  Bd.  2. 

*  We  shall  use  here  as  synonymous  the  names  Diplococcus  pneumonise  and  pneumococcus;  when 
pneumococcus  is  used  the  pneumococcus  of  Fraenkel  is  referred  to.  For  a  description  of  this  organism 
•ee  p.  218. 

^  The  clinical  course  and  the  morphological  characters  of  the  inflammation  of  the  lungs  associated 
with  the  Diplococcus  pneumoniae  are  so  typical  that  we  seem  justified  in  limiting  the  term  lobar  or 
fibrinous  pneumonia  to  this  condition,  even  though  inflammations  of  the  lungs  due  to  other  excitants 
are  occasionally  lobar  in  extent  and  may  have  a  fibrinous  exudate,  and  though  exceptionally  the  pneu- 
mococcus inflammation  itself  fails  to  reach  lobar  proportions. 
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bronchi,  so  that  the  portion  of  lung  involved  becomes  solid  aodf  riable, 
Bomewhat  resembling  the  liver  in  color  and  consistence;  hence  the  term 


data,  fibrin,  leucocytes,  ted  blood  oelk,  and  exfoliated  epitfaelium. 

"red  hepatization"  which  has  been  used  to  indicate  this  condition.  The 
cut  surface  of  the  consolidated  portion  is  dry  and  coarsely  granular, 
the  granules  being  plugs  or  casts  of  exudate  in  the  air  spaces.    A  light 


lOHiA— Shoe  or  "Rxd  and  Coat  Hupatuatioh." 
c  coDsistina  lately  of  leucocytas,  fibrin,  and  MTum  with  a 
few  epithelial  eella^ 


scraping  of  the  cut  surface  of  the  lung  with  the  knife  readily  removes 
these  granules  or  plugs  of  exudate,  which  consist  largely  of  fibrin  and 
leucocytes  with  red  blood  cells  and  exfoliated  epithelium  (Fig.  378).    The 
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relative  amount  of  leucocytes,  red  blood  cells,  and  fibrin  in  the  air  apaces 
variea  greatly,  sometimes  one,  sometimes  the  other,  preponderating 
(Fig.  379).  The  fibrin  fibrils  often  coalesce  or  swell,  forming  homogene- 
ous, irregular  masses.  On  staining,  large  numbers  of  pneumococci  may 
be  found  mingled  with  the  other  elements  or  within  the  cells  of  the 
exudate.  While  the  general  appearance  of  the  lung  in  this  stage  is  red, 
it  is  often  mottled  with  gray  and  frequently  is  not  uniformly  solid. 
Although  the  capillary  blood-vessels  are  compressed,  they  for  the  most 
part  remain  pervious;  but  thrombosis  is  not  infrequent.  Fibrinous 
pleuntis  is  commonly  present,  and  the  interstitial  tissue  of  the  lung, 


while  usually  free  from  exudate,  may  be  cedematous  and  contain  a  few 
leucocytes  and  some  fibrin. 

The  quantity  of  exudate  in  the  lung  is  often  very  large.  Hodenpyl 
has  found  it  sometimes  to  be  from  three  to  four  or  even  six  pounds  in 
weight. 

In  the  usual  course  of  events  the  red  blood  cells  now  lose  their  tuemo- 
globin,  the  exudate  begins  to  soften,  and  the  lung  assumes  a  grayish 
color — gray  hepatization  or  commencing  resolution.  The  leucocytes  and 
exfoliated  epithelium  undergo  granular  and  fatty  degeneration'  or  necro- 

ed.  Ro.,  vol.  X.,  p.  100, 
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BIS,  and  these  with  the  fibrin  soften  and  disintegrate  {Fig.  380).     The  cut 

surface  of  the  lung  is  now  moister,  less  granular,  and  is  often  covered 

with  a  grumous  fluid.     In  view  of  the  new  studies  on  cytolysis  it  seems 

probable  that  here,  as  in  the  removal  of  alien  and  dead  organic  material 

elsewhere  in  the  body,  the  exudate 

is  softened  and   rendered  capable 

of  solution  by  an  exaggeration  of 

the  normal  autolytic  processes  (see 

p.  106). •     The  softened  exudate  is 

I  gradually  absorbed  or  may  be  in 

part   expectorated.     The  involved 

portion  of  lung  again  contains  air; 

the  epithelium  of  the  air  spaces  is 

regenerated. 

While  it  is  customary  and  con- 
venient to  describe  definite  stages 
of  lobar  inflammation  of  the  lung — 
Flo.  3S0.— Exudate  fhou  thb  luno  ih  ^'^  ^""^  gray  hepatization  and  reso- 

lution— these  in  fact  not  only  merge 
gradually  into  each  other,  but  often 
coexist  in  different  parts  of  the  lung. 
The    process    of    reparation    also 
usually  occurs  irregularly,  so  that  a  lung  in  resolution  may  show  side  by 
side  in  neighboring  air  spaces  well-formed  cellular  and  fibrinous  exudate, 
degenerated  exudate,  and  various  phases  of  epithelial  cell  repair.' 

The  nature  of  the  characteristic  crisis  in  pneumonia  marked  by  a 
sudden  fall  in  the  temperature  and  improvement  of  the  general  symp- 
toms is  not  clear.  It  is  not  accompanied  by  obvious  changes  in  the 
pulmonary  exudate.  Many  studies  have  been  made  on  this  subject, 
upon  which  we  cannot  enter  here.* 

For  the  evidence  of  communicability  of  the  infectious  agent  in  lobar 
pneumonia  see  page  219.* 

Associated  Lesions  In  Other  Organs/ — Fibrinous  or  sero-flbrinous  pleu- 
ritis,  usually  with  slight  but  often  with  voluminous  exudate,  commonly 
accompanies  lobar  pneumonia.  Catarrhal  and  fibrinous  bronchitis  is  also 
usually  associated  with  the  pneumonic  process.  Pericarditis  and  endo- 
carditis are  not  infrequent  complications;  meningitis  occasionally  occurs. 
The  excitant  of  these  complications  is  usually  the  pneumococcus.' 

Chromatolysis  of  the  ganglion  cells,  albuminous  degeneration  in  the 
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kidney,  liver,  and  heart,  hyperplasia  of  the  bronchial  lymph-nodes, 
together  with  leucocytosis,  fever,  and  frequent  serious  enfeeblement  of 
the  heart  action,  are  marks  of  toxaemia.  The  bronchial  lymph-nodes  may 
contain,  especially  in  the  perifollicular  sinuses,  and  often  within  phago- 
cytes, red  blood  cells,  cell  detritus,  and  pneumococci  brought  from  the 
lungs;  fibrin  is  frequently  also  present. 

In  lobar  pneumonia  in  young  children,  in  those  enfeebled  by  acute 
and  chronic  disease,  and  in  the  aged,  the  lungs  are  often  less  uniformly 
consolidated  and  less  dense  and  hard  than  in  vigorous  adults.  When 
lobar  pneumonia  occurs  in  lungs  already  the  seat  of  chronic  lesions,  such 
as  chronic  congestion,  emphysema,  interstitial  pneumonia,  or  tuberculo- 
sis, the  gross  appearances  of  the  organs  may  differ  in  various  ways  from 
those  of  uncomplicated  pneumonia. 

While  Diplococcus  pneumoniae  is  the  regular  excitant  of  lobar  pneu- 
monia, other  bacteria — see  below — are  not  infrequently  associated  with 
it,  sometimes,  though  by  no  means  always,  leading  to  clinical  complica- 
tions and  to  modifications  of  the  appearance  of  the  lesion.  Predisposition 
of  the  individual  is  an  uncommonly  conspicuous  and  important  factor 
in  the  etiology  of  this  as  other  forms  of  pneumonia,  so  that,  as  is  well 
known,  exposure,  fatigue,  etc.,  may  induce  the  favoring  bodily  condi- 
tions under  which  the  pneumococcus  becomes  harmful.  The  experiments 
upon  animals  are  most  conclusive  in  demonstrating  that  intrapulmonary 
injections  of  pneumococcus  cultures,  which  may  be  entirely  without 
obvious  effects  in  a  healthy  animal,  may  induce  exudative  inflammation 
or  become  quickly  fatal  after  such  exposure  to  cold  or  fatigue  or  injury, 
or  to  the  action  of  drugs,  as  interferes  with  the  integrity  of  the  blood  or 
locally  damages  the  pulmonary  tissues.^ 

Delayed  Resolution  after  Lobar  Pneumonia  (^'Organizing  Pneumonia")* 
— Instead  of  undergoing  resolution,  the  fibrinous  and  cellular  exudate 
in  the  air  spaces  in  lobar  pneumonia  may  persist,  and  by  a  process  similar 
to  that  which  is  called  organization  of  a  thrombus  (p.  27)  may  be 
gradually  replaced  by  new  vascular  fibrous  tissue.  New  connective- 
tissue  cells  grow  out  from  the  walls  of  the  air  spaces  into  the  exudate; 
these  cells  become  elongated.  Intercellular  fibrils  develop,  and  long 
masses  or  bands  of  this  new  tissue,  often  containing  blood-vessels,  may 
extend  for  considerable  distances  through  the  air  channels  of  the  lung 
(Fig.  381).  These  may  gradually  coalesce  with  the  walls,  and  together 
with  an  interstitial  connective-tissue  growth  may  lead  to  a  fibrous  con- 
solidation of  the  lung. 

Delafield  describes  such  an  intra-alveolar  formation  of  connective 
tissue  leading  to  fibrous  induration  of  lobes  of  the  lung  and  occurring  as 
an  independent  lesion  apart  from  the  exudative  form  of  lobar  pneumonia. 

Concurrent    Infection   and    Suppurative    Inflammation   of   the 

Lung  Following  Lobar  Pneumonia. 

Although,  as  stated  above,  Diplococcus  pneumoniae  usually  occurs 
alone  in  typical  lobar  pneumonia,  it  may  be  accompanied  by  the  Strepto- 

^  For  reference  to  experimental  excitation  of  pneumonia  see  p.  614. 
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COCCUS  and  Staphylococcus  pyogenes  and  occasionally  by  other  micro- 
organisms. The  exact  significance  of  these  mixed  or  concurrent  infections 
in  lobar  pneumonia  is  not  always  clear.  But  instead  of  the  usual 
resolution  there  may  be  gangrene;  or  suppuration  of  the  interstitial  lung 
tissue  with  the  formation  of  abscess  may  occur.  In  such  cases  Strepto- 
coccus pyogenes  and  Staphylococcus  pyogenes  aureus  or  putrefactive 
bacteria  may  be  present  with  the  pneumococcus  in  the  exudate. 


Suppurative  inflammation  of  the  interstitial  tissue  of  the  lungs  may 
involve  not  only  the  larger  fibrous-tissue  bands,  but  the  walls  of  the  air 
vesicles  and  other  air  spaces.  It  is  often  called  "purulent  infiltration." 
From  the  cut  surface  of  the  lungs  in  resolving  lobar  pneumonia  a  gni- 
mous  fluid  resembling  pus  often  exudes,  and  this  is  sometimes  mistaken 
for  a  mark  of  interstitial  suppuration  of  the  lung. 

Suppurative  inflammation  of  the  interstitial  tissue  of  the  lung  may 
occur  without  association  with  lobar  pneumonia. 

Lobular  Pneumonia  and  Broncho-Pneumonia. 

In  distinction  from  that  common  form  of  pulmonary  inflammation 
induced  by  the  Diplococcus  pneumonise,  which  as  we  have  seen  is  usu- 
ally lobar  in  character,  there  are  exudative  inflammations  of  the  lungs, 
due  to  many  different  excitants,  which  are  "patchy"  or  "lobular"  in 
extent,  the  consolidated  areas  varying  in  size  from  such  as  are  scarcely 
visible  to  those  several  centimetres  in  diameter.'  These  patches  of  lobu- 
lar consolidation  often  join  and  merge,  so  that  solidification  of  whole 
lobes  or  lungs  is  not  uncommon.  But  the  mottled,  uneven  surface  and 
color  of  the  lungs  on  section,  and  the  usual  absence  of  the  peculiar  granu- 

■  Hie  leim  lobular  dD«a  not  refer  exctiuively  to  the  annlomiciil  "  [obulc"  of  ths  lun«.  linoe  Uh 
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lation  ordinarily  suffice  for  the  distinction,  even  to  the  naked  eye,  of  the 
lobar  from  the  coaleacent  lobular  forms  of  exudative  pneumonia. 

It  is  convenient  to  recognize  several  types  of  lobular  exudative  pneu- 
monia, although  the  character  of  the  exudate  is  not  distinctive. 

Broncho -pneumonia. — Lobular  Pneumonia  with  Inflammation  of  the  Smaller  Bronchi, 

This  most  important  type  of  lobular  pneumonia  frequently  develops 
in  connection  with,  and  as  an  extension  of  that  form  of  inflammation  of 
the  smaller  bronchi  commonly  called  "c&pillary  bronchitis."  At  first 
dark  red  in  color,  the  lobular  areas  of  consolidation  in  broncho-pneumonia 
become  more  gray  at  the  centre  through  degeneration  of  the  exudate, 
while  the  advance  of  the  process  in  the  periphery  is  marked  by  a  less 
solid,  redder  zone.     On  section  of  the  fresh  lung  these  areas  (Fig.  382) 


Fia.  3S2,— BBOHcno-FNEuuOMU  in  in  Addlt. 

Sbowins  several  areu  of  oauBolidBtioD  with  the  central  bmnehiu  filled  witb  exudsM — stained 

dark  id  the  eeetioD  from  vhicb  the  pholagraph  ww  made. 

usually  project  somewhat  above  the  general  surface,  and  at  their  cen- 
tres the  involved  bronchi  may  appear  as  lighter  spots,  from  which  pus 
may  exude  or  be  easily  pressed  out.  Such  areas  may  coalesce,  forming 
larger  consolidations.  The  exudate,  which  more  or  less  completely  fills 
the  air  spaces  (Fig.  383),  consists  of  serum,  old  and  new-formed  epithe- 
lial cells  from  the  walls  of  the  air  spaces,  red  blood  cells,  and  often  fibrin 
and  polymorphonuclear  leucocytes  (Fig.  384)  with  various  forms  of 
micro-oi^anisms.  As  a  rule,  however,  fibrin  and  leucocytes  are  not  as 
abundant  as  in  the  exudate  of  lobar  pneumonia.  Mucus  and  bronchial 
epithelium  may  be  aspirated  into  the  air  spaces  and  mingled  with  the 
exudates. 
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Broncho-pneumonia  involves  a  direct  extension  of  the  inflammatory 
process  from  the  bronchi  to  the  contiguous  lung  tissue,  so  that  there  is 
both  an  interstitial  and  exudative  pneumonia  about  the  bronchial  tubes, 
the  whole  forming  the  lobular  areas  of  consolidation  (Fig.  385).     This 


Fia.  383.— Bsohcho-Phbuhohu  in  «  Cbild. 

The  uctiDo  tbovn  ■  siogle  lobular  KtBii  of  ooDSDlidstion  with  ita  bnmcbua  whOH  lliioksu«d  wall 
meiges  witb  the  sumnindinc  >one  of  eiijd&tJve  paeumoaia. 

involvement  of  the  bronchial  wall  in  inflammation  with  a  direct  exten- 
sion of  the  process  to  the  surrounding  lung  tissue  has  been  urged  especially 
by  Delaiield  as  the  process  to  which  the  term  broncho-pneumonta  should 
be  par  excellence  applied. 

Between  the  consolidated  areas  there  may  be  atelectasis  of  lung  tissue 
from  the  occlusion  of  the  smaller  bronchi 
with  exudate.  When  the  consolidated 
areas  are  situated  at  the  surface  of  the 
lungs,  fibrinous  pleuritis  may  be  present 
over  the  affected  regions. 

This  form  of  broncho-pneumonia  ia 
frequent  in  children,  sometimes  as  an 
independent  process,  but  often  associat«d 
with  or  following  diphtheria,  scarlatina, 
measles,  etc.  It  occurs  also  in  adults, 
either  as  a  complication  of  infectious 
diseases  such  as  typhoid  fever,  smallpox, 
influenza,  etc.,  or  as  a  primary  process. 
_  It  may  occur  in  the  aged  or  in  those 

cut.         enfeebled  by  chronic  wasting  diseases. 

Besolution  may  take  place  in  the 
areas  of  broncho-pneumonia  by  processes  of  cell  degeneration  and 
absorption  identical  with  those  through  which  restoration  is  secured  in 
lobar  pneumonia.  If,  however,  resolution  in  broncho-pneumonia  do  not 
presently  take  place,  and  the  lesion  persist,  dense  connective  tissue  is 


THE    RESPIRATORY   SYSTEM  611 

apt  to  form  about  the  bronchi  and  in  the  interstitial  tissue  of  the  lungs, 
which  may  lead  to  induration  and  distortion  of  the  organs,  atelectasis, 
chronic  bronchitis  with  dilatation  of  the  bronchi,  etc.  A  photograph 
of  a  section  of  such  a  chronic  or  "persistent"  broncho-pneumonia  is 
reproduced  in  Fig.  386, 

Other  Forms  of  Lobular  and  Broncho-Pneumonia. — There  are  forms 
or  types  of  lobular  pneumonia  in  which  serum  and  epithelial  cells  with 
more  or  less  fibrin  and  leucocytes  collect  in  the  air  spaces  of  a  limited 


Fio.  3S6. — Bboncho-Pnbdbohi* — Child. 
Itt  ehanso  in  the  BpithBlium  of  the  bronehua;  e  purulent  «mdate  in  the  hjmen;  thkkaunc 


region  without  primary  bronchitis  and  without  involvement  of  the  walls 
of  the  bronchi  and  air  spaces. 

In  one  type  of  lobular  pneumonia  and  broncho-pneumonia  the  exu- 
date may  consist  largely  of  pus  cells  which  infiltrate  the  walls  of  the  air 
spaces  and  bronchi  as  well  as  fill  the  air  spaces  themselves.  This  type 
of  inflammation  may  be  induced  by  the  aspiration  in  feeble  persons  of 
irritating  substances  or  bacteria-containing  material  of  various  kinds, 
particles  of  food,  saliva,  etc.  This  is  called  aspiration  pneumonia  and 
may  result  in  necrotic  or  gangrenous  processes  in  the  involved  regions 
of  the  bronchi  and  lungs.  Again  there  may  be  circumscribed  areas  of 
exudative  pneumonia,  often  suppurative  in  type  and  involving  the  walls 
of  the  air  spaces,  which  originate  through  the  transportation  by  the 
blood-vessels  of  various  forms  of  bacteria,  especially  the  Streptococcus 
and  Staphylococcus  pyogenes,  as  in  pysemia;  this  is  called  lobular  pneu- 
monia of  hematogenous  origin,  or  pycemic  or  septic  pneumonia.  Thus, 
abaceasea  of  the  lungs  may  be  formed. 

In  the  lobular  pneumonia  of  bubonic  plague  the  exudate  is  said  to 


612  THE    RESPIRATORY   SYSTEM 

contain  few  leucocytes  and  epithelial  cells,  and  to  consist  largely  of  blood 
and  plague  bacilli.' 

In  the  aged  or  those  long  in  bed  in  an  enfeebled  condition,  hyperaemia 
and  cedema  with  more  or  less  exudate,  usually  epithelial  in  character, 
may  develop  in  the  dependent  posterior  portions  of  the  lungs — hypo- 
static congestion  and  hypostatic  pneumonia. 

There  ie  a  peculiar  and  rare  form  of  broncho-pneumonia  associated 
with  necrosis  in  which  forms  of  streptothrix  have  been  isolated  which 
are  undoubtedly  the  excitants  of  the  disease.'  Actinomyces  is  also  an 
occasional  excitant  of  broncho-pneumonia. 


In  all  these  forms  of  lobular  pneumonia  tedema  and  atelectasis  of 
uninvolved  portions  of  the  lung  may  occur.' 

It  is  evident  that  in  lobular  pneumonia  the  infectious  agent  may  reach 
the  lunge  either  through  the  air  passages  or  through  the  blood-  or  lymph- 
vessels,  and  that  differences  in  the  portals  of  entry  as  well  ae  in  the 
nature  and  virulence  of  the  excitant  and  the  susceptibility  of  the  indi- 
vidual have  an  important  bearing  both  upon  the  course  of  the  disease 
and  the  morphology  of  the  lesion. 
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The  Excitants  of  Lobular  and  Broncho-Pneumonia. — The  exci- 
taots  of  broncho-pneumonia  and  other  types  of  lobular  pneumonia  are 
most  frequently  Streptococcus  pyogenes  (Fig.  387),  the  pneumococcus, 
Staphylococcus  pyogenes,  the  typhoid,  diphtheria,  influenza,  and 
plague  bacilli,  and  the  pneumobacillus  of  Friedlander;  the  streptothrix, 
above  mentioned,  and  other  bacteria  have  been  occasionally  found.' 
Pathogenic  moulds  may  be  excitants  of  acute  forms  of  lobular  pulmonary 
inflammation. 


Fio.  387.— Am  ViaiciJ!  m  Bhoncho-Pneuiionia  with  Sthkitdcoci 

fonn  the  scanty  exudate. 

ibrsnous  inaam- 

It  will  thus  be  seen  that  while  it  is  convenient  to  group  the  exudative 
forms  of  pulmonary  inflammation  on  the  basis  of  distinctions  which  are 
in  part  morphological,  in  part  etiological,  the  types  in  fact  frequently 
merge  or  concur.  This  should  not  lead  to  confusion  if  we  remember 
that  these  are  infectious  diseases  whose  most  conspicuous  lesion  is  located 
in  the  lungs,  and  that  they  are  not  species  in  the  natural-history  sense, 
for  which  fixed  and  definite  characters  must  be  established,  but  that  the 
groups  only  indicate  various  forms  and  phases  of  response  of  a  living 
organ  in  various  conditions  of  susceptibility  to  the  damage  inflicted  by 
one  or  another,  and  not  infrequently  by  two  or  more  combined  forms  of 
micro-organisms.  These  pneumonias  are  not  considered  among  the 
infectious  diseases  where  they  logically  belong,  partly  because  there  are 
practical  advantages  in  grouping  pulmonary  lesions  together  and  partly 
because  our  knowledge  of  the  relative  frequency  and  significance  of  the 
bacterial  excitants  of  the  various  types  is  still  in  many  cases  too  incom- 

'  For  B  study  of  the  baclenology  of  lobular  pneumonia,  specially  in  adults,  see  Bltimer.  Albany 
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plete  to  permit  the  establishment  of  a  distinctive  and  clearly  defined 
form  of  infection.' 

Interstitial  Pneumonia. 

This  name  is  given  to  a  chronic  productive  inflammation,  which 
involves  the  connective-tissue  framework  of  the  lung  and  the  walls  of  the 


With  emphyKDA.     The  walla  o 

air  spaces,  and  results  in  the  formation  of  new  connective  tissue  and  the 
obliteration  of  the  air  spaces  (Fig.  388). 

Such  an  interstitial  pneumonia  may  follow  acute  lobar  pneumonia 
with  the  production  of  new  intra-alveolar  connective  tissue,  broncho- 
pneumonia, chronic  pleurisy,  chronic  bronchitis,  and  atelectasis,  or  may 

'  For  B  study  of  uperimentBl  coolinc  of  the  body  which  may  induce  changea  in  the  blood,  prediapoa- 
in«  lo  infeotion  with  the  pnaumococcua,  lee  Rtintbolh  end  KoliUiardl,  Deut.  Arch.  f.  klin.  Med.,  Bd. 
Ixv.,  p.  102,  1900.  For  a  study  o!  the  effects  of  cooLinc  in  (cneral  u  a  predisponent  to  infection,  KB 
Lode.  Arch.  f.  Hyejene.  Bd.  mviii,.  p.  344,  1897;  also  KiitkaU,  ibid.,  Bd.  luii.,  p.  142,  1001,  tdbl. 

For  B  atudy  of  the  portAb  of  entty  in  lunfc  iofectiou,  with  epecial  t^stvnat  to  the  pLeuim,  see  Orvbtr, 
Deutaeh.  Arch.  t.  klin.  Med.,  Bd.  Ixviii..  p.  299.  1900.  bibl. 

"J  pneumonin,  see  Wadttcorih,  Jour,  Eiper. 

_    _  j  for  study  of  lesionB  produced  by  bronchial 

iDBunation  of  streplococel  see  IFoUtfnn  and  jU eUfcr.  Jour.  Expei.  Med.,  1S13.  iviii,  548. 

CoucenitDE  circulaloiy  cbangn  in  the  lunca  under  various  pathological  conditiona  Me  nfereoc* 
to  Ciur,  p.  695. 
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be  induced  by  the  inhalation  of  the  dust  of  coal,  stone,  or  other  inor- 
ganic substances.  Diffuse  interstitial  pneumonia  may  occur  in  syphilis. 
The  topography  of  the  lesion  varies  considerably  in  the  different  con- 
ditions under  which  the  new  tissue  growth  occurs.  If  it  follow  acute 
lobar  pneumonia,  one  lobe  or  the  whole  of  one  lung  may  be  involved  and 
covered  with  pleuritic  adhesions.  The  lobe  or  the  lung  is  small,  smooth 
on  section,  and  firm  in  texture.  The  air  spaces  and  small  bronchi  may 
be  largely  obliterated  by  the  new  connective  tissue.  If  it  follow  broncho- 
pneumonia, one  or  more  lobes  are  studded  with  fibrous  nodules,  which 
correspond  to  the  affected  bronchi  and  the  associated  lung  territory;  or 
a  large  part  of  a  lobe  is  converted  into  dense  fibrous  tissue;  the  pleura 
may  be  thickened;  there  may  be  chronic  bronchitis  and  bronchiectasia. 


RiviRaiOH  OF  Efttbeudh  in 

If  interstitial  pneumonia  be  associated  with  thickening  of  the  pleura, 
bands  of  connective  tissue  extend  from  the  pleura  into  the  lung,  the 
bronchi  are  inflamed  and  often  dilated.  When  associated  with  chronic 
bronchitis  there  are  fibrous  nodules  around  the  bronchi,  with  more  or 
less  diffuse  connective  tissue. 

The  changes  in  interstitial  pneumonia  may  occur  by  a  slow  hyperpla- 
sia of  the  fibrous  tissue  or  by  the  formation  of  granulation  tissue,  which 
gradually  becomes  denser  with  contraction.  Although  this  process  is 
primary  in  the  interstitial  tissue,  exudates  are  often  present  in  the  air 
spaces;  atelectasis  may  occur,  while  emphysema  and  bronchiectasia  are 
common. 

Sometimes  a  noteworthy  change  occurs  in  the  epithelium  lining  air 
vesicles  which  have  been  cut  off  from  their  neighbors  by  the  new  fibrous 
tissue.  The  epithelial  cells  increase  in  number,  become  thicker,  and 
finally  the  small  or  distorted  cavities  may  be  lined  with  a  complete 
investment  of  cuboidal  cells  (Fig.  389) .  This  reversion  of  the  epithelium 
of  the  air  vesicles  to  a  less  differentiated  type  occurs  in  many  chronic 
processes  in  the  lungs. 

Rgmentation  of  the  Lung. — The;inhalation  of  dust  and  smoke  is  so 
continuous  among  those  who  live  much  indoors  that  the  lungs  of  nearly 
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all  persons  from  the  earliest  years  are  more  or  less  pigmented.  The  for- 
eign particles  which  get  into  the  deeper  recesses  of  the  lunge  are  in  part 
taken  up  by  the  epithelium  of  the  air  spaces,  in  part  are  carried  by 
phagocytes  or  otherwise  to  the  interstitial  tissue  of  the  lungs  (Fig.  390). 
Here,  either  within  cells  or  without,  they  are  deposited  along  and  within 
the  lymph  channels  or  in  the  lymph-nodules  of  the  pleura  and  interstitial 


Sbowins  pigmeat  beaeaUi  the  thicl 


tissue  {Fig.  391),  or  they  may  be  carried  to  the  lymph-nodes  at  the  root 
of  the  lungs.  Rarely,  this  inhaled  dust  passes  the  tracheal  and  bron- 
chial lymph-nodes  and  may  bo  deposited  in  the  viscera,  especially  in  the 
liver  and  spleen. 

Under  ordinary  conditions  a  moderate  deposit  of  inhaled  pigment 
particles  in  the  lungs  does  not  seem  to  be  of  great  significance,  but  it  does 
lead,  if  present  in  amounts  as  large  as  are  frequently  found  in  the  air 
of  many  private  houses,  stores,  factories,  theatres,  and  other  places  of 
public  assembly,  to  obliteration  of  lymph-channels  and  conversion  of 
lymph-nodes  into  masses  of  pigmented  fibrous  tissue  and  in  this  way 
there  is  little  doubt  that  it  may  predispose  to  more  serious  lesions.' 
On  the  other  hand,  miners  and  others  working  or  confined  in  smoky 
air,  stone  or  metal  workers,  and  the  like,  are  liable  to  excessive  pig- 
mentation and  to  develop  interstitial  pneumonia,  especially  marked  at 
first  along  the  interlobular  septa  and  frequently  associated  with  chronic 
bronchitis,  emphysema,  atelectasis,  or  bronchiectasia.  This  condition  of 
the  lung  when  due  to  the  inhalation  of  coal  dust  is  called  anlhracosis; 
when  due  to  dust  of  various  minerals,  chalicosis;  when  due  to  iron  dust, 
siderosis.'  The  general  process  has  been  called  ■pneumokoniosis.  The 
color  varies  in  these  lungs  with  the  character  and  amount  of  the  deposited 
material,  which  is  frequently  quite  unevenly  distributed.  The  amount 
of  foreign  material  in  such  lungs  is  sometimes  large.' 
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TuBEilcuLOus  Pneumonia. 

General  Consideratioiis. — Tuberculous  inflammation  of  the  lungs  is 
similar  in  nature  to  tuberculous  inflammation  in  other  parts  of  the  body. 
But  since  the  morphological  features  of  the  response  of  a  tissue  to  injury 
are  largely  dependent  upon  the  form  and  capacities  of  its  cells,  it  is  not 
surprising  that  in  such  complex  organs  as  the  lungs,  the  lesions  of  tuber- 
culosis should  present  many  variations  from  the  usual  type  elsewhere. 
The  bronchial  passages  and  the  connecting  air  spaces,  the  numerous 
blood-  and  lymph-channels,  especially  favor  the  distribution  of  the 
tubercle  bacillus  within  these  organs;  the  open  texture  of  the  lungs  per- 
mits, as  in  other  forms  of  pneumonia,  of  great  accumulation  of  exudate, 
while  the  delicacy  and  thinness  of  the  air  chambers  favor  extensive 
disintegration  of  the  old  or  new-formed  tissues  or  exudates  when  these 
have  become  necrotic  under  the  influence  of  the  poisons  of  the  tubercle 
bacilli. 

Thus  the  variety  of  cells  and  tissues  involved  and  their  peculiar  rela- 
tionships to  one  another  and  to  the  invading  organisms  render  the  lesions 
of  pulmonary  tuberculosis  more  complex  in  morphology  than  are  tuber- 
culous lesions  in  any  other  part  of  the  body. 

The  classification  of  these  lesions  is  largely  based  upon  topographic 
considerations  and  is  not  to  be  regarded  as  indicating  fundamental  differ- 
ences in  the  reaction  of  the  tissues. 

Portals  of  Entry. — Tubercle  bacilli  may  enter  the  lungs  either  through 
the  blood-  and  lymph-vessels,  being  brought  from  a  focus  of  tuberculous 
inflammation  in  another  part  of  the  body,  or,  as  is  frequently  the  case, 
they  are  introduced  through  the  air  passages  by  the  inhalation  of  floating 
dust  particles,  among  which  are  living  tubercle  bacilli.  There  is  evidence 
that  tubercle  bacilli  may  enter  the  body  through  the  nasal  and  buccal 
mucosa  or  the  tonsils  or  through  gastro-intestinal  mucous  membrane 
without  the  development  of  tuberculous  lesions  at  the  point  of  entry.* 

Reaction  of  Tissue. — The  introduction  of  tubercle  bacilli  into  the 
lungs  may  induce  an  exudative  inflammation  with  the  accumulation  of 
fibrin,  leucocytes,  and  exfoliated  epithelium  in  the  air  spaces;  a  produc- 
tive inflammation  with  the  growth  of  epithelial  cells,  or  of  round-celled 
tissue,  or  of  a  tissue  composed  of  basement  substance,  large  and  small 
cells,  and  giant  cells  called  tubercle  tissue  (see  p.  252) ;  or  there  may  be 
added  necrosis  of  the  new  tissue  and  of  portions  of  the  lung.  All  of  these 
phases  of  tuberculous  lesions  may  and  usually  do  occur  together. 

The  character  of  the  inflammation  in  each  case  seems  to  be  governed 
by  the  type  of  cells  especially  involved,  by  the  number,  virulence,  and 
proliferative  capacity  of  bacilli  which  are  introduced  into  the  lungs,  and 
the  way  in  which  these  enter,  as  well  as  by  the  susceptibility  of  the  indi- 
vidual. If  a  large  number  of  virulent  tubercle  bacilli  be  inhaled  or 
aspirated  through  the  bronchi,  or  if  the  bacilli  grow  with  great  rapidity, 

*  For  a  discussion  of  the  sources  and  portals  of  entry  of  the  tubercle  bacillus  see  p.  264. 
For  a  study  of  tubercle  bacillus  in  the  blood  in  pulmonary  tuberculosis  see  LUdke^  Wianer  klin. 
Woch.,  p.  949,  1906.     See  also  ref.  Anderson,  p.  264. 


THE    RESPIRATORY   SYSTEM  619 

both  productive  and  exudative  inflammations  may  be  set  up  in  a  consid- 
erable portion  of  the  lungs.  If,  on  the  other  hand,  but  few  bacilli  enter 
and  their  proliferation  or  virulence  be  not  extreme,  or  if  these  find  their 
way  in  small  numbers  into  the  lungs  through  the  blood-vessels  or  lym- 
phatics, then  there  may  be  small  foci  of  productive  inflammation  with 
but  little  exudation.  The  tuberculous  alterations  in  the  lungs  are  usually 
accompanied  or  followed  by  a  series  of  secondary  processes  which  often 
complicate  the  condition  of  the  patient  as  well  as  the  morphological 
appearances  of  the  organs.  The  obliteration  or  destruction  of  the 
smaller  blood-vessels  of  the  lungs  in  the  tuberculous  areas  contributes  to 
the  gray  or  whitish  appearance  of  the  lesions,  due  largely  to  new-formed 
tissue  or  accumulated  exudate.  The  formation  of  fibrous  tissue  in  the 
attempts  at  repair  of  the  damage  wrought  by  the  tubercle  bacillus  often 
dominates  the  structural  picture. 

Classifications. — ^The  traditional  distinctions  between  acute  and 
chronic  forms  of  pulmonary  tuberculosis  are  often  morphologically  not 
at  all  well  defined  and  are  of  value  chiefly  for  clinical  purposes. 

It  has  been  customary  to  set  apart  those  forms  of  acute  tuberculosis 
of  the  lungs  in  which  the  lesions  are  in  the  form  of  small  discrete  so- 
called  "miliary"  foci,  calling  the  condition  Acute  Miliary  Tvbercvlosis. 
The  other  tuberculous  lesions  involving  in  varying  degree  the  lungs  and 
the  bronchi  with  associated  and  often  extensive  exudative  necrotic  and 
reparative  processes  have  been  commonly  jumbled  together  as  Acute  and 
Chronic  Phthisis^  many  phases  of  which  have  been  elaborately  described 
as  if  they  were  the  expression  of  independent  processes. 

With  our  present  knowledge  of  the  nature  and  etiology  of  tuberculosis 
it  seems  better  to  let  the  word  phthisis  fall  into  disuse  as  speedily  as 
possible,  and  to  consider  under  more  exact  and  significant  designations 
such  phases  of  pulmonary  tuberculosis  as  the  morphological  characters 
of  the  lesions  justify.  We  shall  review  the  lesions  of  pulmonary  tuber- 
culosis then  under  the  following  primary  headings: 

1.  Focal  or  miliary  tuberculosis. 

2.  Tuberculous  broncho-pneumonia. 

3.  Complex  forms  of  nodular  and  diffuse  tuberculous  lesions. 

4.  The  formation  of  cavities. 

5.  Secondary  lesions  in  pulmonary  tuberculosis. 

6.  Concurrent  infection. 

Focal  Tuberculosis.     {Miliary  Tuberculosis). 

Acute  Miliary  Tuberculosis. — The  rapid  and  widespread  development 
of  miliary  tubercles  in  the  lungs  is  often  a  part  of  general  tuberculosis, 
although  the  lesion  may  be  most  extensive  in  the  lungs.  Both  lungs  are 
apt  to  be  involved,  but  the  distribution,  number,  size,  and  character  of 
the  miliary  tubercles  differ  in  different  cases.  The  tubercles  are  found 
in  the  parenchyma  of  the  lung,  in  the  connective  tissue  forming  the 
septa,  along  and  in  the  walls  of  the  bronchi  and  blood-vessels,  and  in  the 
pulmonary  pleura.     They  may  be  scattered  singly  through  the  lungs 
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(Plate  IV.),  or  aggregated  in  groups  (Plate  VI.  and  VII.).  They  may 
be  separated  by  considerable  interspaces,  or  so  close  together  that  the 
lung  is  rendered  nearly  solid.  Some  are  so  small  and  transparent  that 
they  can  hardly  be  seen  with  the  naked  eye;  others  are  larger  and  more 
opaque  and  may  have;a  lighter  centre  marking  the  area  of  necrosis. 

In  many  cases  it  is  evident  that  the  lungs  are  infected  through  the 
blood-vessels  or  the  lymphatics,  for  the  general  tuberculous  infection 
is  secondary  to  a  locajized  tuberculosis  either  in  the  lungs  or  in  some 
other  part  of  the  body.     In  a  considerable  proportion  of  eases  of  miliary 


Tbia  tubercle  hu  replaced  uveral  air  veaicle*  nhoee  wbUi  are  obUlcrated.  In  the  oeotre  is  an 
aim  of  coaculstkni  necrais;  outaide  of  this  is  a  tone  of  organized  tubercle  tisaue;  the  sunoundlos  air 
veaiclei  eontain  a  cellubr  exudate. 

tuberculosis  of  the  lungs,  tuberculous  lesions  of  the  bronchial  lymph- 
nodes  or  of  the  lung  tissue  at  the  apex  of  much  longer  standing  indicate 
the  probable  immediate  source  of  origin  of  the  widely  distributed  tubercle 
bacilli.  Very  often  in  miliary  tuberculosis  of  the  lungs  the  tubercles  in 
one  part  of  the  lungs  are  larger  and  appear  to  be  older  than  those  in 
other  parts.  Thus  it  is  not  infrequent  to  find  the  tubercles  in  the  upper 
portion  of  the  lungs  more  abundant,  larger,  and  more  fibrous  than  in  the 
lower  lobes  (see  Plate  VII.).  It  is  in  fact  probable  that  in  many  eases 
of  acute  miliary  tuberculosis  of  the  lung,  either  associated  or  not  with 
older  local  tuberculous  lesions  from  which  the  distribution  of  bacilli  may 
have  taken  place,  the  generalization  has  not  occurred  at  once,  but  by 
successive  fresh  infections.* 

:h  Bud  Oat«rtas'i  "Erieb- 


Pathology — Delafield  and  Prudden. 


Miliary  Tuberculosis  (Acute)  of  the  Lung. 

The  miliarj-  tubercles,  small  and  irregulflr  in  shape,  are  distributed 
throuKhout  the  lung — more  abundantly  in  the  upper  and  middle  thirds. 

The  blood-vessels  are  injected  with  blue  gelatin,  so  that  in  this 
photographic  reproduction  of  the  apecimen  ttie  uninvolved  portions  of 
tlie  lunR  are  dark,  while  the  tuberclea — in  which  the  blood-vessela  are 
compressed  or  obliterated — are  light. 
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Miliary  tubercles  in  the  lungs  are  in  structure  essentially  similar  to 
those  formed  elsewhere  in  the  body,  except  that  the  filling  of  the  air 
spaces  with  exudate  makes  the  lesion  somewhat  more  complex. 

The  tubercles  may  be  composed  of  small  spheroidal  cells  or  of  larger 
polyhedral  cells  with  more  or  less  fibrous  stroma,  or  of  small  and  large 
cells  and  stroma.     Giant  ceils  may  be  present,  coagulation  necrosis  is 


Fio.  393— A  Miu 


usual  (Fig.  148,  p.  254).  Such  forms  of  miliary  tubercles  may  be  and 
commonly  are  associated  with  the  presence  of  an  exudate  in  the  adjacent 
or  involved  air  vesicles  (Fig.  392).  This  exudate  may  be  largely  made 
up  of  exfoliated  epithelial  cells  which  have  proliferated;  or  with  these 
there  may  be  serum,  leucocytes,  and  fibrin.  The  blood-vessels  within 
the  tubercles  which  replace  the  lung  tissue  are  partially  or  wholly  oblit- 
erated (Fig.  393). 

But  the  miliary  foci  of  tuberculous  inflammation  in  the  lungs  may 
consist  wholly  of  inflammatory  exudate  which  early  becomes  necrotic, 
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often  with  necrosis  of  the  walla  of  the  involved  air  spaces.  Such  tuber- 
cles of  the  exudative  type  are  apt  to  occur  in  children  and  usually  con- 
tain large  numbers  of  tubercle  bacilli.  They  may  occur  in  connection 
with  various  other  phases  of  acute  and  chronic  pulmonary  tuberculosis. 

When  miliary  tubercles  are  situated  in  the  parenchyma  of  the  lung 
the  walla  of  the  air  spaces  may  be  visible  in  the  new  growth  or  they 
may  be  largely  or  wholly  obliterated  (Fig.  394). 

In  the  obliteration  of  the  walls  of  the  air  vesicles,  their  former  situa- 
tion may  be  indicated  by  structureless  bands  or  streaks  of  necrotic 
material,  or  they  may  disappear  altogether. 


Fio.  394. — A  MiuABi  Tubercle  or  the  Luno. 
Tbis  tubercle  ia  largsly  uweoua,  the  mlla  of  the  involved  air  veaielee  beiof  merely  mdicated  in 
ifl  dead  mss  by  slicbtly  stained  Btreslm  or  bandi.     There  ia  cellular  exudate  in  tfae  Burtouuding  air 


Chronic  and  "Healed"  Miliary  Tubercles. — The  small  foci  of  tubercu- 
lous inflammation  which  are  called  miliary  tubercles  may,  as  we  shall 
see  later,  extend  and  coalesce  so  that  with  more  or  less  exudative  pneu- 
monia large  areas  of  the  lung  may  become  consolidated,  thus  developing 
one  of  the  forms  of  pulmonary  tuberculosis  called  phthisis. 

On  the  other  hand,  small  tuberculous  foci  in  the  lungs  may  with  or 
without  extensive  necrosis  become  surrounded  by  or  converted  into 
masses  of  dense  fibrous  tissue.  These  fibrous-tissue  masses,  which  are 
often  called  "  healed  tubercles  "  (Figs.  395  and  396) ,  may  contain  necrotic 
material,  are  often  mottled  black  from  anthracotic  pigment,  or  they  may 
be  calcified  at  the  centre.  Tubercle  bacilli  may  be  absent  from  them,  or 
the  bacilli  may  remain  alive  within  them  for  a  long  time  quiescent  but, 
as  Lartigau  and  others  have  shown,  still  virulent.  When  such  circum- 
scribed masses  of  more  or  less  fibrous  tubercle  tissue  are  scattered 
through  the  lungs,  although  the  individual  masses  may  be  of  considerable 
size,  the  process  is  sometimes  called  "chronic  miliary  tvherctdosis." 
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Ro.  305. — Ah  Old  FiBHODs  Tcbebclb  or  th«  Ldno— "Hbaixd  Tobibole 
Tba  oanlial  portion  ia  necratio  BDd  irregularly  pigm«at«d.     The  periphery  ii  oompoi 


BOHB    TDBIKCU "HlALID    TnBERCLl"    or  THE    Ldnq. 

roua  tiaaue  surrsundiag  this  is  dense,  the  valla  of  the  suri 
re  thickened.     A  giuit  cell  at  the  ri(ht  is  calcified. 
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It  should  be  remembered  that  the  new  fibrous  tissue  which  forms  in 
and  about  miliary  tubercles,  aa  well  as  other  tuberculous  lesions,  is  the 
result  of  a  distinctly  reparative  process  in  which  the  already  formed 
tubercle  tissue  or  its  products  apparently  act  somewhat  as  foreign  bodies 
may  in  inducing  fibrous-tissue  growth. 

Tuberculous  Bhoncho-Pneumonia. 

Ib  another  most  important  phase  of  tuberculous  inflammation  of  the 
lung  there  is  an  involvement  of  the  walls  of  the  smaller  bronchi  and  the 
associated  groups  of  air  spaces.  This  may  occur  through  inhalation  of 
bacilli  or  by  their  aspiration  from  an  established  tuberculous  focus;  for 


Fia.  397. — TuBDRcuLODS  Ihfumhatioh  or  the  Luno  with  Cbebbt  DiaKNBKiknoN  «bout  thb 
Bbokcbi  in  a  SiHOLU  Lobule  or  the  Ldno — Tubebculous  BBONCHO-PNEnMOHU. 

example,  from  a  lesion  at  the  apex,  or,  as  is  often  the  case  in  children, 
from  tuberculous  bronchial  lymph-nodes;  or  infection  may  take  place 
through  the  blood-  or  lymph-vessels.  In  the  early  stages  of  tuberculous 
broncho-pneumonia  the  cut  surface  of  the  fresh  lung  may  present  small 
gray  or  yellowish  white  areas  of  consolidation  with  necrosis  clustered 
about  the  small  or  terminal  bronchi  (Plate  V.).  The  process  is  at  first 
largely  exudative,  involving  a  catarrhal  and  necrotic  inflammation  of  the 
mucous  membrane  of  the  bronchus  with  more  or  leas  exudate — which  also 
may  soon  become  necrotic — in  the  associated  groups  of  air  spaces  (Fig. 
397),     Sometimes  organized  tubercle  tissue  may  form  in  the  walls  of 


Pathology — Delafield  and  Frudden.  Pl.4.te  \'. 


Tuberculous  Broncho-PDeumonia. 

TKe  walls  of  the  emfiller  bronchi  are  involved,  being  thickened  &nd 
CBseoue,  while  the  ulceration  of  many  of  them  has  led  to  the  formation 
of  numerous  small  cavities. 

The  blood-veaaelB  are  injected  with  blue  gelatin,  so  that  the  less 
affected  and  the  intact  parts  of  the  lungs  are  the  darker. 
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,  Fio.  398.— Tdbirculodb  BaoHCHO-PHBinioMii 

The  w«11»  of  (be  bnmebi  are  thickened  and  camous  and  are  BurnHmiled  by  tones  of  eiudatiire  and 
Hoiu  pneiudonia.  This  cut  abows  a  small  re(kiii,  more  bit[h[y  maKnifisd,  o[  a  leaion  Anilac  to  Uiat 
own  in  Phte  V. 
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the  bronchi,  with  thickening  of  the  walls  and  obliteration  of  the  blood- 
vessels of  the  adjacent  air  Bpaces, 

By  the  extension  of  the  process  from  one  and  another  affected  bron- 
chus, and  the  coalescence  of  these,  lai^e  areas  of  the  lungs  may  become 
involved.  In  this  more  advanced  stage  of  broncho-pneumonia  the  larger 
and  smaller  consolidated  areas  may  be  dark  red  with  firmer  gray  or  yel- 
lowish gray  central  portions,  in  which  the  blood-vessels  are  obliterated, 
or  the  whole  area  may  be  solid  and  in  the  fresh  lung  grayish  white.  This 
new-formed  tissue  may  undergo  necrosis  and  ulceration  so  that  with  an 
advancing  consolidation  of  the  lung  tissue  about  the  bronchi  numerous 


larger  and  smaller,  rough,  irregular  cavities  may  be  formed  (Fig.  398). 
The  walls  of  the  larger  bronchi  also  may  become  the  seat  of  a  tubercu- 
lous inflammation  with  more  or  less  necrosis  (Fig.  399).  Ulceration 
of  these  necrotic  bronchial  walls  may  lead  to  the  formation  of  ragged 
cavities  (Plate  IX.  and  Fig.  400). 

The  secondary  development  of  dense  fibrous  tissue  in  connection  with 
tuberculous  broncho-pneumonia  is  a  marked  feature  of  the  persistent  or 
chronic  forms.  Tuberculous  broncho-pneumonia  is  one  of  the  most 
important  of  that  complex  of  pulmonary  lesions  called  phthisis,  and  is 
commonly  associated  with  other  forms  of  tuberculous  involvement  of  the 
organ — miliary  tubercles,  larger  areas  of  consolidation,  etc. 


Pathology — Delafield  and  Prudden. 


Miliary  Tubercles  and  Tuberculous  Broncho-Pneumonia  with 
Diffuse  (Chronic)  Tuberculous  Lesions  in  the  Apex. 
There  ia  in  the  apex  tuberculous  consolidation  with  coa^latlon 
nerrosis  (caseation),  new  fibrous  tixsuc,  and  a  small  cavity.    The  middle 
thiid  of  the  lunp  contains  many  small  single  and  clustered  miliary  tuber- 
rles  and  foci  of  tuberculous  broncho-pntiumonia.     The  lower  third  con- 
tains a  few  similar  small  tuberculous  foci,  also  scattered  and  in  clusters. 
The  appearance  of  the  lung  leads  to  the  conjecture  that  tubercle 
bacilli  may  have  been  ffradually  disseminated  from  the  earlier  lesion  in 
the  apex.     The  blood-vessels  are  injected  with  blue. 
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Complex  Forms  op  Nodular  and  Diffuse  Tuberculous  Lesions. 

(PtUhisis.) 

With  or  without  the  various  well-defined  forms  of  tuberculous  bron- 
cho-pneumonia and  miliary  tubercles  above  described,  there  may  be 
more  or  less  circumscribed  small  or  large  areas  of  productive  and  exuda- 
tive tuberculous  inflammation  of  the  lung  with  necrosis,  both  <)f  the  lung 
tissue,  the  new-formed  tissue,  and  the  exudate  (Plate  XII.).  These  may 
develop  as  the  result  of  fresh  infections  of  the  lung  through  the  lym- 
phatics or  otherwise.  These  areas  or  nodules  may  coalesce  so  that  whole 
lobes  or  parts  of  lobes  of  the  lungs  may  become  consolidated  (Plates  VII. 
and  VIII.).  Microscopically,  these  consolidated  areas  may  be  composed 
of  tubercle  tissue  more  or  less  necrotic,  with  partial  or  total  obliteration 
of  the  walls  of  the  air  spaces.  On  the  other  hand,  when  the  process  has 
been  exudative  as  well  as  productive  in  character,  one  may  see  in  the  solid 
areas  the  outlines  of  the  air  vesicles  and  larger  spaces;  but  these,  to- 
gether with  the  enclosed  exudate,  may  be  necrotic  and  granular  with 
few  stained  nuclei  and  fragments  of  chromatin.  Much  of  the  exudate 
which  fills  the  air  vesicles  either  within  or  about  these  more  densely  con- 
solidated areas  may  not  be  caseous  or  necrotic,  but  may  consist  of  well- 
preserved  or  fatty  epithelial  cells,  or  of  these  with  varying  quantities 
of  leucocytes  and  fibrin. 

Aside  from  these  complex  forms  of  nodular  and  diffuse  tuberculous 
lesions  one  may  recognize  a  Diffuse  Ezudatiye  Tuberculous  Inflammation 
of  the  Lungs  of  Acute  and  of  Chronic  Tjrpe. — Cheesy  Pneumonia ;  Pneu- 
monic Phthisis. 

1.  Acute  Type. — Sometimes  large  areas  or  whole  lobes  or  the  whole 
lung  may  be  the  seat  of  an  exudative  process  by  which  the  affected  region 
becomes  solidified,  the  exudate  consisting  of  epithelium  with  more  or  less 
fibrin  and  pus.  This  exudate,  together  with  the  lung  tissue,  soon  under- 
goes necrosis,  so  that  the  solidified  lung  becomes  dense,  mottled,  and 
gray  in  color.  Extensive  disintegration  (Fig.  401)  of  the  consolidated 
and  necrotic  portions  of  the  lung  may  take  place,  with  the  formation  of 
large  ragged  cavities  (see  Plate  X.).  In  many  cases  enormous  numbers 
of  tubercle  bacilli  are  present  in  the  exudate  of  the  involved  region  in 
this  type  of  exudative  and  necrotic  pulmonary  tuberculosis. 

2.  Chronic  Type. — There  may  be  a  more  gradual  development  of 
the  exudate,  involving  larger  or  smaller  areas,  often  with  tuberculous 
thickening  and  necrosis  of  the  walls  of  the  air  spaces.  With  this  as  with 
other  forms  of  pulmonary  tuberculosis  there  may  be  associated  a  growth 
of  simple  fibrous  tissue  with  the  formation  of  cavities. 

Not  infrequently  the  exudate  in  such  forms  of  diffuse  tuberculous 
inflammation  of  the  lung  is  less  cellular  and  more  serous  or  sero-fibrinous 
in  character,  when  the  appearance  of  the  consolidated  region  is  trans- 
lucent and  gelatinous. 

Obliteration  of  the  larger  blood-vessels  by  thrombosis  or  inflamma- 
tion of  the  wall  often  plays  an  important  part  in  most  forms  of  tubercu- 
lous lesions  of  the  lungs.     When  large  trunks  are  involved,  large  lung 
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areas,  supplied  by  the  occluded  vessels,  particularly  those  in  which  exu- 
date is  present,  may  become  necrotic  en  masse,  then  often  appearing  on 
section  smooth,  shining,  grayish-white  in  color,  and  bloodless. 


';    WITH    E;(T«NaiVB    DlSIHTEOHATTOH    At 

The  pleura  is  much  thiol 


The  Formation  of  Cavities  in  Pulmonary  Tuberculosis. 

We  have  seen  that  in  tuberculous  broncho-pneumonia  ragged  cavities 
may  form  by  a  progressive  necrosis  and  disintegration  of  the  thickened 
walls  of  the  affected  bronchi  and  the  adjacent  lung  tissue  (Plate  IX. 


Pathologj'— Delafield  and  Prudden. 


Plate  VII. 


Diffuse  and  Focal  (Chronic)  Pulmonarj-  Tuberculosis— 
"Chronic  Phthisis." 

In  the  upper  third  of  the  lung  there  is  tuberculous  hroncho-pnoii- 
monia  with  commencing  ulceration  of  small  bronchi:  nearly  complete 
ii>n3o1idation  from  th«  extension  and  coalescence  of  small  tuberculous 
foci  and  diffuse  formation  of  fibrous  tissue. 

In  the  lower  third  of  the  lung  are  irregular,  dense,  sharply  outline<l 
tuberculous  foci  (chronic  miliary  tubereles). 

In  the  middle  third  there  is  tubcrculouB  pneumonia  of  the  exudative 
type,  Iheincomplelely  consolidated  areas  havingberome,  in  part,  caseous. 

The  less  involved  portions  of  the  lung  in  this,  us  in  the  other  in- 
jected specimens,  are  the  darker. 
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and  Fig.  400).  Similar  destructive  alterations  may  occur  in  the  areas 
of  tuberculous  and  necrotic  tissue  which  involve  larger  and  smaller 
portions  of  whole  lobes  (Plate 
XI.).  This  is  most  often  rapid 
and  extensive  in  solidified  and 
necrotic  areas  of  the  exudative 
type  (Plate  X.  and  Fig.  401). 
These  ragged  cavities  may  com- 
municate with  one  another  as 
well  as  with  the  bronchi. 

While  at  first  without  dis- 
tinct limiting  walls,  if  the  ne- 
crotic process  be  not  too  active 
and  extensive,  new  fibrous  tis- 
sue may  gradually  form  about 
tuberculous  cavities  (Plate  XII. 
and  Fig.  402);  and  these  may 
become  lined  with  granulation 
tissue  or  a  layer  of  new-formed 
tubercle  tissue.  Here  an  enor- 
mous proliferation  of  tubercle 
bacilli  may  occur  for  long  pe- 
riods. These  may  be  cast  out 
in  the  sputum  or  aspirated  into 
other  parts  of  the  lungs.  The 
old  blood-vessels  of  the  in- 
volved portion  of  the  lung  may 
lie  upon  the  walls  or  stretch 
across  these  cavities,  sometimes 
with  obliterated  lumina,  some- 
times still  permeable;  and  from 
these  hjemorrhages  may  occur. 
There  may  be  continuous  and 
prolonged   .uppur.tion   of  the         """  S;^rp".';.L"„r;";  o''Z^°'"" 

walls  of  the  cavities  and  putre-  There  ittauebdeoBefibniuitHuibthi  upper  tobe 

f  active  processes  may  be  incited      f""?"°^i!?"';  J;;";™  the^vitk-. »  *eii «  m  u.. 

■f^  "^  .  upper  portiOD  ol  Uie  lower  lobe. 

by  the  advent  through  the  air 

passages  of  various  forms  of  bacteria.  The  walls  oF  cavities  may  become 
^brous  with  an  arrest  of  the  tuberculous  process,  and  they  may  become 
shut  oi?  from  bronchial  communication. 

Secondary  Lesions  in  Pulmonary  Tuberculosis. 

A  variety  of  secondary  processes  may  be  associated  with  the  various 
phases  of  pulmonary  tuberculosis  which  we  have  briefly  reviewed.  The 
blood-vessels  in  affected  regions  may  be  intact,  or,  as  we  have  seen,  their 
walls  may  be  involved  in  the  productive  and  necrotic  processes,  with 
thrombosis  or  obliteration  of  the  lumen;  or  more  or  less  extensive  hiemor- 
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rhages  may  occur.  If  the  consolidation  be  not  complete,  lung  tissue, 
often  in  a  condition  of  atelectasis  or  emphysema  and  with  more  or  less 
cellular  or  granular  exudate,  may  remain  between  the  tuberculous 
areas.  Miliary  tubercles  may  be  scattered  among  the  larger  consolidated 
masses  or  in  parts  of  the  lung  otherwise  free. 

In  chronic  forms  of  pulmonary  tuberculosis  the  anthracotic  pigment 
is  often  conspicuous,  particularly  in  the  cheesy  and  fibrous  areas,  stand- 
ing out  in  masses  and  streaks  in  contrast  to  the  new  or  dead  tissue. 
Furthermore,  there  may  be  associated  with  the  lung  lesions  acute 
exudative  or  chronic  fibrous  pleuritis  with  adhesions;  or  tuberculous 
pleuritis  of  varying  extent;  empyema  and  pneumothorax.  There  is 
nearly  always  more  or  less  chronic  catarrhal  bronchitis  or  broncho-pneu- 
monia and  frequently  bronchiectasia. 

Tuberculous  inflammation  in  the  bronchial  lymph-nodes  frequently 
accompanies  and  often  precedes  the  development  of  pulmonary  tuber- 
culosis. In  children  the  tuberculous  lymph-nodes  often  extend  far  into 
the  lung  and  may  on  softening  give  rise  to  cavities  at  a  considerable 
distance  from  the  hilus  of  the  lung. 

Tuberculosis  in  other  parts  of  the  body  is  common  in  connection  with 
pulmonary  tuberculosis. 

In  all  these  various  processes  new-formed  fibrous  tissue^  not  tuber- 
culous in  character,  may  develop,  variously  distorting  the  lungs  and 
sometimes  enclosing  the  tuberculous  areas.  There  is  much  reason  for 
the  belief  that  the  characteristic  so-called  tubercle-tissue  formation  in  all 
phases  of  tuberculosis  is  a  response  of  the  living  cells  to  injury,  which  as 
in  other  phases  of  inflammation  is  fundamentally  conservative  (see  p. 
107).  But  whether  this  be  so  or  not,  it  is  certain  that  it  is  through  the 
development  of  fibrous  tissue,  which  is  so  important  a  feature  in  persist- 
ent phases  of  pulmonary  tuberculosis,  that  the  delimitation  or  replace- 
ment of  tuberculous  foci,  the  encapsulation  of  tuberculous  cavities,  etc., 
occur.  While,  therefore,  fibrous-tissue  formation  in  the  lung  is  fre- 
quently associated  with  the  necrotic  and  other  destructive  tuberculous 
lesions,  and  is  often  a  very  conspicuous  factor,  it  should  be  remembered 
that  the  healing  which  takes  place  in  the  majority  of  cases  in  man  after 
moderate  infection  is  achieved  through  its  agency. 

It  is  especially  upon  the  presence  or  absence  of  fibrous  tissue  in  the 
lesions  that  the  distinction  between  acute  and  chronic  phthisis  is  based. 

It  will  be  seen  from  this  brief  outline  of  various  prominent  phases 
of  pulmonary  tuberculosis  that  the  gross  appearances  of  the  lungs  are 
most  diverse,  although  the  processes  by  which  these  changes  are  induced 
are  few  and  comparatively  simple.  While  no  two  lungs  are  quite  simi- 
lar in  the  complex  phases  of  the  lesion,  systematic  gross  and  micro- 
scopical examinations  soon  enable  the  student  to  recognize  the  type  of 
lesion  under  great  complexity  of  detail. 

The   Distribution   of  the   Lesions  in  Pulmonary  Tuberculosis. 

Aside  from  general  miliary  tuberculosis  in  which  the  tubercles  are 
widely  distributed  throughout  one  or  both  lungs,  the  most  common  seat 


Pathology — Delafield  and  Prudden. 


Diffuse  (Chronic)  Pulmonary  Tubercuiosia — "Clironic  Phthisis." 

In  the  upper  half  of  the  lung  there  are  scattered  miliary  tubercles 

and  irregular  areas  of  consolidation,  with  a  diffuse  formation  of  fibrous 

tissue;  tne  pleura  is  thickened.     A  large  portion  of  the  lower  lobe  is 

densely  consolidated  from  tubercle  tissue  and  exudat*  with  coagulation 

■oaia   of   the   involved  regions.     Theap   regions   are  light   in   color, 

se,  hard,  and  bloodless.     Such  dead  case^ius  areas  may  persist  tor 

e  time,  or  may  soften  and  disintegrate,  giving  rise  to  cavities. 
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Tuberculous  Bronchiectatic  Cavities  in  Pulmonary  Tuberculosis. 

The  advancing  tuberculous  involvement  of  the  walls  of  the  larger 
bronchi  in  the  upper  lobe  is  associated  with  uIceratioD,  ao  that  the  bron- 
chiectatic cavities  gradually  become  larger.  In  the  upper  portion  of  the 
upper  lobe  there  is  diffuse  consolidation  with  caseation:  the  lower  por- 
tion of  the  lobe  shows  miliary  tubercles  and  partial  consolidation  of  the 
lung  about  them  by  exudate. 

The  lower  lobe  is  free  save  for  a  few  scattered  tubercles.  The 
blood-vessels  are  injected  with  blue  so  that  the  uninvolved  portions  of 
theluDg  are  dark. 
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and  starting-point  of  tuberculous  lesions  in  adults  is  the  apical  region  or 
the  depth  of  the  lung,  particularly  the  right,  somewhat  below  the  apex.* 
In  children,  the  tuberculous  process  more  frequently  commences  in  the 
bronchial  lymph-nodes  (Plates  III.  and  XI.). 

From  the  apex  the  tuberculous  process  may  extend  downward,  and 
with  various  forms  of  lesions  involve  more  or  less  of  the  lungs.  It  is 
common  to  find  at  autopsies  older  fibrous  lesions  about  the  apices  while 
marks  of  more  active  processes  are  to  be  seen  below  (Plate  XII.).  In  a 
considerable  percentage  of  bodies  examined  at  autopsies,  small  and  often 
healed  tuberculous  foci  are  found  at  the  apex  or  in  the  bronchial  lymph- 
nodes  without  evidence  of  extension  of  the  process. 

Concurrent  Infection  in  Pulmonary  Tuberculosis. 

While  it  has  been  definitely  established  that  tubercle  bacilli  are  the 
excitants  of  both  the  productive  and  exudative  forms  of  tuberculous 
inflammation,  these  bacilli  are  not  infrequently  associated  in  pulmonary 
tuberculosis  with  other  organisms,  especially  with  the  Streptococcus  and 
Staphylococcus  pyogenes,  with  Diplococcus  pneumoniae,  and  the 
influenza  bacillus. 

There  is  reason  to  believe  that  in  many  cases  at  least  the  concurrent 
infection  of  tuberculous  lungs  with  the  Streptococcus  pyogenes  may  be  an 
important  factor  in  the  formation  of  cavities  in  areas  of  consolidation 
already  established.^  The  pyogenic  cocci  apparently  play  an  important 
part  in  the  bronchitis  which  so  often  accompanies  acute  and  chronic 
phthisis. 

Bacteriaemia  has  been  shown  to  exist  in  a  certain  proportion  of  cases 
of  active  progressive  pulmonary  tuberculosis,  but  in  many  such  cases 
the  blood  is  sterile.' 

Artificial  Pulmonary  Tuberculosis  in  Animals. 

Much  light  may  be  gained  upon  the  successive  steps  in  the  development  of  the 
lesions  of  pulmonary  tuberculosis  as  well  as  upon  the  rapidity  with  which  in  a  suscepti- 
ble animal  the  lesion  may  develop,  by  the  study  of  the  tuberculosis  artificially  induced 
in  rabbits  with  pure  cultures. 

By  the  injection  of  tubercle  bacilli  alone  and  associated  with  streptococci  into  the 
lungs  of  rabbits  through  the  trachea,  it  has  been  possible  to  reproduce  very  closely  the 
lesions  of  pulmonary  tuberculosis  in  man.* 

If  a  small  quantity  of  a  pure  culture  of  the  tubercle  bacillus  in  very  minute  flocculi 
be  mixed  with  a  considerable  quantity  of  salt  solution  and  introduced  into  the  lungs 
of  rabbits  through  the  trachea,  a  number  of  small  areas  of  consolidation  are  produced 
which  have  the  gross  appearance  of  miliary  tubercles  (Fig.  403).  These  small  areas  of 
consolidation  are  composed  of  epithelial  cells  and  leucocytes.  After  the  development 
of  these  cell  masses,  w^hich  may  occur  within  a  few  hours,  they  may  remain  with  little 
apparent  change,  or  become  more  or  less  infiltrated  with  leucocytes,  or  become  cheesy, 

*  For  a  suggestive  consideration  of  apical  vulnerability  see  Hvichxmon^  "Studies  in  Human  and 
Comparative  Pathology,"  1901,  p.  81. 

'For  bibliography  of  concurrent  infection  in  tuberculosis  see  i4reri/ and  L|/aZI,  Jour.  Med.  Re- 
search. 1913,  xxiii,  111;  Pettit,  Jour.  Infec.  Dis.,  1911,  ix,  237;  also  Prudden,  ref.  below. 

*  For  a  study  of  bacterisemia  in  pulmonary  tuberculosis  see  Jochmann^  Deut.  Arch.  f.  klin.  Med., 
Bd.  Ixxxiii.,  p.  568,  1905. 

*  Prudden,  New  York  Med.  Jour.,  July  7th,  1894. 
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or  be  surrounded  by  a  dense  sone  of  small  spheroidal  cells;  or  small  foci  of  new  tissue 
with  more  or  less  exudate,  and  neeroais,  may  form. 

When  larger  quantities  of  the  tubercle  bacillus  are  introduced  into  the  lungs 
through  the  trachea,  large  areas  of  couBolidation  are  formed  (Fig.  404),  which  may 
involve  whole  lobes  or  whole  lunga. 

Microscopically,  these  consolidated  areas  are  practically  identical  with  those  which 
are  found  ia  man  in  various  forms  of  tuberculous  broncho-pneumonia.  A  later  Bbrous- 
tissue  development  may  occur,  and  blood-vessels  may  be  obliterated. 


Fia.  403.  Fia  4(H. 

FlO.  *03.— ElPSHlMENTAL  TdbBRCULODB  iHrLAHHATIOH  (MlUABl)  IN  THB  LcBO  0»  A  EUSBn. 

The  rabbit's  lung  showi  miliary  Icwi  of  tuberculous  inflommatioa  twentv-tmj  dail  after  Ibe 
DJeetioD  tbntusb  the  trachea  of  a  small  quaotity  of  broth  culture  of  the  tubercle  baciUua. 

Fia.    404.— EXPEBIUEHTAL    TUBEHCD1/>DS    iMrLlUUATION    IN    THI    LOHO    or    A    RABBrT. 

Larie  areas  of  aoIidificalioD  in  tbe  lung  twenty-eight  days  after  (be  injectioD  thnugh  the  traehea 
of  a  considerable  quantity  of  a  pure  culture  of  the  tubercle  bacillua.     The  leaiona  resemble  thoH  of 

In  the  presence  of  the  tubercle  bacillua  alone  the  consolidated  and  caseous  areas 
rarely  soften  and  break  down  so  as  to  form  cavities.  If,  however,  after  the  tubercu- 
lous lesion  of  the  lung  has  been  induced  and  allowed  to  continue  for  a  number  of  days, 
a  culture  of  Streptococcus  pyogenes  be  introduced  into  the  trachea  of  the  rabbit, 
within  twenty-four  hours  the  caseous  areas  often  begin  to  soften.  The  softening  may 
begin  at  the  centre,  or  may  surround  a  central  portion  of  the  necrotic  mass.  Th« 
softening  is  soon  followed  by  absorption,  and  so  cavities  are  formed  of  varying  sices 
and  shapes  (Fig.  405). 

It  will  thus  be  seen  that  in  the  rabbit  a  concurrent  infection  with  the  tubercle 


Pathology — Delafield  and  Prudden.  Plate  X. 


Pulmonary  Tuberculosis — Exudative  Type — with  Large  Cavities, 
The  entire  lun^  is  solid  from  new-formed  tubercle  tissue  and  exudate  which  are  both 
;lv  in  a  condition  of  coagulation  necroeis. 

thickened  trunlcs  o!  the  larger  pulmonary  vessels  are  exposed  in  the  depths  of 

J 1 icating  cavities. 

hardened  in  alcohol  without  injection  of  the  blood-vessels. 
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bacillus  aod  the  streptococcus  haa  an  important  bearing  upon  the  breaking  down  of 
lung  tissue  which  leads  to  the  formation  of  cavities.  While  it  would  not  be  wise  to 
assume  from  these  eTperiments  on  the  rabbit  that  a  Eimilar  condition  is  always 
present  when  cavities  form  in  man,  we  have  seen  that  in  tact  a  similar  concurrent 
infection  in  man  in  acute  phthisis  actually  does  often  exist. 


Fia.  MS.— ExrsBivBNTiL  Tdbbbculodb  Ikpliuuitioh  ih  the  Lukq  or  a  Rabbit,  whb  tbb 
FouiATiaH  OF  Cavitieb. 
The  lung  wm  iniectfld  with  ■  ooiuidenbke  quuitity  of  tubercle-bicilliu  culture  thnnich  the  trachea, 
followed  after  twenty-eicht  daya  by  Ite  iDJwlion  of  the  bioih  culture  of  the  Streploooecui  pyocenn. 
Animal  killed  seven  day»  after  the  atreptmoceus  iniection.  The  apecimen  shon  lane  area*  of  conaoli- 
datioD  with  eavitica.     Tbe  lesiona  resemble  IhoM  of  acute  pbtbiais  with  cavitiea  b  msa. 

Syphilitic  Pneumonia. 

Persons  suffering  from  inherited  or  acquired  syphilis  sometimes 
develop  inflammations  of  the  lungs  which  seem  to  be  due  to  the  syphilitic 
infection.     The  lungs  may  then  be  affected  in  several  different  ways. 

There  may  be  well-defined  large  or  small  gummata  with  or  without 
interstitial  and  more  or  less  exudative  pneumonia.  There  may  be  a 
formation  of  new  fibrous  tissue  in  the  walls  and  lung  tissue  about  the 
bronchi,  often  with  ulceration  of  the  mucous  membrane  and  distortion  of 
these  structures.  There  may  be,  particularly  in  the  new-born,  lobular  or 
lobar  hepatization,  the  affected  region  appearing  reddish  or  gray  or  white. 
This  is  due  to  a  growth  of  new  cellular  tissue  in  the  walls  of  the  air 
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spaces  and  to  an  exudate  largely  of  epithelial  cells  in  the  air  spaces. 
Infarctions  of  the  lung  from  obliterating  endarteritis  may  be  present.  It 
is  often  difficult  to  determine  in  many  cases  of  interstitial  inflammation 
of  the  lungs  whether  the  lesion  be  syphilitic  or  not.' 

TUMORS. 

Fibroma  and  osteoma  are  rare.    Enchondroma  may  occur  as  a  pri- 
mary tumor  originating  in  the  cartilages  of  the  bronchi.     Sarcoma  is  not 


lung  were  in  part  white.  ID  part  duk  red  iiom  intentitinl  hsmorrhace. 

common  and  is  usually  secondary.'  "Lymphoma"  may  develop  in  the 
lungs  in  leuluemia  and  pseudo-Ieuluemia.  Endothelioma  is  of  occasional 
occurrence  in  the  lung,  and,  following  the  subpleural  lymph-vessels,  may 

'For  a  biblkwreph]'  of  pulmoaary  syphUii  ooiuult  FlaekrTaann.  Ceutrelbl.  f.  Path.,  Bd.  x.. 
p,  449.  1899. 

'  For  a  study  of  primary  aarcoma  of  the  hing  tee  Ectendorf.  Ceuttatbl.  f.  Path.,  Bd.  xvii.,  p.  3SS, 
1906:  alM  Paltr  and  ftiwl,  Areh.  de  mM.  eip..  t.  iviii.,  p.  85,  IWW. 
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form  a  reticular  raised  white  network  on  the  surface  of  the  lung  (Figa, 
407  and  408).  Adenoma  as  a  primary  tumor  is  rare.  Primary  card- 
noma  of  the  lung,  originating  in  the  bronchi,  is  of  occasional  occurrence.' 


a  aeemaDt  of  tbe  ooatal  pleura 


It  may  be  associated  with  exudative  pneumonia  and  involve  largo  por- 
tions of  the  lungs  as  well  as  the  pleura.  Secondary  carcinoma  of  the 
lung  is  not  infrequent.     The  malignant  growths  in  the  lung  may  occur 


— Ehdotebuoha  of  thb  PuiDa*. 

if  th«  Mmar  alooc  the  supeifioul  lymph-veoi 


as  circumscribed  nodular  masses,  displacing  the  lung  tissue  (Fig.  406), 
or  they  may  infiltrate  the  lung,  often  following  the  bronchi  and  larger 
blood-vessels.     The  cells  of  such  tumors  often  grow  into  and  fill  up  the  air 


inaUgDBnt  Grovtha 
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spaces  of  the  lung,  over  large  areas,  without  immediate  involvement  of 
their  walls.  ^ 

Dermoid  cysts  have  been  found  in  the  lung. 

THE  MEDIASTINUM. 

Inflammation. — Suppurative  inflammation  may  occur  either  in  the  anterior  or 
posterior  mediastinum.  It  may  be  caused  by  fractures,  caries  or  necrosis  of  th^  ster- 
num and  vertebree,  by  perforation  of  the  oesophagus,  by  suppuration  of  the  lympli- 
node^,  or  by  pleurisy,  or  may  occur  without  discoverable  cause. 

The  pus  may  infiltrate  the  connective  tissue,  or  may  form  abscesses  which  m&y 
attain  a  large  size.  The  inflammation  may  extend  to  the  pleura  or  the  pericardiuzxiy 
the  abscesses  may  displace  the  heart,  the  lungs,  or  the  sternum;  or  they  may  perforate 
through  the  skin,  into  a  pleural  cavity,  the  oesophagus,  the  trachea,  or  a  bronchus.* 

A  few  cases  of  chronic  inflammation  of  the  tissues  of  the  mediastinum  have  been 
reported — chronic  mediastinitis.'  Lesions  of  the  tracheal  and  bronchial  lymph-nodes 
are  considered  on  page  592. 

Tumors. — ^The  most  common  form  of  new  growth  in  the  mediastinum  is  tliat 
known  by  the  names  of  lymphoma,  lympho-sarcomaj  and  lymph-adenoma. 

These  tumors  are  confined  to  the  mediastinum,  or  they  are  associated  with  similar 
growths  in  other  parts  of  the  body  in  the  disease  called  "  pseudo-leuksmia."  Persons 
between  the  ages  of  twenty  and  thirty  years  seem  to  be  the  most  hable  to  the  growtli, 
but  it  is  also  not  uncommon  in  ch^dren.  It  begins  in  the  lymph-nodes  in  the  medias- 
tinum, and  at  the  root  of  the  lung.  It  increases  at  first  slowly,  then  more  rapidly,  and 
gradually  infiltrates  the  adjoining  tissues.  In  this  way  the  walls  of  the  trachea, 
bronchi,  aorta,  the  pericardium,  the  pleura,  and  the  lung,  become  infiltrated  with 
compression  of  the  surrounding  organs. 

The  growth  is  composed  of  a  fibrous  stroma  associated  with  small  round  cells,  the 
relative  quantity  of  cells  and  stroma  varying  in  the  different  cases. 

Besides  this  form  of  tumor  there  may  also  occur  in  the  mediastinum  tumors  similar 
to  those  which  grow  in  the  pleura  and  behind  the  peritoneum — ^tumors  which  resemble 
both  the  sarcomata  and  carcinoma ta,  and  which  it  is  diflScult  to  classify.  Aberrant 
thyroid-gland  tissue  may  be  found  in  the  mediastinum. 

Complex  tumors  belonging  among  the  foetal  inclusions  or  teratomata  are  of  occa- 
sional occurrence  in  the  anterior  mediastinum.*  They  may  contain  bone,  cartilage, 
connective  tissue,  muscle,  hairs,  skin,  etc.  Cysts  sometimes  lined  with  ciliated  epithe- 
lium may  form  in  such  tumors.' 

The  Pleura. 

HYDROTHORAX. 

Non-inflammatory  accumulations  of  clear  serum  in  the  pleural  cavi- 
ties are  of  frequent  occurrence.  They  occur  under  conditions  similar 
to  those  which  lead  to  dropsy  in  other  parts  of  the  body — ^lesions  of  the 
heart,  liver,  and  kidneys,  and  changes  in  the  circulation  and  in  the  com- 
position of  the  blood. 

If  the  amount  of  serum  be  large  it  may  compress  the  lower  lobes  of 
the  lungs. 

^  For  a  consideration  of  the  diagnosis  of  malignant  tumors  of  the  lung  consult  Adler,  New  York 
Med.  Jour.,  Feb.  8th  and  15th,  1896.  bibl. 

'  For  tuberculous  lesions  of  the  tracheo-bronchial  lymph-nodes  see  reference,  p.  592. 

»  Whipham,  Lancet,  1899,  vol.  i.,  pp.  882,  947,  bibl. 

*  See  Mandlebaum,  Am.  Jour.  Med.  Sciences,  vol.  cxx.,  p.  64,  1900. 

'Consult  Hare,  "Tumors  of  the  Mediastinum,"  Phila.,  1889;  also  Zahn,  Virchow's  Archiv,  Bd. 
cxliii.,  pp.  170  and  416,  1896;  also  Lohrisch,  Lubarsch  and  Ostertag's  "  Ergebnisse,"  Jabig.  vii.,  1900- 
1901,  p.  912,  bibl.;  also,  for  a  study  of  dermoid  cysts  of  the  mediastinum,  see  Aforrt«,  Med.  News,  vol. 
bcxxvii.,  pp.  404,  438,  494,  538,  1905. 


Pathology — Delafield  and  Prudden. 


Pulmonary  Tuberculosis  (Chronic),  with  Large  Cavities. 
The  ragged  common  icatin  ft  cavities  involve  a  large  part  of  the  lung  and  are  bronehlec 
tatic  in  (irigin.     The  bronchial  lymph-nodes  are  enlarged,  tiiberculoua,  and  caseous.     Tli 
pleura  and  interlobar  septum  are  thickened  by  the  formation  of  dense  fibrous  tiaaue. 


Pathology— Delafield  and  Prudden.  Plate  XII. 


(Jhronic  Pulmonarj-  Tuberculosis  with  a  Fibrous-Walled  Cavity  at  the  Apex. 
The  fibrous  wall  of  the  cavity  is  dense  and  is  continuous  with  the 
f^^atly  thickened  pleura  and  with  the  diffuse  new-formed  connective 
tiaaue  throughout  tne  upper  lobe.  The  upper  lobe  is  greatly  reduced  in 
aiie  by  the  cicatricial  contraction  of  the  tibrous  tissue.  The  lower  lobe 
shows  two  areas  of  tuberculous  consolidation;  both  are  caseous  in  the 
central  portions;  the  upper  shows  commeneinR  tuberculous  bronrhiec- 
taaia.  The  upper  part  of  the  fibrous  wall  of  the  cavity,  firmly  adherent 
to  the  thoracic  wall,  has  been  cut  away. 
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HYDRO-PNEUMOTHORAX— PYO-PNEUMOTHORAX. 

The  presence  of  air  in  the  pleural  cavities  is  usually  associated  with 
a  serous  or  purulent  exudate.  It  may  occur  as  the  result  of  perforation 
of  the  lung,  from  rupture,  from  ulceration  of  tuberculous  lesions  at  the 
pleural  surfaces,  from  injuries  to  the  chest  wall,  perforation  of  the  dia- 
phragm by  suppurative  or  cancerous  lesions  of  the  oesophagus,  stomach, 
or  intestine,  as  well  as  in  a  variety  of  other  conditions.  Gas  may  form 
in  the  pleural  cavities  in  infection  by  the  Bacillus  aerogenes  capsulatus.* 


HiEMORRHAGE. 

Subpleural  ecchymoses  may  occur  in  asphyxia  or  during  infectious 
diseases  or  intoxications.  More  extensive  extravasations  of  blood — 
haemo thorax — may  be  the  result  of  injuries  to  the  wall  of  the  thorax  or 
the  rupture  of  aneurism. 

Hsmorrhaglc  Exudates  are  usually  associated  with  tubercidous 
inflammation  of  the  pleura  or  with  infarctions  of  the  lungs,  carcinoma, 
or  injuries,  infectious  diseases,  or  cirrhosis  of  the  liver. 

INFLAMMATION.     (Pleuritis,  Pleurisy.) 

Inflammation  of  the  pleura  may  occur  as  an  independent  lesion,  but 
it  is  commonly  associated  with  pathological  processes  in  the  lungs,  peri- 
cardium, abdomen,  or  chest  wall.  It  may  be  exudative  in  character, 
usually  associated  with  more  or  less  proliferation  of  the  mesothelial 
("endothelial")  and  connective-tissue  cells,  or  it  may  be  productive 
with  the  formation  of  new  connective  tissue.  These  phases  of  inflamma- 
tion may  be  associated.  Through  the  production  of  new  connective 
tissue,  repair  of  the  acute  inflammatory  lesion  is  commonly  effected. 
In  the  exudative  forms  of  pleurisy  the  exudate  may  consist  of  fibrin,  or 
of  serum  and  fibrin,  or  of  serum  with  fibrin  and  pus. 

Simple  Fibrinous  Pleurisy  (Dry  Pleurisy;  Pleuritis  Sicca). — This  may 
involve  circumscribed  areas  of  the  costal,  mediastinal,  diaphragmatic, 
or  pulmonary  pleura,  less  frequently  the  entire  pleura  of  one  side  of  the 
chest.  The  affected  portions  of  pleura  are  dull  and  lustreless  and  coated 
with  fibrin,  opposing  surfaces  often  being  joined  by  bands  of  fibrin. 
There  are  swelling,  degeneration,  proliferation,  and  exfoliation  of  the 
mesothelium,  with  swelling  and  proliferation  of  the  connective-tissue 
cells  beneath.  Exceptionally,  there  is  involvement  of  the  entire  pleura 
of  one  side,  with  the  production  of  such  a  large  amount  of  fibrin  as 
seriously  to  compress  the  lung.' 

Sero-fibrinous  Pleurisy  (Pleurisy  with  Effusion). — This  is  the  most 
common  form  of  pleurisy.     As  a  rule,  it  involves  the  greater  part  of  the 

'  For  a  study  of  pneumothorax  see  Emeraon,  Johns  Hopkins  Hosp.  Rep.,  vol.  xi.,  p.  1,  1903. 
*  For  a  study  of  the  origin  of  fibrin  and  adhesions  of  the  serous  membranes  consult  Heim,  Virch. 
Aroh.,  Bd.  clx.,  p.  365,  1900;  also  Gaylord,  Jour.  Exp.  Med.,  vol.  iii.,  p.  1,  1898,  bibL 
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pleura  of  one  side  of  the  chest.  Sometimes,  however,  the  pleura  of  both 
sides  of  the  chest  is  involved,  and  then  the  pericardium  also  is  often 
inflamed. 

While  the  inflammation  is  in  progress  the  surface  of  the  affected 
pleura  is  coated  with  fibrin,  and  bands  of  fibrin  stretch  between  the 
parietal  and  pidmonary  pleurae.  In  the  pleural  cavity  is  serum  in  vari- 
able quantity.  This  serum  is  clear,  or  turbid  from  the  presence  of 
exfoliated  mesothelium,  leucocytes,  and  flocculi  of  fibrin  or  red  blood 
cells.  The  lung  is  compressed  in  different  degrees  and  positions,  accord- 
ing to  the  quantity  of  the  serum  and  the  character  of  the  adhesions.  The 
heart  may  also  be  displaced  by  the  accumulated  exudate. 

The  natural  termination  of  such  a  pleurisy  is  the  recovery  of  the 
patient,  with  thickenings  of  the  pleura  and  adhesions.  The  irregular 
terminations  are:  The  death  of  the  patient,  the  protracted  existence  of 
the  fibrin  and  serum,  and  the  change  of  the  character  of  the  inflammation 
so  that  pus  is  produced. 

If  the  patient  recover,  the  serum  is  absorbed,  the  fibrin  disappears, 
and  repair  is  effected,  as  in  simple  fibrinous  pleurisy,  by  the  formation 
of  granulation  tissue,  which  gradually  becomes  dense  and  cicatricial  in 
character  and  may  remain  as  local  or  general  thickenings  or  firm  adhe- 
sions of  the  opposed  pleural  surfaces.  The  lung  may  be  distorted  by 
contraction  of  the  new-formed  connective  tissue.  The  exudates  in  the 
sero-fibrinous  form  of  pleurisy  do  not  usually  infiltrate  the  pleura,  but 
gather  upon  its  surface  and  in  the  cavity. 

The  Excitants  of  Sero-fibrinous  Pleurisy. — Cultivations  from 
the  exudate  give  in  the  larger  proportion  of  cases  negative  results;  but 
the  pneumococcus,  Streptococcus  pyogenes.  Staphylococcus  aureus  and 
albus,  and  the  typhoid  bacillus  have  been  isolated.  When  the  inflam- 
mation of  the  pleura  is  consecutive  to  acute  lobar  pneumonia,  the 
pneumococcus  may  still  not  be  found  in  the  exudate.  The  presence 
of  the  streptococcus  is  frequently  followed  by  the  formation  of  pus. 
The  organisms  named  above  may  be  present  alone  or  in  various  associa- 
tions. Many  cases  with  simple  sero-fibrinous  exudate  prove  on  inocula- 
tion to  be  tuberculous.^ 

Suppurative  Pleurisy  (Empyema). — Suppurative  pleurisy  may  occur 
either  with  or  without  the  formation  of  a  considerable  sero-fibrinous 
exudate.  The  exudate  may  be  purulent  from  the  beginning,  or  a  sero- 
fibrinous exudate  may  assume  this  character. 

The  pleural  cavity  in  empyema  is  partly  or  completely  filled  with 
purulent  fluid,  and  the  lung  is  either  compressed  against  the  vertebral 
column  or  partly  adherent  to  the  chest  wall.  Sometimes,  however,  the 
purulent  fluid  is  shut  in  by  adhesions,  either  between  parts  of  the  lung 
and  the  thoracic  wall,  or  between  the  lung  and  the  diaphragm,  or  between 
the  lung  and  the  pericardium,  or  between  the  lobes  of  the  lung. 

The  fluid  in  the  pleural  cavity  is  usually  a  thin,  purulent  serum, 

^  For  a  study  of  the  bacteria  in  exudative  pleuritis,  with  the  earlier  bibliography,  consult  Prudden, 
New  York  Med.  Jour.,  June  24th,  1893.  For  fuller  data  see  Netter,  Bouchard  and  Brissaud's  "Trait* 
de  M6decine,"  t.  vii.,  p.  399, 1901. 
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composed  of  serum,  pus  cells,  mesothelial  cells,  and  flocciili  of  fibrin; 
but  sometimes  this  fluid  is  thick  and  viscid. 

While  in  children  the  more  or  less  active  suppurative  process  in  the 
pleura  may  continue  for  a  long  time  without  deep  involvement  of  the 
pleura,  in  adults  granulation  tissue  may  form  upon  the  pleura,  which 
thus  becomes  gradually  thickened  and  may  so  remain  for  months  with 
its  inner  vascular  surface  covered  with  pus  and  fibrin.  In  such  cases,  as 
well  as  in  less  chronic  forms,  the  fibrin  fibrils  are  often  swollen  and 
coalesce  to  form  irregular  homogeneous  or  finely  granular  masses. 
Resolution  may  occur  in  one  region  of  the  pleura  while  the  exudate  in 
another  may  become  encapsulated  by  new-formed  connective  tissue. 

In  old  cases  the  thickening  of  the  pleura  may  be  great  and  it  may 
become  calcified.*  The  perichondrium  of  the  cartilages  and  the  peri- 
osteum of  the  ribs  may  become  inflamed,  with  necrosis  of  the  cartilages 
and  ribs  or  a  production  of  new  bone.  Necrosis  and  gangrene  of  the 
involved  pleura  may  occur  and  putrefactive  process  be  set  up  in  the  exu- 
date. The  suppurative  process  may  extend  from  the  pleura  involving 
adjacent  parts,  such  as  the  fasciae,  the  muscles,  the  skin,  the  diaphragm, 
or  the  lungs.  Thus  the  pus  may  find  an  exit,  through  the  wall  of  the 
thorax,  into  the  peritoneal  cavity  or  into  the  lungs. 

In  inflammation  of  the  pleura  the  process  may  extend  to  the  lym- 
phatics in  the  interlobular  septa,  around  the  bronchi,  and  around  the 
blood-vessels.  This  interlobular  lymphangitis  occurs  more  frequently  in 
children  than  in  adults.  The  lymphatics  in  the  interlobular  septa  and 
those  around  the  bronchi  and  blood-vessels  are  distended  with  pus  cells, 
the  septa  are  much  thickened,  and  the  lobules  separated  from  each  other. 

Sero-fibrinous  pleurisy  and  empyema  may  occur  as  complications  of 
infectious  diseases,  such  as  scarlatina,  t3rphoid  fever,  and  various  forms 
of  septicflemia,  or  by  an  extension  of  an  inflammatory  process  from  such 
adjacent  parts  as  the  pericardium,  lungs,  mediastinum,  etc.^  The  vari- 
ous forms  of  pneumonia  are  frequently  associated  with  local  or  general 
inflammation  of  the  pleura. 

The  Excitants  of  Empyema. — Streptococcus  pyogenes  is  the  most 
frequent  excitant  of  suppurative  inflammation  of  the  pleura.  According 
to  the  statistics  of  Netter  this  organism  has  been  found  in  a  little  over 
forty  per  cent,  of  the  cases  examined  of  all  ages.  The  pneumococcus 
has  been  found  in  over  twenty-five- per  cent,  of  cases  examined.  The 
streptococcus  and  the  pneumococcus  are  associated  in  a  small  proportion 
of  cases.  Of  less  frequent  occurrence  are  Staphylococcus  pyogenes. 
Bacillus  typhosus,'  Bacillus  coli  communis,  the  gonococcus,  the  pneumo- 
bacillus  of  Friedlander,  and  the  influenza  bacillus.  In  empyema  with 
fetid  exudate,  various  forms  of  bacteria  may  be  present.  While  in  the 
adult  the  streptococcus  is  most  often  found  in  the  empyemic  exudate, 

^  For  a  rigumi  of  our  knowledge  of  various  calcifications  in  the  lungs,  and  allied  conditions  often 
called  "lung  stones,"  consult  Polaillon,  "Lea  Pierres  du  Poumon,"  etc.,  Paris,  1891;  or  Legry^  Arch, 
gto.  de  m6d.,  vol.  i.,  pp.  337  and  466.  1892. 

'  For  a  study  of  relation  of  oesophageal  diverticula  to  empyema  see  Starck,  Arch.  f.  Verdauimgskr., 
Bd.  vii.,  1901.  p.  1. 

*  Consult  for  cases  and  bibl.  Gordinier  and  Lartigau^  Am.  Jour.  Med  Sci.,  vol.  cxxi.,  p.  43,  1901. 


640  THE    RESPIRATORY   SYSTEM 

in  young  children  the  pneumococcus  is,   according  to  Netter,'  most 
common. 

Chronic  Pleurisy  with  Adhesions. — This  form  of  pleurisy  may  follow 
one  of  the  varieties  of  pleurisy  just  described,  it  may  be  associated  with 
emphysema  and  chronic  phthisis,  or  it  may  occur  by  itself. 

After  death  the  pulmonary  and  costal  pleura  are  found  thickened  and 
joined  together  by  numerous  adhesions.  These  changes  may  involve 
only  a  part  or  the  whole  of  the  pleura  on  one  or  both  sides  of  the  chest. 

The  thickened  pleura  is  covered  with  mesothelium;  the  new  connec- 
tive tissue  may  be  very  dense  and  may  contain  few  or  many  cells. 
Blood-vessels  may  be  numerous  and  irregular  in  distribution  or  few  in 
number.  New  lymph-vessels  are  formed  with  the  growth  of  the  new 
tissue.^  These,  as  well  as  the  old  lymphrvessels,  may  be  dilated,  forming 
small  cysts. 

Tuberculous  Pleuritis. — Acute  general  tuberculosis  of  the  pleura  is 
usually  secondary  to  tuberculous  inflammation  elsewhere  in  the  body, 
either  in  the  lungs,  which  is  most  common,  or  the  bronchial  lymph-nodes, 
peritoneum,  bones,  etc.,  or  it  may  be  a  part  of  a  general  miliarytuber- 
culosis.  There  may  be  localized  or  widely  disseminated  miliary  tuber- 
cles upon  or  beneath  the  pleural  surfaces,  either  in  direct  association 
with  lesions  beneath  the  piilmonary  pleura  or  apart  from  these  or  upon 
the  costal  pleura.  The  tuberculous  foci  may  be  larger  and  more  diffuse. 
The  minute  characters  of  the  inflammation  are  not  essentially  different 
from  those  found  in  tuberculosis  in  connective  tissue  elsewhere,  but  the 
mesothelial  cells  covering  the  pleura  may  share  largely  in  the  early 
phases  of  the  new  growth. 

If  the  process  be  prolonged,  much  dense  fibrous  tissue  may  be  formed 
in  which  are  miliary  tubercles  in  various  stages  of  coagulation  necrosis, 
or  larger  patches  of  necrotic  tissue  surrounded  by  miliary  tubercles  or 
diffuse  tuberculous  tissue. 

With  acute  types  of  tuberculous  inflammation  of  the  pleura  more  or 
less  exudate  may  form.  This  may  be  sero-fibrinous,  often  with  very 
little  fibrin,  or,  as  is  frequently  the  case,  it  may  be  tinged  or  deeply  colored 
with  blood.  The  exudate  may  be  purulent.  The  tubercle  bacillus  may 
be  associated  with  other  bacteria,  most  often  with  the  Staphylococcus 
pyogenes  in  the  purulent  exudate. 

Many  cases  of  pleuritis  with  a  sero-fibrinous  exudate  giving  no  growth 
of  bacteria  on  the  ordinary  culture  media  are  found  to  be  tuberculous,  by 
the  inoculation  of  guinea-pigs  with  the  fluid. 

Chronic  Miliary  Tubercles. — Miliary  tubercles  of  the  pleura,  chronic 
in  form,  mostly  composed  of  fibrous  tissue,  with  cheesy  degeneration 
or  calcification,  are  very  common,  and  are  frequently  associated  with 
tuberculous  bronchial  lymph-nodes  without  tuberculosis  in  other  parts 
of  the  body.  These  tubercles  are  usually  widely  scattered  over  the  pleura 
and  are  almost  always  associated  with  anthracotic  pigmentation. 

^  NeUer,  Bouchard  and  Brissaud's  "Traits  de  M^ecine."  t.  vii.,  p.  445.  1901.  For  a  study  of  th« 
wa3ra  of  infection  of  the  pleura  see  Grober,  Deut.  Arch.  f.  klin.  Med.,  Bd.  btviii.,  p.  296,  1900,  bibL 

'  For  a  study  of  the  formation  of  new  lymph-vessels  in  pleurisy  see  Guyot,  Ziegler's  Beitrige.  Bd. 
xxxviii.,  p.  207,  1905. 
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The  dense  fibrous  tubercle  or  the  cheesy  or  calcified  portion  may  be 
seen  as  a  lighter  spot  in  the  pigmented  area  (Fig.  376).  Such  tuber- 
cles are  sometimes  accompanied  by  minute  cystic  dilatations  of  the 
lymph-vessels  on  which  they  are  formed. 

These  pleural  tubercles  develop  along  the  subpleural  lymphatic 
vessels,  or  in  the  areas  of  lymphoid  tissue  or  in  the  minute  subpleural 
lymph-nodes,' 

The  presence  of  these  healed  tubercles,  which  rarely  harbor''s  tain  able 
tubercle  bacilli,  together  with  the  simultaneous  involvement  and  pig- 
mentation of  the  bronchial  lymph-nodes,  affords  strong  evidence  of  the 
frequency  of  the  direct  infection  of  the  lungs  through  the  respiratory 
passages.  They  are  formed  along  the  lines  of  lymph  drainage  of  the  lungs 
which  ultimately  enter  the  bronchial  nodes.  Since  in  this  drainage 
inhaled  pigment  particles  and  tubercle  bacilh  are  deposited  together,  the 
frequent  association  of  pigmentation  and  tuberculosis  is  comprehensible. 

Hodenpyl'  has  shown  the  great  frequency  of  those  chronic  pleural 
pigmented  tubercles,  and  Ribbert'  believes  that  the  tuberculous  process 
precedes  the  local  pigmentation  and  furnishes  suitable  conditions  for  it. 

TDHORS. 

Fibroma,  sarcoma^  and  endothelioma  may  occur  as  primary  tumors  of 
the  pleura.  Small,  white,  slightly  projecting,  often  pigmented  eleva- 
tions of  the  pleura,  either  single  or  multiple,  are  common.  These  were 
formerly  regarded   as  mostly  miliary  fibromata.     But   Hodenpyl  and 


others  have  shown  that  while  some  may  be  fibromata  or  lymphangio- 
mata  or  air  cysts,  they  are  mostly  fibrous  masses  which  replace  or  enclose 
miliary  tubercles.*  Fibroma  and  lipoma  formed  in  the  subpleural  tissues 
may  encroach  upon  the  pleural  cavity.  Endothelioma  usually  occurs  in 
the  form  of  larger  and  smaller,  flat  or  projecting,  irregular  nodular  masses 


>!&«  p.  003. 

,\.  Iv-.  p-  903.  1899. 

•  RMin.  Deut.  med.  W«h. 

.  p.  leiS.  1906. 

•  See  ref.  Hadtnpvl.  above. 
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(Fig.  407),  frequently  most  marked  and  extensive  upon  the  costal  pleura 
(Figs.  408  and  409).*  This  as  well  as  other  tumors  of  the  pleura  may- 
be associated  with  an  exudative  pleuritis. 

Carcinoma,  primary  in  the  thyroid,  mamma,  oesophagus,  and  stomach, 
may  invade  the  pleura.  Echinococcus  and  other  cysts  of  the  pleura  have 
been  recorded.* 

>  For  bibliography  of  endothelioma  of  the  pleura  consult  Qlockner^  Zeits.  f.  Heilkunde,  Bd.  zxviiL, 
p.  209.  1897. 

'  For  a  description  of  ciliated  cjrsts  of  the  pleura  see  Zahn,  Vircbow's  Arcb..  Bd.  cxliii.,  p.  170, 1896. 


CHAPTER  VII. 

THE  DIGESTIVE  SYSTEIL 
The  Mouth. 

Malformations. 

Malformations  of  the  lips  and  cheeks  are  usually  associated  with  defective  forma- 
tion of  the  bones  of  the  mouth.  The  entire  process  is  generally  due  to  an  arrest  of 
development  or  a  failure  of  the  branchial  arches  to  fuse  normally  (see  Figs.  175  and 
177). 

1.  The  lower  jaw  is  absent;  the  upper  jaw  and  hard  palate  are  small  and  imper- 
fectly formed ;  the  temporal  bones  nearly  touch  in  the  median  line.  The  lower  part  of 
the  face  is,  therefore,  wanting;  the  mouth  is  absent,  or  small  and  closed  posteriorly; 
the  tongue  is  absent.     Such  a  malformation  is  rare;  the  foetus  is  not  viable. 

2.  The  face  remains  in  its  early  foetal  condition  of  a  large  cleft;  the  mouth  and  nose 
form  one  cavity;  the  orbits  may  be  united  in  the  same  cavity.    The  foetus  is  not  viable. 

3.  There  is  a  cleft  in  the  upper  lip,  upper  jaw,  and  hard  palate.  The  cleft  corre- 
sponds to  the  point  of  junction  of  the  processes  of  the  superior  maxilla  with  the  inter- 
maxillary bone.  There  may  be  one  cleft  or  two,  one  on  either  side  of  the  intermaxil- 
lary bone.  The  cleft  involves  the  lip  alone, — harelip  (Fig.  176) — or  the  lip  and  supe- 
rior maxilla,  or  the  lip,  maxilla,  and  palate.  There  may  be  a  single,  or  a  double  cleft  in 
the  palate,  and  the  cleft  may  involve  either  the  hard  or  soft  palate,  or  both.  If  there 
are  two  clefts  of  the  lip  and  maxilla  the  portion  of  lip  and  bone  between  them  may  be 
small,  or  entirely  absent  so  as  to  leave  a  large  open  space.  The  soft  palate  may  be 
entirely  absent.    This  is  a  common  malformation  and  does  not  endanger  life. 

4.  Rarely  there  is  a  cleft  involving  the  middle  of  the  lower  lip,  and  sometimes 
extending  into  the  inferior  maxilla. 

5.  Either  the  inferior,  or  the  superior,  or  both  maxillary  bones  may  be  abnormally 
small. 

6.  The  edges  of  the  lips  may  be  partly  or  completely  joined  together.  The  open- 
ing of  the  mouth  may  be  only  a  round  hole. 

7.  The  lips  may  be  absent  or  imperfectly  developed. 

8.  The  comers  of  the  mouth  may  be  prolonged  by  clefts  in  the  cheeks  nearly  to  the 
ears. 

INFLAMMATION.— (Stomatitis.) 

Catarrhal  stomatitis  is  most  frequent  in  children  and  occurs  with  a 
great  variety  of  local  and  general  disturbances. 

During  life  the  congestion  and  swelling  of  the  mucous  membrane  may 
be  well  marked  and  there  are  often  white  patches,  produced  by  the  death 
of  the  superficial  epithelial  cells.  There  may  be  an  increased  production 
of  mucus,  or,  instead  of  this,  the  entire  mucous  membrane  is  unnaturally 
dry.  In  addition  to  hypersemia  and  local  cedema  there  may  be  prolifer- 
ation, exfoliation,  and  degeneration  of  the  epithelium. 

Extravasated  leucocytes  may  infiltrate  to  a  moderate  degree  the 
stroma  of  the  mucous  membrane  and  appear  upon  its  surface.  Small, 
clear  vesicles  may  form  beneath  the  epithelium  from  the  collection  of 
serous  exudate. 

643 
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Croupous  stomatitis  is  incited  by  local  irritants,  by  local  infection,  or 
by  the  extension  of  the  same  form  of  inflammation  from  the  pharynx;  it 
frequently  occurs  with  diphtheria  and  other  infectious  diseases. 

Portions  of  the  mucous  membrane  are  swollen  and  congested,  and 
covered  with  a  false  membrane.  This  false  membrane  is  composed  of  a 
thickened  layer  of  epithelium  in  the  condition  of  coagulation  necrosis, 
and  of  fibrin  and  pus  in  variable  relative  quantity.  The  stroma  of  the 
mucous  membrane  may  be  infiltrated  with  pus  and  fibrin,  and  portions 
of  it  may  become  necrotic. 

Aphtiious  Stomatitis. — In  this  condition  small  whitish  projecting 
patches  surrounded  by  a  zone  of  hyperaemia  may  form  upon  the  mucous 
membrane.  These  consist  of  a  more  or  less  fibrinous  exudate  beneath 
the  epithelium  which  may  exfoliate,  leaving  small  ulcers. 

Ulcerative  Stomatitis. — This  form  of  stomatitis  is  apt  to  occur  in 
ill  nourished  children  or  in  young  adults,  in  scurvy,  or  in  mercurial  poison- 
ing. It  usually  begins  at  the  margin  of  the  gums  of  the  lower  jaw  and 
extends  to  the  cheeks  and  tongue.  The  affected  parts  are  swollen  and 
coated  with  a  grayish,  soft  pellicle  composed  of  bacteria  and  necrotic 
tissue.  The  gums  may  be  destroyed  around  the  teeth,  and  these  may 
fall  out.  The  surrounding  soft  parts  are  swollen,  and  there  may  be 
necrosis  of  the  jaws. 

In  noma  or  gangrenous  stomatitis  similar  changes  may  be  associated 
with  extensive  gangrenous  destruction  of  the  cheeks.  This  most  often 
occurs  in  young  children  in  connection  with  measles,  scarlatina,  or 
typhoid  fever.  It  has  been  claimed  that  a  special  micro-organism  is  the 
excitant  of  this  disease,  but  this  has  not  yet  been  proved. 

Thrush.  (Soor;  Parasitic  Stomatitis.) — In  ill-nourished  children  or  in 
adults  suffering  from  chronic  disease  a  fungus  related  to  the  yeasts — 
oidium  albicans — may  grow  among  the  epithelial  cells  of  the  mouth,  form- 
ing white  membranous  patches.  These  may  involve  large  areas  of  the 
mouth  and  pharynx  and  extend  to  the  oesophagus  or  upper  respiratory 
passages. 

Phlegmonous  Stomatitis. — Exudative  inflammation  of  the  mouth  may 
result  from  infected  wounds,  in  connection  with  erysipelas  or  suppurative 
or  other  infectious  process  near  the  mouth.  Various  pyogenic  bacteria 
may  be  its  excitants. 

Chronic  Stomatitis. — This  may  follow  acute  catarrhal  or  other  inflam- 
matory processes,  or  most  frequently  syphilis,  and  may  be  due  to  per- 
sistent irritation — for  example,  from  the  use  of  tobacco.  Owing  to  hj'per- 
plasia  of  the  epithelium  and  submucous  tissue,  white  patches  of  varying 
extent  may  form  on  the  tongue  or  elsewhere — lexicoplakia  buccalis. 
These  through  excessive  increase  in  the  epithelium  may  project  in  wart- 
like form  from  the  surface — ichthyosis. 

Tuberculous  stomatitis  commences  with  the  formation  of  miliary 
tubercles  or  of  larger  tuberculous  masses  in  the  stroma  of  the  mucous 
membrane.  These  masses  soon  degenerate,  soften,  and  form  ragged 
ulcers. 

Sjrphilltic  Stomatitis. — As  a  result  of  syphilis  there  may  be  produced 
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either  the  so-called  mucous  patches  or  gummy  tumors.  In  the  mucous 
patches  the  epithelial  layer  is  at  first  thickened  and  the  papillae  of  the 
stroma  are  swollen  and  infiltrated  with  cells  (see  Fig.  157,  p.  271  and 
Fig.  158,  p.  272).  This  may  be  followed  by  desquamation  of  the  epi- 
thelium and  ulceration. 

TUMORS. 

Fibromay  lipoma,  and  enchondroma  have  been  seen  in  a  few  cases  in 
the  lips.  When  in  the  mouth  they  usually  grow  from  the  bones.  Epulis 
is  a  tumor  of  the  jaw,  fibrous,  sarcomatous,  or  epitheliomatous. 

Papillomata  occur  most  frequently  at  the  edges  of  the  lips,  but  are 
also  found  on  the  gums,  the  floor  of  the  mouth,  and  the  cheeks.  They 
are  formed  of  hypertrophied  papillae,  covered  with  thickened  epidermis. 
They  often  ulcerate.  Angioma,  either  congenital  or  developed  after 
birth,  occurs  in  the  lips.  Adenoma  may  be  formed  in  the  mucous  mem- 
brane covering  the  mouth,  lips,  and  soft  palate.  The  tumors  are  rounded, 
usually  small,  sometimes  as  large  as  a  hen 's  egg.  They  may  be  situated 
in  the  thickness  of  the  mucous  membrane,  or  project  in  a  polypoid  form. 

Carcinoma  is  of  frequent  occurrence  and  is  usually  of  the  epithelioma- 
tous form.  Such  tumors  may  form  at  any  part  of  the  mucous  membrane 
of  the  mouth,  but  often  begin  in  the  edge  of  the  lower  lip  as  a  result  of 
persistent  irritation,  as  in  pipe  smokers. 

They  may  originate  in  an  ulcerating  papilloma,  or  as  a  flat,  super- 
ficial growth  from  the  deeper  layers  of  the  epithelium,  or  as  deep  nod- 
ules starting  in  the  mucous  glands.  They  are  composed  of  large  masses 
of  epithelial  cells,  closely  packed  together,  often  forming  nests,  and 
arranged  in  anastomosing  tubular  masses.  The  stroma  surrounding 
these  masses  is  infiltrated  with  cells.  In  a  few  cases  the  infiltration  of 
the  stroma  with  small  round  cells  may  be  very  marked,  so  marked  that 
the  epithelial  growth  may  be  obscured.  The  new  growth  may  increase 
in  size,  ulcerate,  infiltrate  the  adjacent  tissues,  and  may  give  rise  to 
metastatic  tumors. 

Cysts. — Dermoid  cysts  and  cysts  of  the  embryonal  branchial  clefts 
may  involve  the  mouth.  Simple  cysts  may  form  in  the  jaws  from  aber- 
rancies  in  the  development  of  the  teeth.  For  a  description  of  the  so-called 
adamantinoma,  see  p.  415.  Complex  congenital  tumors  of  the  gums  are 
of  rare  occurrence,  apparently  arising  in  some  congenital  anomaly.^ 

The  Tongue. 

Malfonnations. 

Absence  of  the  tongue  may  be  associated  with  the  extreme  defects  of  development 
of  the  face  already  mentioned. 

The  anterior  portion  of  the  tongue  may  be  absent  while  its  base  remains.  The 
lower  jaw  is  then  small.     The  tongue  may  be  cleft  or  lobulated. 

It  may  be  partly  or  completely  adherent  to  the  floor  of  the  mouth.     The  frenulum 

*  For  a  study  of  such  complex  tumors  of  the  mouth  see  Schorr,  Ziegler's  Beitr.,  Bd.  xxxix..  p.  82, 
1906. 
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may  be  abnormally  short,  or  may  extend  to  the  tip  of  the  tongue.  In  rare  cases  the 
sides  of  the  tongue  are  adherent,  or  its  upper  surface  may  be  adherent  to  the  roof  of  the 
mouth. 

HYPERTROPHY  AND  INFLAlOiATION. 

Macroglossia,  or  hypertrophy  of  the  tongue,  is  almost  always  a  con- 
genital lesion,  and  is  especially  common  in  cretins.  The  tongue  may  be 
so  large  that  it  protrudes  through  the  lips.  The  lips  may  also  be  simi- 
larly enlarged.  There  is  hyperplasia  of  the  fibrous  and  other  tissues  of 
the  tongue,  and  in  addition  to  this  there  may  be  a  dilatation  of  the  lym- 
phatic vessels. 

Inflammations  of  the  tongue — glossitis — may  be  associated  with  sim- 
ilar changes  in  the  mouth,  or  may  occur  by  themselves.  In  catarrhal 
inflammation  the  accumulation  of  epithelium  may  give  rise  to  the 
"furred  tongue."  Most  of  the  inflammatory  processes  above  indicated 
as  occurring  in  the  mouth  may  affect  the  tongue  also. 

TUMORS. 

Cysts. — The  most  common  forms  of  cysts  are  the  sacs  beneath  or 
partly  in  the  substance  of  the  tongue — ranvla.  They  are  formed  by 
dilatation  of  the  ducts  of  the  mucous  glands,  or  of  the  submaxillary  and 
sublingual  glands.    Amyloid  tumors  of  the  tongue  have  been  reported.  ^ 

Lipoma  and  fibroma  are  rare.  They  form  nodules  in  the  substance 
of  the  tongue  or  project  in  a  polypoid  form.  Composite  tumors,  com- 
posed largely  of  fat,  are  found  on  the  tongue  as  a  congenital  condition. 

Angioma. — Cavernous  vascular  tumors  are  found  in  the  substance  of 
the  tongue  and  projecting  from  its  surface. 

Sarcoma  is  not  common  in  this  situation,  but  may  occur  both  in  chil- 
dren and  in  adults.  Carcinoma,  usually  of  the  epitheliomatous  type,  may 
originate  in  the  tongue  or  may  extend  to  it  from  the  adjacent  tissues. 

MICRO-ORGANISlfS  OF  THE  MOUTH. 

Micro-organisms  of  various  forms — bacteria,  moulds,  and  yeasts — are 
always  present  in  the  mouth,  often  in  enormous  numbers.  They  are  for 
the  most  part  not  of  significance  save  for  the  putrefactive  processes 
which  they  initiate  and  maintain  in  mouths  not  properly  cleansed.  On 
the  other  hand.  Staphylococcus  and  Streptococcus  pyogenes  and  the 
pneumococcus  are  of  frequent  occurrence  in  the  mouths  especially  of 
those  who  live  in  towns  and  crowded  dwellings,  and,  while  usually  harm- 
less, they  may  under  favorable  conditions  become  excitants  of  serious 
disease. 

The  tubercle  bacillus  may  be  present  in  the  mouth  as  well  as  in  the 
nose  of  those  who  care  for  uncleanly  consumptives. 

The  fungus  of  thrush  (soor),  and  leptothrix,  which  under  usual 
conditions  are  not  harmful,  may  incite  serious  local  disease. 

^  See  Schmidt,  Virch.  Arch.,  Bd.  oxiiii.,  p.  369,  1896,  bibliography  of  amyloid  tumors  in  generai. 
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The  so-called  Mycosis  phaiyngis  is  apparently  due  to  the  growth  in 
susceptible  persons  of  a  form  of  leptothrix  not  yet  thoroughly  studied, 
on  account  of  the  technical  difficulties  in  the  way  of  its  artificial  cultiva- 
tion/ 

The  Pharynx. 

HaUomutions. 

Branchial  Fistdi.:!:  and  Ctsts. — When,  aa  not  infrequently  occurs,  the  embry- 
onal gill  clefts  do  not  properly  cloae,  fistula  may  remain.'  These  may  in  rare  cases  be 
complete,  so  that  an  opening  exists  from  the  pharynx,  larynx,  or  trachea  to  tbe  side  of 
the  neck  (see  Fig.  175,  p.  322).  More  frequently,  however,  these  fiatulte  are  incom- 
plete and  shallow,  and  open  either  inward  into  one  of  the  above-named  organs  or 


Fm.  410. — SiCTiOH  or  tbi  Wall  or  a  BttiNCHiiL  Ctbt  of  th«  Neck. 
Fonned  froin  the  Imperfect  c1o«ur«  of  ui  embryoQAl  gill  clef t.    ThecyatialiDfld  with  ciliated  epithe- 
lium, and  the  wall  ia  largely  loimed  of  diffiue  lymphoid  tinue, 

outward  on  to  the  neck.  Small  portions  of  the  gill  clefts  may  persist  without  external 
openings,  and  from  these  subcutaneous  cyats  of  the  neck  are  often  developed.  Or  a 
portion  of  the  cleft  may  be  cut  off,  forming  a  cyst,  while  the  fistula  persists  with  its 
external  opening. 

The  walls  of  these  fistuke  and  cysts  may  be  covered  with  mucous  membrane  having 
cylindrical  or  flattened  or  ciliated  surface  cells.  Or,  when  formed  from  the  outer 
clefts,  they  may  be  lined  with  skin. 

Not  infrequently  the  walls  of  these  cysts  and  fistute  are  embedded  in  lymphatic 
tissue,  whichmay  be  diffuse  or  gathered  in  nodular  form  (see  Figs.  410  and  411).' 

Diverticula  of  the  pharynx  have  been  observed. 

Be  (Trepoaeina)  found  ia  tbe  mouth  aee  \'oeuclii.  Join.  Eiper. 

'For  deUib  of  Uie  formalioD  of  fiaeum  io  the  cervical  recioD  from  incomplete  cloauie  of  tbe 
bnachial  eletia  aee  T/u-ma.  "Teil-book  ol  General  PHlholo«y."  Enc.  trsml,.  1898.  p.  201, 

>  For  bibliocnphy  of  brsacbial  cyits  and  fistulie  see  Coplin.  Froc.  Fath.  Sdc.  ol  Phila.,  N.S.,  vol. 
Iv..  p.lOe.  1901. 
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HfFLAMHATlON.     (Phenmgitis,  Angina.) 

Catarrhal  plLaryngltls  is  usually  associated  with  the  same  forms  of 
inflammation  in  the  mouth  and  has  similar  characters. 

In  catarrhal  inflammation  involving  the  tonsils  and  those  portions  of 
the  pharynx  richly  supplied  with  the  so-called  submucous  adenoid — 
lymphoid — tissue,  leucocytes  may  in  considerable  numbers  pass  through 
the  thin  epithelial  layer  and  mingle  with  the  exudate  upon  the  exposed 
surface. 

In  chronic  inflammation  of  the  pharynx  there  may  be  a  Jarge  and 
permanent  hyperplasia  of  the  lymphoid  tissue,  with  more  or  less  dense 


Fia,  411.— SsimoN  or  TBI  Wall  or  jl  Boahchial  Cist  or  thi  Nbce. 

This  eytt.  like  tbst  abown  In  Fie-  410,  has  much  lymphoid  tiuue  b  Iht  wall,  but  Dodulai  in 

character:  while  the  epithelial  lining  ia  aquamoua  in  type. 

fibrous  tissue,  leading  to  diffuse  or  circumscribed  nodular  or  peduncu- 
lated masses  of  vascular  new  tissue  in  the  vault  or  elsewhere  in  the 
pharynx,  called  "adenoids."' 

Phlegmonous  pharyngitis  may  occur  with  inflammations  of  the 
mucous  membrane,  with  caries  of  the  cervical  vertebrs,  with  inflammation 
of  the  cervical  and  parotid  glands,  with  periostitis  of  the  cranial  bones,  or 
it  may  occur  independently.  It  may  result  in  swelling  and  oedema,  in 
induration,  or  in  suppuration.  It  is  most  important  when  it  affects  the 
posterior  wall  of  the  pharynx  and  forms  retro-pharyngeal  abscesses. 
Such  abscesses  may  cause  death  by  suffocation. 

Diphtheritic  phaiyngltls  is  that  form  of  pseudo-membranous  or 
croupous  inflammation  of  which  the  Bacillus  diphtheria  is  the  ex- 
citant. The  general  characters  of  the  diphtheritic  infection  have  been 
considered   in    an   earlier  part   of  this   book.     The  local  process,  often 

■  See  p.  eSO.    For  a  study  of  the  uvula  in  various  abDonnal  conditiona  na  Horn.  Jour.  Exp.  Med., 
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affecting  the  fauces,  pharynx,  and  tonsils,  may  involve  the  mouth  as 
well  as  the  larynx  and  trachea.  (For  details  of  the  local  lesion 
see  p.  282.) 

Tonsillitis. — The  tonsils  may  share  in  the  inflammatory  processes  of 
the  pharynx  or  be  independently  affected.  The  structural  characters 
of  the  tonsils  render  them  liable  to  infection  and  involve  certain  pecu- 
liarities in  the  lesions.* 

In  Follicular  Tonsillitis  the  swollen  organ  shows  upon  section  an 
increase  in  the  number  of  the  lymphoid  cells  of  the  nodules  and  a  hyper- 
plasia of  the  endothelium  of  the  reticulum.  These  new-formed  and 
often  exfoliated  endothelial  cells  are  similar  to  those  found  in  the  lymph- 
nodes  in  general  in  the  presence  of  bacterial  or  other  toxic  substances. 
There  may  be  an  increase  in  the  cells  of  the  stroma  of  the  tonsil.  The 
epithelial  cells  of  the  surface  and  the  crypts  may  increase  in  number 
and  exfoliate.  Epithelial  cells  and  leucocytes  and  other  forms  of  exudate 
may  gather  in  the  crypts  or  over  the  surface  of  the  tonsil,  forming  white 
plugs  or  a  whitish  pellicle.' 

In  Exudative  Tonsillitis  (suppurative  or  phlegmonous  tonsillitis, 
quinsy)  there  are,  in  addition  to  hyperplasia  and  catarrhal  inflammation, 
oedematous  swelling  and  suppuration  often  leading  to  abscess. 

Acute  inflammation  of  the  pharynx  and  tonsils  is  usually  infectious 
in  character,  and  may  be  due  to  various  forms  of  pyogenic  and  other 
organisms.  Thus  in  tonsillitis  and  other  forms  of  acute  angina,  the  most 
common  micro-organisms  concerned  are  Streptococcus  and  Staphylo- 
coccus pyogenes,  the  pneumococcus,  and  the  Micrococcus  tetragenus. 
Many  other  forms  have  been  isolated.^ 

In  Chronic  Tonsillitis  (the  so-called  hypertrophy  of  the  tonsils) 
there  is  hyperplasia  of  the  lymph-nodules  with  increase  in  the  fibrous 
stroma.  The  mouths  of  the  crypts  may  be  occluded  and  distended  with 
exfoliated  cells  and  cell  detritus;  these  deposits  may  become  calcified.* 

Tuberculous  Pharyngitis. — Tuberculous  inflammation  of  the  pharynx 
may  be  primary  or  secondary  to  tuberculous  lesions  elsewhere;  ulcers 
may  form  and  the  tonsils  may  be  involved. 

The  hyperplasia  of  the  pharyngeal  mucosa  in  children,  commonly 
called  "adenoids,"  have  been  found  in  a  considerable  number  of  cases  to 
be  tuberculous.  Whether  in  these  instances  the  lesion  is  tuberculous  in 
origin  or  whether  the  hyperplastic  tissue  affords  a  portal  of  entry  and 
local  vulnerability  to  infection  by  the  tubercle  bacillus  is  not  yet  clear.' 

1  Consult  DobrowoUki,  "Lymph  Nodules  of  the  Larynx.  (EsophaKus,  etc.,"  Ziegler's  Beitr&ge 
s.  path.  Anat.,  Bd.  xvi.,  p.  43,  1894. 

'See  Hodenpyl,  "Anatomy  and  Phjrsiology  of  the  Faucial  Tonsils,"  Am.  Jour.  Med.  Sciences, 
vol.  ci.,  p.  257.  1891;  also  Packard,  Phila.  Med.  Jour.,  voL  v.,  1900,  pp.  914,  957.  For  a  study  of  the 
lymph  drainage  of  the  faucial  tonsils  see  Wood,  Am.  Jour.  Med.  Sci.,  vol.  cxxx.,  p.  216,  1905.  For  a 
study  of  absorption  in  the  tonsils  see  Wright,  N.  Y.  Med.  Jour.,  vol.  Ixxxiii.,  p.  17,  1906. 

'  For  a  study  of  actinomyces-like  structures  in  the  tonsillar  crypts  see  Oappisch,  Verh.  Deutsch. 
Path.  Ges.,  Bd.  ix,.  1905,  p.  130;  also  Wright,  Am.  Jour.  Med.  Sci.,  vol.  cxxviii.,  p.  74, 1904.  For  study 
of  bacteriology  and  pathology  of  tonsils  with  reference  to  articular  rheumatism  and  cardiac  disease  see 
Davis,  Jour.  Infect.  Dis.,  1912,  x,  148. 

*For  riaumi  of  tonsillar  calculi  with  bibliography  see  Robertson,  British  Med.  Jour.,  1899.  vol.  i., 
p.  14.  For  a  study  of  bone  in  tonsils  see  Lubarsch,  Virch.  Arch.,  Bd.  clxxvii,  p.  371,  1904;  also  Ruckert, 
ibid.,  p.  387. 

'For  a  study  of  hyperplasia  of  the  pharyngeal  lymphoid  tissue  (adenoids)  with  reference  to 
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The  possibility  should  be  bome  in  mind  that  from  tuberculous  "ade- 
noids" tubercle  bacilli  may  pass  through  the  lymph-channels  to  the 
bronchial  lymph-nodes,  and  that  the  pharynx  may  thus  be  a  more  impor- 
tant portal  of  entry  in  tuberculosis  than  has  been  hitherto  recognized. 

TUUORS. 
Flbronuta  grow  from  the  periosteum  of  the  bones  at  the  base  of  the 
skull,  and  project  into  the  cavity  of  the  pharynx  and  posterior  nares  in 
the  form  of  large  polypoid  tumors.     Soft  polypoid  tumors,  consisting 


Fio.  412, — "Adbhoio"  Poltp  or  PB*arNX. 

largely  of  loose  succulent  connective  tissue  and  lymphatic  tissue,  and 
often  called  "adenoid  poljfps"  (see  Fig.  412),  are  of  frequent  occurrence. 
They  are  usually  to  be  regarded  rather  as  hyperplasiie  than  true  tumors. 
Hairy  polyps  of  the  pharynx  have  been  described  by  Arnold'  and  others. 

primary  tubtrculnsit  of  the  phaiyngeal  tonsil  see  Lartigau  sod  Nicali,  Am.  Jour.  Med.  Se..  ToL  cxxiii^ 
1002,  p.  1031,  bibliography. 

Also  tor  a  study  of  the  tonsils  ae  portals  of  entry  of  tubercle  bacilli  see  v,  Schribnrr,  Ziesler'i  Beitr., 
Bd.  xivi.,  p.  Sil,  ISOS:  alao  Frudmann,  ibiti.,  Bd.  xxviii..  p.  66,  1900.  Aim  bibliocnpby  in  Wood, 
Bull.  Univ.  Penna..  vol.  xvi.,  1903.  p.  SOS.  See  also  reference  to  Grober.  p.  640.  For  reiation  of 
cervical  and  bronchial  lymph-nodea  in  tuberculous  infection  see  Briuke,  Vireh.  Arch..  Bd.  clxxxiT^ 
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Sarcoma,  carcinoma/  and  various  tumors  of  mixed  type  are  of  fre- 
quent occurrence  in  the  pharynx.^ 


The  (Esophagus. 

Malformations. 

Malformations  of  the  oesophagus  are  rare.  The  CBSophagus  may  be  entirely  absent 
or  its  lower  portion  may  be  present  and  joined  to  the  pharynx  by  a  solid  cord;  or 
the  pharynx,  or  the  lower  part  of  the  oesophagus,  may  be  continuous  with  the  trachea; 
or  the  entire  oesophagus  may  be  represented  by  a  solid  cord.  Dilatations  of  the  oesoph- 
agus and  division  of  the  middle  portion  of  the  oesophagus  into  two  branches  have  been 
observed.'     The  mucosa  may  be  folded  across  the  lumen  partially  occluding  it. 

PERFORATION  AND  RUPTURE. 

Foreign  bodies  in  the  oesophagus  may,  as  already  mentioned,  perfo- 
rate its  wall.  Perforation  of  the  oesophagus  from  without  may  be  pro- 
duced by  inflamed  bronchial  glands,  by  the  extension  of  cavities  and 
gangrene  of  the  lungs,  by  abscesses  in  the  mediastinum,  by  abscesses 
accompanying  caries  of  the  vertebrae,  alid  by  aneurisms  of  the  aorta. 
Rupture  of  the  wall  of  the  oesophagus  by  violent  coughing  and  vomiting 
has  been  described,  but  it  seems  improbable  that  this  should  occur  with- 
out some  previous  local  lesion.*  A  few  cases  of  perforating  ulcer  of  the 
oesophagus  have  been  recorded. 

HEMORRHAGE. 

Aside  from  injuries,  ulceration,  etc.,  haemorrhage  may  take  place 
from  the  lower  veins  of  the  oesophagus,  which,  in  obstructed  circulation, 
especially  in  atrophic  cirrhosis,  may  be  much  dilated — oesophageal  varices. 


6 


DHATATION. 

Simple  Cylinflrlcal  Dilatations  of  the  oesophagus  are  usually  the  result 
of  long-continued  stenosis  of  the  oesophagus  or  of  the  cardiac  end  of  the 
stomach,  although  not  nearly  all  the  stenoses  are  followed  by  dilatation. 
These  dilatations  are  formed  at  first  immediately  above  the  stenosis  and 
then  extend  upward.  Dilatation  may  occur  below  the  stricture.  Only 
in  rare  cases  does  the  dilatation  involve  the  whole  length  of  the  tube. 
The  entire  wall  of  the  dilated  portion  of  the  oesophagus  is  thickened,  and 
there  may  be  polypoid  growths  from  the  mucous  membrane. 

In  rare  cases  there  is  cylindrical  dilatation  of  part  or  of  the  whole  of 

*  For  a  study  of  carcinoma  originating  in  the  branchial  cleft  see  Powers,  Annals  of  Surgery,  Febru- 
ary,  1898. 

^  For  literature  of  malignant  disease  of  the  tonsils  consult  Netpman^  Am.  Jour.  Med.  Sciences, 
vol.  ciii.,  p.  487,  1892;  also  HonseU,  Beitr.  zur  klin.  Chirurgie,  Bd.  xiv..  1895. 

'  For  a  study  of  aberrant  islets  of  gastric  mucosa  in  the  upper  end  of  the  oesophagus  see  Schaffer^ 
Virch.  Arch.,  Bd.  clxxvii.,  p.  181,  1904. 

*  For  a  study  of  rupture  of  oesophagus  see  McWeeney,  Lancet,  1900,  vol.  ii.,  p.  158,  bibl. 
»See  Preble,  Am.  Jour.  Med.  Sci.,  vol.  cxix.,  p.  263,  1900. 
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the  CBsophagus  without  a  stenosis  or  any  discoverable  cause.  In  these 
cases  the  dilatation  is  usually  greatest  near  the  middle  of  the  oesophagus 
and  diminishes  upward  and  downward,  so  that  the  oesophagus  has  a  fusi- 
form shape.  The  dilatation  may  reach  a  very  considerable  degree,  the 
walls  of  the  oesophagus  are  thickened,  its  mucous  membrane  may  be 
covered  with  papillary  outgrowths  or  ulcerated. 

The  Sacculated  Dilatations  of  the  oesophagus  are  of  two  kinds:  those 
due  to  pressure,  and  those  due  to  traction. 

The  dilatations  due  to  pressure  are  situated  in  the  posterior  wall  of 
the  pharynx,  just  at  its  junction  with  the  oesophagus.  The  smaller  sacs 
are  from  the  size  of  a  pea  to  that  of  a  hazelnut;  the  larger  sacs  may 
reach  a  large  size  and  hang  down  between  the  oesophagus  and  the  verte- 
bral colunm,  the  opening  into  the  oesophagus  remaining  comparatively 
small.  It  is  supposed  that  a  limited  area  of  the  wall  of  the  oesophagus 
loses  its  power  of  resistance  against  the  pressure  exercised  upon  it  in 
each  act  of  swallowing;  it  then  is  forced  outward  by  the  pressure,  and 
so  there  is  formed  first  a  protrusion  and  then  a  sac.  When  a  sac  is 
formed  the  food  enters  it,  accumulates  there,  and  the  sac  becomes  larger 
and  larger. 

The  dilatations  due  to  traction  are  situated  on  the  anterior  wall  of 
the  oesophagus,  at  a  point  nearly  corresponding  to  the  bifurcation  of 
the  trachea.  They  are  of  funnel  shape,  with  the  small  end  outward. 
Their  length  varies  from  two  to  twelve  millimetres;  the  width  of  the 
opening  into  the  oesophagus  is  from  six  to  eight  millimetres. 

These  dilatations  are  due  to  inflammation  of  the  parts  adjoining  the 
oesophagus,  especially  of  the  bronchial  nodes,  followed  by  adhesions  to 
some  part  of  the  anterior  wall  of  the  oesophagus.  These  adhesions  then 
contract  and  draw  the  wall  of  the  oesophagus  outward,  and  in  this  way 
the  dilatations  are  formed. 

At  a  later  time  these  sacs  may  perforate  into  the  bronchi,  the  lungs, 
the  pleural  cavity,  the  pericardium,  the  aorta,  or  pulmonary  artery.^ 

STENOSIS. 

Congenital  Stenosis. — Besides  the  defects  of  development  of  the 
oesophagus  which  are  incompatible  with  life,  there  may  be  a  congenital 
stenosis  of  some  part  of  it  which  causes  difficulty  in  swallowing,  but  yet 
does  not  destroy  life. 

Compression  Stenosis  is  not  uncommon.  Tumors  of  the  neck  and 
mediastinum,  and  aneurisms  of  the  aorta  are  the  usual  causes.  Stenosis 
from  vertebral  ecchondroses  has  been  reported.^ 

Obstruction  Stenosis. — Foreign  bodies  may  be  lodged  in  the  oesopha- 
gus. Tumors  may  hang  down  from  the  pharynx  into  the  oesophagus,  or 
may  be  situated  in  the  wall  of  the  oesophagus.     Inflammation  of  the 

1  For  bibliography  of  cesophageal  diverticula  see  Broach,  Deutsch.  Arch.  f.  klin.  Med.,  Bd.  Ixvii., 
p.  44,  1900;  also  Starck,  Arch.  f.  Verdkr.,  Bd.  vii.,  1901,  p.  1.     For  later  cases  see  P/aff,  Trans. 
Am.  Phys..  vol.  xvi.,  1901,  p.  656. 

'  See  Zahn,  Munch,  raed.  Wochenschr.,  May  8th,  1906. 
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oesophagus,  due  to  the  ingestion  of  irritating  poisons,  may  induce  cica- 
tricial stenosis.  A  few  cases  of  stenosis  due  to  syphilitic  inflammation 
have  been  reported. 

INFLAMMATION.     (CEsophagitis.) 

Catarrhal  (Esophagitis  may  be  either  acute  or  chronic.  The  chronic 
form  may  lead  to  ulceration,  or  relaxation  and  dilatation  of  the  walls, 
or  to  hypertrophy  of  the  muscular  coat.     Leukoplakia  is  not  uncommon. 

Pseudo-membranous  OBsophagitis  may  occur  with  a  similar  process  in 
the  pharynx,  with  the  exanthemata  and  other  severe  diseases,  or  under 
other  conditions.  It  may  be  diphtheritic  in  character  or  due  to  other 
excitants  than  the  diphtheria  bacillus. 

Other  Forms  of  Inflammation  of  the  (Esophagus. — ^Foreign  bodies 
which  are  swallowed  and  become  fixed  in  the  oesophagus  may  incite 
inflammation  of  the  mucous  membrane  and  of  the  adjoining  soft  parts. 
Abscesses  may  form  around  the  oesophagus,  or  destroy  the  wall  of  the 
canal,  and  the  foreign  body  may  find  its  way  into  the  trachea,  aorta,  or 
pericardium. 

Inflammation  of  the  submucous  tissue  of  the  oesophagus,  apart  from 
the  cases  just  mentioned,  is  not  common.  It  may  result  in  abscess  or 
the  formation  of  fibrous  tissue,  causing  stenosis. 

Irritating  and  caustic  acids  and  alkalies  may  destroy  larger  or  smaller 
portions  of  the  mucous  membrane.  The  necrosed  portions  are  of  a  black 
or  whitish  color,  surrounded  by  a  zone  of  intense  congestion.  If  the 
patient  recover,  the  patches  of  membrane  which  have  been  destroyed 
slough  and  fall  off,  leaving  a  surface  covered  by  granulation  tissue.  As 
this  assumes  cicatricial  characters  and  contracts,  serious  stenosis  of  the 
oesophagus  may  be  produced. 

Tuberculous  OBsophagitis  may  occur  in  generalized  miliary  tuberculo- 
sis or  by  local  infection  from  tuberculous  sputa,  either  with  or  without 
obvious  predisposing  local  lesion,  or  through  an  extension  of  a  tubercu- 
lous process  from  adjacent  structures.     Ulceration  is  apt  to  occur.  ^ 

Syphilitic  (Esophagitis. — There  may  be  gummata  which  encroach  upon 
the  lumen,  or  ulceration  followed  by  cicatrices  may  lead  to  stenosis. 

TUMORS. 

Small  Papillomata  may  occur  singly  or  in  considerable  numbers 
throughout  the  entire  length  of  the  oesophagus.  Large  papillary  tumors 
are  more  rare.  Small  submucous  fibromata  and  lipomata,  angiomatay 
and  leiomyomata  of  considerable  size  may  occur  in  the  oesophagus.  Sar- 
comata are  rare.'    Adenomata  and  myxomata,  have  been  observed. 

Carcinoma  may  originate  at  any  part  of  the  wall  of  the  pharynx  and 
oesophagus.     The  tumor  may  encircle  the  tube;  it  may  remain  as  a  flat 

>  For  bibliography  of  tuberculous  oesophasitis  see  Flexner,  Johns  Hopkins  Hosp.  Bull.,  voL  iv.,  p.  4, 
1893;  and  also  Cone,  ibid.,  vol.  viii.,  p.  229,  1897. 

*  Livingood,  Johns  Hopkins  Hosp.  Bull.,  voL  ix.,  p.  159,  1898,  bibl. 
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infiltration  (Fig,  413),  or  project  inward  in  large,  fungous  masses.  In 
either  case  it  is  prone  to  ulceration.  The  growth  may  extend  up  and 
down  the  cesophagus,  and  even  involve  the  pharynx  or  stomach.  The 
ulcerative  process  may  extend  outward  so  as  to  lead  to  perforation  into 
the  air  passages,  the  lungs,  pleurae,  pericardium,  and  large  blood-vessels. 
The  new  growth  may  extend  outward  and  infiltrate  the  surrounding  soft 
parts,  so  that  the  oesophagus  is  surrounded  by  large,  solid,  cancerous 
masses.     Metastatic  tumors  are  also  sometimes  formed.' 


Cysts. — Small  retention  cysts  of  the  follicles  of  the  mucous  membrane 
are  sometimes  found.  Larger  cysts  of  the  cesophagus  lined  with  ciliated 
epithelium  have  been  described." 


HaUonnations. 

Malformations  of  the  gtomach  are  not  common.  The  organ  may  be  entirely  want- 
ing in  acephalous  fcetuses.  It  may  be  of  various  degrees  of  smallnesa,  sometimes  no 
larger  than  the  duodenum.  It  may  be  divided  into  two  halves  by  a  deep  constriction 
in  the  middle.  It  may  be  vertically  placed.  Diverticula  are  noted.  The  stomach 
may  be  outaide  of  the  abdominal  cavity  from  a  hernial  protrusion  through  the  dia- 
phragm or  at  some  point  in  the  abdominal  wall.  It  is  found  on  the  right  side,  instead 
of  the  left,  when  the  other  viscera  are  transposed,  and  the  position  of  the  cardiac  and 
pyloric  oriGces  is  correspondingly  inverted. 

Congenital  stenosis  of  the  pylorus  in  infants  is  of  occasional  occurrence.     It  is  com- 

■Forar^iunUortumoRof  thecHophagiuseeCoplin,  Am.  Med..  vi1.  vii..  lB04.p.T73. 
■  For  recent  bibliography  of  leskms  of  OGBophBgusam  TAori-f,  Lubarsijh  and  OaUrtoc's  "EisebnisK, 
JabH.  V.  tor  IS08.  p.  128. 
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monly  due  to  fibrous  h3rperpla8ia  of  the  submucosa,  sometimes  involving  the  internal 
muscular  layers.^ 

Cadaveric  Changes. 

The  mucous  membrane  of  the  stomach  is  liable  to  undergo  considerable  alterations 
soon  after  death,  owing  to  changes  in  the  distribution  and  composition  of  the  blood  and 
to  the  action  of  the  digestive  fluids.  The  blood  is  apt  to  collect  in  the  small  veins, 
especially  at  the  fundus,  while,  by  diffusion  of  the  coloring  matter,  red  or  brown  or 
black  streaks  and  patches  form  in  the  mucous  membrane. 

Those  portions  of  the  mucosa  on  which  the  food  and  digestive  fluids  collect,  usually 
at  the  fundus  and  on  the  posterior  aspect  of  the  stomach,  frequently  appear  gray  and 
turbid,  and  are  soft  and  easily  rubbed  off.  The  epithelium  in  these  regions  is  unusu- 
ally granular  or  disintegrated,  and  is  often  detached.  Sometimes  this  post-mortem 
softening  involves  the  entire  thickness  of  the  stomach  wall,  which  is  converted  into  a 
gray  or  yellow  or  brown  gelatinous  pulp.  Thus  large  or  small  post-mortem  perfora- 
tions may  occur. 


mjURIES. 

Perforating  wounds  of  the  stomach  usually  give  rise  to  a  fatal  perito- 
nitis. It  is  possible,  however,  for  the  wound  to  heal,  or  a  gastric  fistula 
may  be  formed. 

Rupture  of  the  stomach  may  be  produced  by  severe  blows  or  falls. 

HAEMORRHAGE.     (Haematemesis.) 

Small  extravasations  of  blood  in  the  wall  of  the  stomach  are  fre- 
quently found  in  persons  who  have  died  from  one  of  the  infectious 
diseases. 

Haemorrhage  into  the  cavity  of  the  stomach  may  occur  in  a  variety 
of  ways.  It  may  take  place  from  injuries  or  poisons;  from  ulcers  or 
carcinoma;  from  rupture  of  small  aneurisms  of  the  stomach,  or  from  the 
rupture  into  the  stomach  of  aneurisms  elsewhere.  It  may  occur  in 
infectious  diseases,  especially  in  yellow  fever,  or  in  diseases  of  the -blood. 
It  may  be  associated  with  passive  congestion  of  the  stomach  in  hepatic 
cirrhosis  of  the  liver,  obstruction  of  the  portal  vein,  chronic  disease  of 
the  heart  and  lung;  with  an  enlarged  spleen,  and  in  chronic  gastritis.  In 
the  new-born  and  young  infants  haemorrhage  into  the  stomach  not  infre- 
quently occurs  without  apparent  lesions  which  would  account  for  it;  or 
there  may  be  ulcers  of  the  mucous  membranes,  or  cardiac  disturbances, 
or  infection.  While  the  source  of  haemorrhage  into  the  stomach  is  often 
evident,  in  many  cases  none  can  be  discovered.  Considerable  bleeding 
can  evidently  take  place  by  diapedesis  in  congested  vessels. 

Some  cases  of  chronic  gastritis  are  characterized  by  general  bleeding 
from  the  mucous  membranes  of  the  stomach.' 

>  See  MeUzer,  N.  Y.  Med.  Record,  vol.  liv.,  p.  253,  1898,  bibl.;  also  RoUetton  and  Crofton  Atkins, 
Brit.  Med.  Jour.,  1900,  vol.  ii..  p.  1768;  also  TTocAenAeim,  Am.  Jour.  Med.  Sci.,  vol.  cxxiz..  p.  636, 1905. 

>  For  a  study  of  occult  hsemorrhace  in  the  gastro-intestina  canal  see  Jatcoraki  and  Korolewict 
Wiener  klin.  Wochenschr.,  p.  1129,  1906. 
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ATROPHY  AND  DEGEHERATIOH. 


Atrophy  of  the  stomach  occurs  in  a  variety  of  cachectic  conditions, 
in  chronic  inflammation,  and  in  stenosis  of  the  cardiac  orifice. 

Albuminous  degeneration  of  the  epithelium  may  occur  in  infectious 
diseases  and  in  inflammation  of  the  stomach. 


FiTTT    DiaEKKBATIOH 


Fatty  degeneratton  is  often  associated  with  arsenic  and  phosphorus 
poisoning  (Fig.  414). 

Amyloid  degeneration  of  the  small  vessels  is  associated  with  a  similar 
process  in  other  parts  of  the  body. 

raFLAHHATIOH.     (Gastritis.) 

Acute  Catarrhal  Gastritis  is  usually  due  to  the  ingestion  of  irritating 
decomposing  or  infectious  substances  and  may  accompany  general 
infectious  diseases. 

After  death  the  mucous  membrane  may  be  congested  and  swollen, 
or  the  congestion  may  have  disappeared.  The  mucous  membrane  is 
coated,  with  an  increased  amount  of  mucus,  especially  at  the  pyloric  end 
of  the  stomach. 

The  structural  changes  in  the  mucous  membrane  consist  chiefly  in 
swelling  and  albuminous  degeneration,  and  sometimes  exfoliation  of  the 
epithelium  with  an  increase  in  the  production  of  mucus  by  the  cylindrical 
cells  (Fig.  415),  while  the  intertubular  tissue  and  the  submucosa  may  be 
oedematous  and  contain  a  few  emigrated  leucocytes.  The  solitary  lymph- 
nodules  may  be  enlarged  from  hyperplasia,  and  htemorrhagic  erosions 
may  be  present. 

Chronic  Gastritis. — This,  with  the  continuance  of  the  exciting  condi- 
tions, may  follow  the  acute  form.  It  is  often  associated  with  the  persist- 
ent use  of  alcohol,  with  ulcers  and  carcinoma,  with  venous  congestion 
from  heart  leaions,  cirrhosis  of  the  liver,  obstruction  of  the  portal  vein 
or  ascending  vena  cava,  or  chronic  diffuse  nephritis.  These  are  doubtless 
predisposing  conditions  rather  than  actual  excitants  of  the  disease. 

The  stomach  may  be  normal  in  size  or  small  or  dilated.     Its  inner 
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surface  is  usually  covered  with  tenacious  mucus.     The  mucous  mem- 
brane may  be  congested  with  minute  haemorrhages  or  erosions,  or  it  may 


Fid.  *1S.— AcDTB  I 


le  open  ends  of  tno  gxatrje  tubuk*.  There  is  ■  ooosidcrable  fonnation  of  muc 
Duny  of  whicb  have  tbe  w-uUed  "beaker"  farm.  Tbera  is  exfoliation  of  ej 
iciu  uid  Bt  few  leucocvt«H  and  red  blood  cells,  oovd  the  surface  of  the  mu« 


be  pale  and  gray  or  pigmented  from  former  haemorrhages.     It  may  be 
thickened  or  thinner  than  normal.     Often,  owing  to  irregiilar  thickening, 

it  projects  in  places  in  the  form  of  minute  granules,  or  it  is  irregularly 


Fio.  4IS. — Cbhohic  O&stbitis. 

iwing  a  small  portion  of  the  new-lonood  tissue  between  the  gaatri 

polyhedral  cells  izi  the  new  tissue. 


roughened — &at  mamelonni — or  there    may  be  distinct  polypoid  out- 
growths.    These    alterations  are  usually  most  marked   in  the  pyloric 
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region.  Microscopical  examination  shows  alterations  varying  in  differ- 
ent parts  of  the  organ  and  in  different  stages  of  the  disease.  The  surface 
epithelium  may  be  degenerated  and  exfoliated.  The  detached  epithe- 
lium with  leucocytes  may  be  mingled  with  the  mucus  covering  the  surface. 
The  gastric  glands  may  be  variously  altered.  They  may  be  dilated,  or 
elongated  and  tortuous,  or  hyperplastic'  or  atrophied;  their  epithelium 
may  be  flattened,  degenerated,  or  detached.  The  interstitial  tissue  and 
the  aubmucosa  may  be  infiltrated  with  small  spheroidal  cells  or  new- 
formed  larger  polyhedral  cells  (Fig.  416),  and  new  fibrous  tissue  may 
form  (Fig.  417),  thus  often  greatly  thickening  the  mucous  membrane 
and  causing  atrophy  of  the  glands.  The  lymph-nodules  at  the  base  of 
the  glands  may  be  enlarged  from  hyperplasia.     On  the  other  hand,  the 


.8. — Chbonic  Gasthitis. 


mucous  membrane,  as  contraction  takes  place  in  the  new-formed  intersti- 
tial tissue,  may  undergo  great  atrophy  (Fig.  418),  so  that  it  is  pale,  thin, 
often  gray  in  color,  with  more  or  less  pigmentation. 

The  formation  of  new  fibrous  tissue  may  later  involve  the  muscularis 
also,  leading  to  various  distortions  of  the  stomach. 

Croupous  Gastritis  (Membranous  or  Diphtheritic  Gastritis). — This 
form  of  gastric  inflammation,  most  common  in  children,  may  be  asso- 
ciated with  diphtheria  or  with  other  infectious  diseases,  but  may  occur 
independently.  In  adults  it  is  usually  secondary  to  typhus  fever, 
pneumonia,  pyaemia,  typhoid  fever,  the  exanthemata,  and  other  infec- 
tions, and  may  follow  the  ingestion  of  irritant  poisons.  The  excitants 
are  thus  of  the  most  varied  kinds,  as  is  the  case  in  pseudo-membranous 
inflammation  elsewhere  in  the  body.  The  false  membrane  may  be  in 
small  patches  or  line  a  considerable  portion  of  the  stomach. 

Exudative  Gastritis   (Suppurative  or  Phlegmonous  Gastritis). — This 

See  Cone,  '■  Welch  Anniveraaiy  Contributions  to  the  Science  of  Medicine,  p.  877, 1900,  bibL 
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process  is  characterized  by  the  formation  of  purulent  and  other  exudate 
in  the  connective  tissue  of  the  mucosa  and  submucosa.  The  exudate  may 
be  diflfuse  or  localized  in  the  form  of  abscess.  As  an  independent  affec- 
tion it  is  rare.  It  is  more  frequent  in  connection  with  puerperal  fever 
and  other  infectious  diseases;  it  has  been  ascribed  to  injury. 

The  accumulation  of  exudate  may  be  slight,  the  interglandular  and 
submucous  tissue  being  oedematous  with  few  pus  cells.  The  mucous 
membrane  may  under  these  conditions  remain  intact  or  show  slight 
catarrhal  lesions.  When  this  relatively  slight  accumulation  of  exudate 
occurs  in  the  pyloric  region  it  may  apparently  occasion  temporary 
stenosis.  On  the  other  hand,  a  considerable  or  large  amount  of  exudate 
may  form,  and  the  process  may  involve  diffusely  a  large  part  of  the  wall 
of  the  stomach;  or  the  process  may  be  circumscribed  and  abscesses  may 
form.  The  suppurative  process  may  extend  to  the  mucous  membrane, 
or  to  the  serosa,  and  thus  perforations  may  occur  and  the  incitement 
of  peritonitis.  Little  is  known  of  the  direct  excitants  of  phlegmonous 
gastritis.*    Streptococcus  pyogenes  has  been  found  in  the  exudate.^ 

Toxic  Gastritis. — The  mineral  acids,  the  caustic  alkalies,  arsenic, 
corrosive  sublimate,  and  the  metallic  salts,  phosphorus,  camphor,  and 
other  irritating  materials,  induce  diflferent  lesions  of  the  stomach,  accord- 
ing to  their  quantity,  their  strength,  and  the  length  of  time  which  has 
elapsed  before  death. 

In  large  quantities  they  destroy  and  convert  into  a  soft,  blackened 
mass  both  the  mucous  membrane  and  the  other  coats,  so  that  perforation 
may  take  place.  In  smaller  quantities  they  produce  black  or  white 
sloughs  of  the  mucous  membrane,  surrounded  by  a  zone  of  intense  con- 
gestion. If  death  does  not  soon  ensue,  the  ulcerative  and  cicatricial 
processes  which  follow  such  sloughs  may  contract  and  deform  the  stom- 
ach in  various  ways. 

If  the  poisons  are  of  less  strength  they  may  induce  a  diffuse  conges- 
tion of  the  mucous  membrane,  with  catarrhal  or  croupous  exudation  on 
its  surface  and  serous  infiltration  of  the  submucous  coat  (see  chapter  on 
Poisons). 

Tuberculous  Gastritis  of  the  stomach  is  rare  and  is  usually  secondary 
to  tuberculous  lesions  elsewhere.  There  may  be  miliary  tubercles  or 
small  or  large,  single  or  multiple  ulcers  involving  especially  the  mucosa 
and  submucosa.' 

Syphilitic  Inflammation  of  the  stomach  with  ulceration  has  been 
occasionally  observed.* 

^  Reference  to  the  bibliography  of  micro-oiiganisms  of  the  normal  stomach  may  be  found  in  an 
article  by  Weiss  on  "  Bacteria  in  the  Stomach  of  the  Cat,"  Jour,  of  Applied  Microscopy,  vol.  iii.,  p.  827, 
1900;  abo  Coyon,  "Flore  microbienne  de  I'estomac,"  Th^se  de  Paris,  1900,  bibliography.  For  bibL  of 
phlegmonous  gastritis  see  Leith,  Edinbuiigh  Hospital  Reports,  vol.  iv.,  p.  51,  1896.  For  a  later  study  see 
Schnarrwyler,  Arch.  f.  Verdkr.,  Bd.  xii.,  p.  116, 1906,  bibl. 

'  See  KinnicuU,  Trans.  Assn.  Am.  Phys.,  vol  xv.,  p.  127,  1900,  bibl.  For  a  study  of  lesions  of  the 
stomach  as  portals  of  entry  of  bacteria  see  James,  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  72,  1901. 

*  For  tuberculosis  of  the  stomach  see  Detcey,  Jour.,  Infect.  Dis.,  1913,  xii,  236. 

^  Consult  for  bibliography  Flexner,  American  Journal  of  Medical  Sciences,  vol.  cxvi.,  p.  424,  1898. 
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ULCERS  OF  THE  STOBUCH. 


Cliroiilc  Perforating  Ulcer. — This  form  of  ulcer  is  often  seen;  accord- 
ing to  Brinton,  in  five  per  cent,  of  persons  d3ring  from  all  causes.  It 
occurs  in  females  nearly  twice  as  frequently  as  in  males.  As  regards  the 
age,  Brinton  concludes  that  the  liability  of  an  individual  to  become  the 
subject  of  gaatric  ulcer  gradually  rises,  from  what  is  nearly  a  zero  at  the 
age  of  ten,  to  a  high  rate,  which  it  maintains  through  the  period  of  mid- 
dle life;  at  the  end  of  which  period  it  again  ascends,  to  reach  its  maximum 
at  the  extreme  age  of  ninety. 

The  analysis  of  793  hospital  cases  by  Welch'  shows  that  the  ulcers 
were  on  the  lesser  curvature  in  288,  in  the  posterior  wall  in  235,  at  the 
pylorus  in  95,  on  the  anterior  wall  in  69,  at  the  cardia  in  50,  at  the  fundua 
in  29,  on  the  greater  curvature  in  27. 


I  ceatnil  part  of  the  round  ulcer 

^  As  regards  the  number  of  ulcers,  two  or  more  are  present  in  about 
twenty-one  per  cent. ;  there  may  be  two,  three,  four,  or  even  five  ulcers. 
In  cases  of  multiple  ulcers  these  are  often  developed  successively. 

In  size  the  ulcers  vary  from  one-quarter  of  an  inch  to  five  or  six 
inches.  They  are  usually  of  circular  shape,  sometimes  oval;  sometimes 
two  or  more  are  fused  together. 

|yj  The  ulceration  is  largest  in  the  mucous  membrane  (Fig.  419).  It 
may  remain  confined  to  this,  or  extend  outward  and  involve  the  connec- 
tive tissue,  muscular  and  peritoneal  coats,  its  diameter  becoming  smaller 
as  it  advances.  The  ulcer  looks  like  a  clean  hole  punched  out  of  the 
wall  of  the  stomach  (Fig.  420).  Its  floor  may  show  no  active  inflamma- 
tory changes.  Its  edges  may  be  in  the  same  condition,  or  they  may  be 
thickened  by  the  growth  of  connective  tissue  and  cell.  The  rest  of  the 
mucous  membrane  of  the  stomach  is  apt  to  be  in  a  condition  of  chronic 
catarrhal  inflammation. 

The  ulcer  may  perforate  directly  through  the  wall  of  the  stomach,  and 
the  contents  of  the  latter  are  discharged  into  the  peritoneal  cavity;  or 

■  WiUk.  Pepper's  ■•Sj-slem  of  Praclioal  Medicine,"  vor,  ii.,  p.  504. 1SS5.     MiBy 
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adhesions  are  formed  between  the  wall  of  the  stomach  and  the  neighbor- 
ing viscera,  so  that  the  bottom  of  the  ulcer  is  closed;  or  if  the  liver,  the 
intestines,  or  the  abdominal  wall  become  adherent,  these  may  be  invaded 
by  the  ulcerative  process,  and  cavities  or  fistulte  are  formed  communi- 
cating with  the  stomach;  or,  if  the  adhesions  are  incomplete,  a  local 
peritonitis  and  collections  of  pus  may  be  developed.  Perforation  may 
take  place  into  the  colon  or  duodenum,  or  into  the  pericardium  or  pleura. 
During  the  progress  of  the  ulcer  there  may  be  repeated  small  hsmor- 
rhages  from  the  erosion  of  small  blood-vessels,  or  large  haemorrhages 
from  the  erosion  of  larger  arteries. 


In  many  cases  these  ulcers  cicatrize,  and  such  a  cicatrization  may 
produce  various  deformities  of  the  stomach. 

The  origin  of  such  ulcers  is  often  obscure.  It  seems  probable  that 
the  nutrition  of  a  circumscribed  part  of  the  wall  of  the  stomach  is  inter- 
fered with,  and  that  this  portion  is  then  destroyed  by  the  action  of  the 
gastric  juice.  But  we  are  in  moat  cases  still  ignorant  of  the  way  in  which 
the  obliteration  of  the  arteries  is  effected.  It  has,  indeed,  been  demon- 
strated in  animals  that  an  artificial  embolism  of  the  branches  of  the 
gastric  arteries  may  lead  to  ulcers  of  the  stomach;  and  in  the  human 
stomach  we  occasionally  find  cases  of  embolism  of  the  branches  of  the 
gastric  artery  and  ulcers.  But  the  clinical  history  of  most  cases  of  ulcer 
of  the  stomach  does  not  correspond  with  such  a  mode  of  origin.  A 
chronic  obliterating  endocarditis  would  seem  to  be  a  more  probable 
cause.  The  possibility  of  a  bacterial  origin  in  some  cases  should  not  be 
overlooked. 

Follicular  Ulcers,  similar  to  those  in  the  small  intestine,  are  of  occa- 
sional occurrence  in  the  stomach.  They  are  formed  by  the  degenerative 
changes  and  necrosis  in  the  solitary  lymph-nodules  of  the  stomach. 

For  Tuberculous  Ulcers,  see  above. 
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Haemorrhagic  Erosions  occur  as  rounded  spots  or  narrow  streaks, 
formed  by  a  loss  of  substance  of  the  mucous  membrane.  The  mucous 
membrane  at  these  points  may  be  congested,  soft,  and  covered  by  small 
blood-clots.  The  destruction  of  the  mucous  membrane  is  usually  super- 
ficial, but  may  involve  its  entire  thickness.  The  internal  surface  of  the 
stomach  may  be  studded  with  these  erosions.  They  give  rise  to  repeated 
haemorrhages,  and  are  accompanied  by  catarrhal  inflammation  of  the  rest 
of  the  mucous  membrane. 

They  occur  at  all  periods  of  life,  even  in  infants.  Their  usual  seat  is 
the  pyloric  portion  of  the  stomach.  They  may  occur  independently  of 
other  obvious  lesions,  but  are  most  frequent  in  connection  with  chronic 
congestion  of  the  mucosa,  chronic  gastritis,  in  infectious  diseases,  and 
intoxications. 

DILATATION  AND  DISPLACEMENT. 

Very  considerable  degrees  of  dilatation  of  the  stomach  are  found  at 
autopsies,  without  stenosis  of  the  pylorus  or  other  mechanical  cause  to 
account  for  them.  It  is  usually  difficult  to  determine  how  long  these 
dilatations  have  existed  and  their  influence  in  the  illness  or  death. 

Acute  dilatation  of  the  stomach,  with  vomiting  of  very  large  quanti- 
ties of  thin  fluid,  has  been  observed  in  a  few  cases,  the  dilatation  being 
developed  suddenly  and  without  discoverable  cause. 

Of  the  mechanical  factors  which  lead  to  dilatation  of  the  stomach  a 
stenosis  of  the  pylorus  is  the  most  common.  Such  a  stenosis  may  be 
effected  by  a  tumor,  by  chronic  inflammation  and  thickening,  and  by  the 
cicatrization  of  ulcers.  Less  frequently  obstructions  of  the  small  and 
large  intestines  act  in  the  same  way.  Some  forms  of  chronic  gastritis  are 
attended  with  dilatation  of  the  stomach  without  stenosis.  In  rare  cases 
circumscribed,  sacculated  dilatations  are  produced  by  the  presence  of 
foreign  bodies — portions  of  wood,  metal,  etc. 

The  stomach  may  be  variously  displaced  by  pressure  from  without. 

TUMORS. 

Papillomata. — It  has  already  been  mentioned  that  in  some  cases  of 
chronic  gastritis  there  are  small,  pol}'poid  hypertrophies  of  the  mucous 
membrane.  Besides  these  we  find  polypoid  tumors  which  may  reach  a 
considerable  size.  They  are  composed  of  a  connective-tissue  stroma 
arranged  in  tufts  covered  with  cylindrical  epithelium.  In  some  cases 
there  are  also  tubules  lined  with  cylindrical  epithelium,  so  that  the  tumor 
has  partly  the  structure  of  an  adenoma  (Fig.  421).  Fibromata  of  small 
size  are  sometimes  found  in  the  connective-tissue  coat.  Lipomata  are 
formed  in  the  submucous  connective  tissue  in  the  shape  of  rounded  or 
polypoid  tumors.  They  usually  project  inward,  but  sometimes  outward 
beneath  the  peritoneum.  They  may  also  appear  in  the  form  of  numer- 
ous yellow  nodules  beneath  the  mucous  membrane. 

Myomata  occur  in  the  form  of  rounded  tumors  which  originate  in  the 
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muscular  coat,  but  may  gradually  separate  themselves  from  it  and  pro- 
ject inward  or  outward.  The  submucous  myomata  are  at  first  small 
tumors  lying  loosely  attached  in  the  submucous  tissue.  As  they  grow 
larger  they  push  the  mucous  membrane  inward  and  take  the  shape  of 
polypoid  tumors.  Small  multiple  angiomata  may  be  found  in  the  stom- 
ach in  connection  with  similar  tumors  in  the  submucosa  throughout 
the  gastro -intestinal  canal.'  Lymphomata  in  the  wall  of  the  stomach 
are  seen  in  some  cases  of  leuksemia. 

Sarcomata  of  the  stomach  are  rare.  In  some  of  the  tumors  of  the  wall 
of  the  stomach,  which  are  ordinarily  called  cancerous,  the  structure  is 
not  well  defined,  and  it  is  possible  that  some  of  them  are  sarcomata- 
Sarcomata  of  the  stomach  may  be  round-celled  or  spindle-celled,  and 
mixed  forms  occur — myxo-sarcoma,  angio-sarcoma,  etc' 


FiQ.  421.— Shall  Pafili.art  Adbnoiu  or  te«  Stom 


Adenoma. — It  has  been  already  mentioned  that  in  some  of  the  papil- 
lary tumors  of  the  mucous  membrane  there  is  a  considerable  growth  of 
tubules  lined  with  cylindrical  epithelium  (Fig.  421),  Besides  these  we 
find  in  the  submucous  coat  circumscribed  tumors  composed  of  tubules 
irregular  in  form  and  lined  with  one  or  more  layers  of  cylindrical  epithe- 
lium, like  those  of  the  gastric  mucous  membrane,  (See  Adeno-carcinoma 
below,) 

Carcinoma  of  the  stomach  is  usually  primary,  but  is  occasionally  sec- 
ondary to  cancer  elsewhere.     It  is  of  relatively  common  occurrence,  the 

'  See  nterenCH  to  Bmnickt  BJiil  MacCaUum,  foot-note,  p.  6SS, 

■Se«  Dock,  Traos.  Ann.  Amer.  Pfays.,  vol.  xv.,  p.  ISA.  1900,  bibl.;  also  Fenaick.lAacet.voL 
1.,  p.  463,1901,  bibl.:  also  Corner  and  J'atrbaiiibj,Pnictitioaer.lxxii..S10.  1904. 
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Btomach  in  Welch 's  analysis  of  over  30,000  cases  being,  next  to  the  uterus, 
the  organ  most  frequently  affected. 

The  situation  in  Welch's  summary  of  1,300  cases'  was:  in  the  pyloric 
region,  791;  lesser  curvature,  148;  cardia,  104;  posterior  wall,  68;  involv- 
ing a  greater  part  of  the  stomach,  61;  greater  curvature,  34;  anterior 
wall,  30;  fundus,  19;  multiple  tumors  in  45  cases.  Carcinoma  of  the 
stomach  is  rare  in  childhood.' 

Carcinomata  of  the  stomach  occur  in  various  forms.  There  may  be 
larger  or  smaller,  fiat  or  rounded  or  lobulated  growths  projecting  from 


Fio.  432.— Cahcihou  of  thi  Stoiucb.     (Pylorio  Region.) 

the  inner  surface  of  the  stomach  (Fig.  422).  The  mucous  membrane 
over  them  may  be  intact  or  with  a  portion  of  the  tumor  may  ulcerate. 
The  destructive  process  may  advance  so  that  some  of  the  ragged  or 
smooth-edged  ulcers  may  reach  a  large  size.  The  wall  of  the  stomach 
may  be  involved;  peritoneal  adhesions  may  form,  or  perforation  may 
occur.     On  the  other  hand,  the  carcinoma  may  grow  in  the  form  of  a 

'  Welch,  Peppcr'i  "SyBtan  of  Practical  Mediiioe,"  vol.  ii..  p.  561,  IS85. 

'  See  Oiltr  and  McCrae  on  "Csrcinonui  of  the  Stomach  io  Ihe  Youni,"  N.  Y.  Med.  Jour.,  voL  lui. 

p.  5S1,  leoo. 


diffuse  infiltration  of  the  wall  of  the  stomach  (Fig.  423).  Such  tumors 
are  less  liable  to  ulcerate.  They  may  be  overlooked  or  mistaken  for  a 
chronic  inflammatory  lesion. 


Metastatic  tumors  in  the  liver,  the  lymph-nodes,  and  the  peritoneum 
are  common,  but  such  metastases  may  occur  in  any  part  of  the  body. 
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The  most  commoQ  type  of  carcinoma  of  the  stomach  is  the  medullar}', 
or  so-called  adeno-carcinoma,  in  which  often  to  a  considerable  extent  the 
glandular  type  is  maintained  in  many  parts  of  the  growth  (Fig.  246, 
p.  400).  The  cylindrical  or  polyhedral  epithelial  cells  line  variouBly 
shaped  alveoli,  which  frequently  maintain  well-marked  lumina.  Cystic 
distention  of  these  may  occur. 

Fibrous  carcinoma,  scirrhus,  is  the  next  most  frequent  type,  and  such 
are  often  the  infiltrating  forms  (Fig.  266,  p.  414), 

The  third  type,  gelatinous  carcinoma  (Fig.  267,  p.  415),  often  forms 
extensive  growths  and  is  apt  to  invade  adjacent  structures  and  to  estab- 
lish metastases.' 


Fio.  424.— H:kiR  Balls  fooh  Hhiian  Stomach. 

Stenosis  of  the  pylorus  and  chronic  gastritis,  adhesions,  fistuls, 
distortion  of  the  stomach,  perforations,  etc.,  hsemorrhage,  suppurative 
inflammation,  are  among  the  frequent  secondary  complications  of  gastric 
cancer. 

Among  the  relatively  infrequent  secondary  cancers  of  the  stomach, 
those  originating  in  the  breast  are  proportionately  large.^ 
Cysts  of  the  stomach  wall  have  been  recorded.' 

For  general  bibliography  of  lesions  of  the  stomach  see  Thorel,  Lubarech  and 
Ostertag'a  "Ergebnisse,"  Jahrg.  V.  for  1898,  p.  142.' 
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FOREIGN  BODIES. 


Among  the  varioua  foreign  bodies  which  by  accident  or  design  may 
be  present  in  the  stomach  may  be  mentioned  haira,  thread,  string,  etc., 
which  have  been  swallowed  from  time  to  time,  usually  by  hysterical 
women.  These  may  be  closely  packed  together  into  a  large  mass  nearly 
filling  the  cavity  of  the  stomach,  to  which  in  shape  it  may  correspond 
(Fig.  424).' 

The  Intestines. 

MalfonmitiotiE. 

Atresia  Ani. — Absence  of  the  anal  openEng  is  frequent.     This  may  be  associated 
with  partial  or  complete  atresia  of  the  rectum  or  of  the  colon  which  may  be  repreeeoted 
by  solid  cords.     Blind  terminations  of  the  small  intestine  may  occur,  or  there  may  be 
complete  closure  of  the  gut.     There  may  be  absence 
of  continuity  between  the  large  and  small  intestine. 

The  appendix  may  be  absent,  but  this  is  a  very 
rare  anomaly. 

Transposition. — The  position  of  the  intestines 
may  be  the  opposite  to  that  which  is  usually  found. 
The  transposition  may  afTect  all  the  abdominal  vis- 
cera, or  only  a  single  viscus  is  transposed. 

Anomalous  Positions. — The  intestines  with  the 
other  abdominal  viscera  may  be  partly  without  the 
abdominal  cavity  in  failure  of  the  abdominal  walls 
to  close  in  development  (see  Fig.  178,  p.  324).  Dis 
placements  of  the  colon  are  not  infrequent.' 

Diverticula, — Congenital  Diverticula. — These  are 
most  frequent  in  the  lower  part  of  the  ileum.  They 
usually  spring  from  the  convex  surface  of  the  intes- 
tine, more  rarely  from  its  attached  border.  In  the 
latter  case  they  are  joined  to  the  mesentery  by^a  fold 
of  peritoneum.  '  The  diverticulum  forms  a  piouch 
from  one  to  six  inches  long,  of  about  the  same  diam- 
eter as  the  intestine,  smallest  at  its  free  extremity. 

Such  diverticula  do  not  interfere  with  the  funC' 
tions  of  the  intestines.     They  occasionally  form  part 
of  a  hernia.     Sometimes  the  remains  of  these  intes- 
tinal diverticula — called  Meckel's  diverticula — form      pm  42B.— Divibtictjmjm  ofthi 
soft,  projecting  tumors  at  the  umbilicus'  in  children.  Small  Ihiwtihb. 

Microscopical   examination   of,  such   tumors    often 

shows  the  structure  of  the  intestinal  mucosa  and  muscularis  or  even  pancreas  at  the 
tip.  If  they  remain  attached  by  a  fibrous  cord  to  the  navel,  this  cord  may  be  the 
cause  of  incarceration  of  a  portion  of  the  intestines.' 

Acquired  IHverticula. — Not  infrequently  one  finds  at  autopsies  either  in  the  small 
or  large  intestine  diverticula  or  hemife,  which  project  from  the  exterior  of  the  gut, 
usually  near  its  mesenteric  attachment.    These  consist  of  the  mucous  membrane 

>  Such  B  apecitoen,  mentioned  by  Oiler,  is  in  the  muieum  of  McGill  University:  sDOtfaer.  reported 
by  Findltr  (see  Fig.  364),  is  in  the  museum  of  the  College  of  Phyeicians  and  Suraeons.  N.  Y.  See 
Jacabian.  Med.  News,  Feb.  16th,  1901:  Feniriik,  Brit.  Med.  Jour,,  vol.  ii.,  p.  1996,  1902.  bibl..  and 
Hiailil.  Jour.  Amer.  Med.  Assn..  1914.  Ixii.  107,  bibl. 

'  For  bibliography  of  reported  cases  see  Sliobir,  Am.  Jour.  Med.  Sei..  vol.  cxvi..  p.  10S.  1898. 

•  For  bibliography  of  umbilieal  tumora  see  Cianndlasin.  Arch,  g«n.  de  M6d.,  t.  HI,  p.  B5.  1900.  For 
diverticula  ot  duodenum  see /laiMi.Trana.  Chicago  Path.  Soc.,I9l:<.ix,1. 

•  For  bibliognpby  see  Rirtman,  Proc.  Path.  Soc.  o(  Philadelphia,  N.  S.,  vol.  i..  p.  193.  1S98.  For 
caw  of  volvulus  of  Meckel's  diverticulum  see  Tai/lnr.  Johns  Hopkios  Hoap.  Bull.,  vol.  xii..  p.  330. 1901. 
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which  has  been  crowded  through  the  muacul&ris  and  is  covered  by  Berosa.  They  may 
form  in  connection  with  the  appendix.  Theae  so-called  "false  diverticula"  may  b« 
large,  but  are  generally  not  larger  than  a  pea;  they  may  be  single  or  numerous  (Fig. 
3S6.).  They  as  a  rule  cause  no  functional  disturbance,  but  may,  through  the  accumu- 
lation of  facal  material  within  them,  be  the  seat  of  perforation,  inducing  absoesMB  or 
peritODitis.     Or  they  may  lead  to  local  adhesion  to  adjaceat  parts.' 


Cloaca.— The  rectum  may  open  into  the  bladder,  urethra,  or  vagina.  Thus 
cloaca  are  formed  which  are  often  associated  with  other  malformations  of  the  abdomi- 
nal wall,  intestines,  and  generative  organs. 

Incarceratioa,  Volvulus. 

1.  The  most  common  form  is  that  in  which  a  portion  of  intestine  is  strangulated  by 
a  fibrous  band.  Such  fibrous  bands  are  the  result  of  peritonitis  or  may  be  of  foetal 
origin.  The  intestine  becomes  in  some  way  caught  under  one  of  these  bands  and  is 
compressed  by  it.  The  structure  thus  produced  may  lead  to  a  gradual  accumulation 
of  fKcea  in  the  intestine  above  it,  and  may  last  for  a  long  time  before  death  ensues.  In 
other  cases  the  structure  interferes  at  once  with  the  circulation  of  the  blood;  theiutee- 
tine  is  intensely  congested,  becomes  gangrenous,  and  death  takes  place  with  the  symp- 
toms of  general  peritonitis. 

2.  A  portion  of  intestine  becomes  caught  in  soroe  abnormal  opening  in  the  mesen- 
tery or  omentum,  or  in  the  foramen  of  Winslow,  or  between  the  two  layers  of  the  mes- 
entery. We  have  seen  a  case  in  which  twelve  feet  of  intestine  had  passed  through 
a  small  opening  in  the  mesentery. 

3.  A  coil  of  intestine  makes  a  half  turn  at  its  base,  so  that  the  two  sides  of  the 
loops  cross  at  its  base.  In  this  way  the  lumen  of  the  intestine  is  completely  closed 
and  the  vessels  are  compressed,  so  that  congestion,  peritonitis,  and  gangrene  result. 
In  the  small  intestine  it  may  occur  when  the  gut  is  fixed  by  old  adhesions.  This  twist- 
ing of  the  gut  is  called  volvuhu. 

4.  A  portion  of  the  intestine,  with  its  mesentery,  makes  one  or  mor«  complete 
turns  on  itself,  closing  the  canal  and  compressing  the  vessels. 

5.  A  portion  of  the  intestine  makes  a  half  or  entire  turn  about  its  longer  axis. 

6.  The  mesentery  of  a  part  of  the  intestine  is  long  and  loose,  in  consequence  of  a 
dragging  down  of  the  intestine  by  a  hernia  or  by  habitual  constipation.     The  portion 

■CoiuultFiMA<T,"FalH  Diverticula  of  the  iDUsliue."  Jour.  Exp.  Med..  voL  v.,  p.  333,  1901. 
bibl.iataoBur,  Am.  Jour.  Med.  Sci.  voL  cuviU,.!!.  I3S,  1904.  For  diverticula  of  appcodii  see  Con- 
imi.  Albany  Med.  AnnalK.  U».  IMU.  For  studtw  of  acute  diverticuliliii  sw  KoHnAdxi.  Ztichr.  (.  klia. 
Med..  IWM.  liv.  475:  o.  Hantemann.  VirchowB  Arch.,  1890,  eiliv.  400:  and  the  numennu  puUicatiotu 
from  the  Mayo  ainic. 
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of  inteatine  thus  peTmitted  to  bang  down  is  habituaUy  filled  with  feces,  and  by  its 
pressure  on  some  other  part  of  the  intestine  produces  ad  incomplete  stricture. 

Intussusceptioii. 

This  change  of  position  consists  in  the  invagination  of  one  portion  of  intestine  in 
another  portion  (Fig.  427) .  Usually  this  takes  place  in  the  direction  of  the  peristaltic 
movements,  from  above  downward;  more  rarely  in  the  opposite  direction. 


.  below  and  gtnmgulBted. 


The  parts  are  found  in  the  following  condition:  There  are  three  portions  of  intes- 
tine, one  within  the  other.  The  inner  portion  is  continuous  with  the  intestine  above 
the  intussusception;  its  peritoneal  coat  faces  outward.  The  outer  portion  is  continu- 
ous with  the  intestine  below;  its  peritoneal  coat  also  faces  outward.     The  inner  portion 


is  turned  inside  out,  its  mucous  membrane  is  in  contact  with  the  mucous  membrane  of 
the  outer  portion.  In  rare  cases  the  intussusception  is  complicated  by  the  invagination 
of  a  second  portion  of  intestine  in  the  inner  tube,  and  even  by  a  third  intussusception 
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into  the  second  one.  These  changes  occur  both  in  the  large  and  email  int«atine:  most 
frequently  the  lower  part  of  the  ileum  is  invaginated  in  the  colon.  The  Invaginat^d 
portion  may  be  from  a  few  Inches  to  eeveral  feet  in  length.  The  lesion  is  most  fre- 
quently found  in  early  childhood. 

The  intussusception,  by  the  dragging  and  folding  of  the  mesentery  which  it 
involves,  may  lead  to  intense  congestion  of  the  parts,  and  even  to  large  hfemorrhages 
between  the  coats  of  the  intestine.     The  congestion  may  induce  fatal  peritonitis,  or 


Fia.  420.— INOUINAL  Hernia— Intestinal.  Flo.  430.— Inouihal  Hebsu— 0«,tr»I- 

gangrene  of  the  intestine,  or  chronic  inflammation  and  adhesions,  and  the  patient  may 
live  for  a  considerable  time  with  symptoms  of  stricture.  In  other  cases  the  invagin- 
ated portion  of  the  intestine  sloughs,  the  outer  and  inner  portions  become  adherent, 
and  the  patient  recovers,  with  or  without  stricture. 

Besides  this  grave  form  of  intussusception  we  often  find,  especially  in  children,  one 
or  more  small  invaginations  not  attended  with  congestion  or  inflammation.  These  are 
agonal  or  are  formed  immediately  after  death  {Fig.  428). 

Hernia. 

of  an  internal  organ  from  its 

irious  parts  of  the  body,  but 

it  frecjuently  involves  the  abdominal  viscera,  especially    ■     ■  ■ 
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In  the  most  common  form  of  the  so-called  inguinal  hernia,  which  is  of  frequent  occur- 
rence in  men,  there  is  a  descent  into  the  inguinal  canal  of  either  a  loop  of  intestine 
(Fig.  429)  or  a  portion  of  the  omentum  (Fig.  430).  For  a  description  of  the  various 
forms  of  hernia  we  refer  to  works  on  surgery. 

Dilatation  of  the  Colon. 

This  may  be  congenital  or  acquired  and  is  sometimes  excessive.^ 

WOUNDS— RUPTURES. 

Penetrating  wounds  of  the  intestine  iisually  prove  rapidly  fatal,  either 
from  shock  or  from  peritonitis.  Sometimes,  however,  the  wound 
becomes  closed  by  the  formation  of  adhesions  with  the  neighboring  parts. 
Sometimes  the  wound  in  the  intestines  becomes  adherent  at  the  position 
of  the  wound  in  the  abdominal  wall,  and  an  intestinal  fistula  is  formed. 

Rupture  of  the  small  intestine  is  not  infrequently  produced  by  severe 
blows  on  the  anterior  abdominal  wall.  It  is  noticeable  that  such  blows 
may  not  produce  marks  or  ecchymoses  of  the  skin.  Such  ruptures 
usually  prove  fatal  very  soon,  but  sometimes  the  patient  lives  several 
days  and  the  edges  of  the  rupture  undergo  inflammatory  changes. 

Strictures  of  the  intestine  are  sometimes  followed  by  rupture  of  the 
dilated  intestine  at  some  point  above  the  stricture.^ 

DISTURBANCES  OF  THE  CIRCULATION— HAEMORRHAGE. 

Hyperaemia  of  the  intestine  may  be  inflammatory  in  character  or  it 
may  be  associated  with  disturbance  of  the  portal  circulation.  Under 
both  of  these  conditions  ecchymoses  may  occur.  Pigmentation  may  fol- 
low large  or  small  interstitial  haemorrhages. 

As  a  result  of  embolism  or  thrombosis  of  the  mesenteric  vessels 
haemorrhagic  infarctions  may  occur,  sometimes  involving  a  considerable 
portion  of  the  gut.'  Haemorrhage  into  the  lumen  may  follow,  or  gangrene, 
or  inflammation.  The  latter  processes  are  readily  induced  in  the  injured 
regions  by  the  bacteria  constantly  present  in  the  intestinal  contents. 
Septic  emboli  may  induce  suppurative  inflammation  in  the  mesentery 
and  in  the  wall  of  the  intestine. 

Intestinal  haemorrhage  may  occur  in  venous  congestion,  as  in  certain 
forms  of  cirrhosis  of  the  liver.  It  may  follow  ulceration,  in  typhoid  fever, 
in  chronic  colitis,  in  malignant  tumors,  etc.;  it  may  accompany  infarction.* 

DEGENERATION. 

Amyloid  degeneration  may  be  associated  with  a  similar  process  else- 
where in  the  body.  The  iodine  test  may  reveal  the  existence  of  this 
alteration  in  the  villi  of  the  small  intestine. 

>  See  FUz,  Am.  Jour.  Med.  Sci.,  vol.  cxviii.,  p.  125.  1S99,  bibl.;  also  Griffith,  Trans.  Assn.  Am. 
Phys.,  vol.  xiv.,  p.  1,  1899. 

'  See  summary  of  cases  by  GoUaverdin,  Gaz.  des  H6pitaux,  Aug.  24th  and  3l8t,  1901,  bibl. 

'For  a  further  consideration  of  thrombosis  of  the  mesenteric  veins  consult  Welch,  Allbutt's  "Sys- 
tem of  Medicine,"  vol.  vi.,  p.  218.  See  also  study  by  Jackson,  Porter,  and  Quinby,  Jour.  Am.  Med. 
Assn.,  vol.  xlii..  p.  1469,  1904. 

*  For  reference  to  occult  hsmoniiage  in  gastro-intestinnl  canal  see  Jaworaki  and  Koroleu?ict,  foot- 
note, p.  655. 
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IKFLAHHATIOH. 

Inflammation  op  the  Small  Intestine.     (Enteritia.) 

Acute  Catarrhal  Eoteiltls. — This  may  occur  under  conditions  simil&r 
to  those  inciting  catarrhal  inflammation  in  the  stomach.     It  may  be  local 
or  general  and  may  be  associated  with  similar  processes  in  the  stomach 
and  colon.     In  "ptomaln  poisoning"  the  lesions  are  often  severe.     Com- 
paratively mild  forms  of  the  lesion  may  predispose  the  intestine  to  the 
incursions  of  intestinal  bacteria  and  the  development  of  more  severe 
forms  of  destructive  lesions.     The  mucosa  may  be  reddened  or  ecchy- 
mosed,    and    covered    with     mucus 
mingled  with  degenerated  epithelium 
and  leucocytes.     The  epitbdium  may 
be  degenerated  and  peeled  off   (Fig. 
431),  and  the  cylindrical  cells  may  be 
distended  with  mucus  formed  within 
them — "beaker  cells." 

The  solitary  and  agminated 
lymph-nodulea  may  be  swollen  from 
hyperplasia.  When  this  hyperplasia 
is  marked  (Fig.  432),  the  lesion  is 
often  called  fotlictdar  or  nodtdar  en- 
teritis, and  erosions  and  ulceration 
may  occur  (Figs.  440  and  441).' 
This  lesion  is  especially  common  in 
children  suffering  from  various  types 
of  acute  infection.  For  hyperplasia 
of  the  lymphoid  tissue  of  the  intestine 
in  typhoid  fever  see  p.  235. 

Chronic  Catarrhal  Enteritis.— This 
may  follow  the  acute  form  or  occur 
independently.     It  often  accompanies 
ERiTis.      many  forms  of  chronic  disease  of  the 
tubular     heart,     kidneys,     lungs,     etc.       The 
^raimB     mucous  membrane  may  be  covered 
with   mucus;    ecchymoses,    erosions, 
and  pigmentation  are   frequent.      There    is  hyperplasia  of  the  inter- 
glandular  tissue  of  the  mucosa  and  the  submucosa.     In  this  way  there 
may  be  atrophy  of  the  glands,  and  the  mucous  membrane  may  be  thin 
and  fibrous.     The  rauacularis  may  also  be  involved  and  atrophied.     The 
submucosa  and  the  muscular  layer  may,  on  the  other  hand,  be  thickened 
from  the  new-formed  fibrous  tissue. 

Pseudo-membranous  EnterltlB  may  occur  in  connection  with  a  similar 
condition  in  the  colon,  in  infectious  diseases,  in  chronic  diseases  of  the 
liver  and  kidney;  in  cachectic  conditions,  or  as  the  result  of  the  ingestion 
of  irritant  poisons.     The  mucous  membrane  may  be  the  seat  of  superficial 

■  It  B  bet1«r  Ut  nbaudnn  the  Dnme  Dodutar  enleritia  fQr  thia  1«ioD  and  call  it  nodvlaf  kyperplatia. 
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is,  sometimes  in  patches,  and  the  pellicle  may  consist  largely  of 
mucus  with  necrotic  epithelium.     Fibrin  may  be  present,  and  fibrin  and 
extravasated  leucocytes  and  serous  fluid  may  infiltrate  the  submucosa. 
Exudative  or  Suppurative  EnteiiUs  is  rare.     Purulent  foci,  usually 


Fla.  432.— Nod  q 


metastatic  in  origin,  may  form  in  the  wall  of  the  intestine.  A  more  dif- 
fuse suppuration  may  follow  infection  after  obstruction  or  strangulation.' 
Tabercolous  Enteritis. — The  lymph-nodulea  and  Peyer  's  patches  are 
often  involved  in  intestinal  tuberculosis  and  often  ulcerate  (Fig.  433). 
Miliary  tubercles  may  be  present  with  cheesy  degeneration  (Fig.  434)  and 


Id  the  laivflr  ulccni 


the  subperitoneal  lymphatic  vessels  are  often  involved  and  may  appear 
as  white,  nodular,  branching,  slightly  elevated  cords,  running  around  the 
gut  (Fig.  435).  Tuberculous  ulcers  are  apt  to  extend  most  rapidly  in  a 
direction  transverse  to  the  axis  of  the  gut  (Fig.  436),  differing  in  this 

>  Sea  tor  a  atudy  of  phleamnDcnu  enteritii  UatCaUmn,  Johni  Hopkins  Hoap.  Bull.,  rot.  ivii.,  p. 
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respect  from  typhoid  ulcera  (see  p.  237).  But  to  thia  there  are  fre- 
quent exceptions.  Tuberculous  ulcera  rarely  perforate.  (See  for  other 
forms  of  tuberculosis  of  the  intestine  page  682,)' 

The  mesenteric  lymph-nodes  are  frequently  involved  in  either  active 


ECnOH    or   A   TOBERCDLODB    Ul. 

ziB  or  TBE  Shall  Intistini 

iUi  miliary  tubercles  and  cueat 

ion  at  the  bottom  of  the  ulcei 

liBiy  tuberclcB  beneath  the  aem 

«.     (SeeFif.  «5-) 

or  inactive  tuberculosis  in  any  part  of  the  body.  They  may  not  show 
gross  lesions,  but  the  microscope  may  show  characteristic  lesions  or 
tubercle  bacilli.  Frequently,  when  neither  lesions  nor  bacilli  are  demon- 
strable, inoculation  of  guinea-pigs  shows  that  the  nodes  are  infected. 


Fio.  43S, — SoBBfROUB  Tdbbrclbs  FoLLOWiNa  THB  LmPa-viuBLs  AT  TBI  Bottom  of  a  TmiB- 

CDLODB    UlCBB   OP  THE   SuALL   iHTiaTIHB. 

The  mesenteric  nodes  are  frequently  infected  without  other  tuberculous 
lesions  in  the  body.' 

Syphilitic  Ulcers,  originating  in  the  lymphatic  structures,  are  some- 
times found  in  infantile  sj-philis.' 

1  Fomtatiatin  of  intntinal  luberculosie  «e  Zahn.  MOnch.  med.  Woch..  p.  49,  1002;  slw  Ntbellhii>h 
ibid;  pp.  1240  sod  1.100.  1903:  »Ua  Warmer,  ibid,,  pp.  2036  and  209S,  1903;  aba  Iptm,  Berl.  klis. 
Wochenachr,  p.  TBI.  1900.  For  presence  of  tubercle  bacilli  in  mesenteric  lymph-nodea  lee  MacFadva 
and  MacConkti/.  Brit.  Med.  Jour.,  vol.  ii.,  p.  129.  190.t. 

'Seei!Di«iJiei'B(T.AiD.  Jour.  Med.  Sci..vol.  cxxi,.  p.gs.  1905.  Foi  leferenee  to  inlatiuea  aa  portal) 
or  entry  of  tubercle  bacilli,  eee  p.  894. 

'For  study  o(  acquired  syphilitic  ulcers  of  intestine  sftArkm,  Trans.  CMeago  Path.  Soc..l912.viii. 
224. 
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Duodenal  Ulcers  may  be  tuberculous  or  may  follow  exteneive  burns. 
In  the  latter  case  their  mode  of  origin  is  obscure.  They  may  occur  imder 
a  variety  of  other  conditions.' 

Other  Forms  of  TJlcerB. — The  solitary  and  agminated  lymph-nodules 
frequently  undergo  hyperplasia,  in  infectious  diseases,  after  extensive 


bums,  in  various  forms  of  inflammation  of  the  intestine.  Hyperplasia 
of  the  lymphatic  tissue — see  p.  672 — with  ulceration  is  especially  frequent 
in  children. 

Inflammation  op  the  Large  Intestine.  {Colitis.) 

The  mucous  membrane  of  the  large  intestine  is  frequently  the  seat  of 
acute  and  chronic  inflammatory  and  necrotic  processes  known  clinically 
as  dysentery.'  The  rectum  is  most  often  involved,  but  sometimes  the 
upper  part  of  the  colon  and  sometimes  the  whole  colon  is  affected. 

Acute  Catarrhal  Colitis. — This  process  is  frequently  limited  to  the 
lower  end  of  the  colon  and  presents  several  types.  There  may  be  an 
increased  production  of  mucus,  which  coats  the  surface  of  the  mucous 
membrane  and  is  mixed  with  exfoliated  and  fatty  or  disintegrated  epithe- 
lium and  red  blood  cells.  The  surface  epithelium  may  be  degenerated 
and  exfoliate,  many  "beaker  cells"  being  present,  indicating  the  source 
of  over-production  of  mucus  (Fig.  437).  The  mucous  membrane  may 
be  congested  and  infiltrated  with  serum  and  leucocytes.  Again,  with 
conditions  similar  to  those  just  described,  there  may  be  a  purulent 
exudate  in  the  mucous  membrane.  There  is  a  form  of  catarrhal  colitis 
in  which  there  is  a  more  or  less  extensive  formation  of  new  connective 
tissue  between  the  glands  and  in  the  submucosa.  Finally,  there  may 
be  small  or  extensive  ulceration  in  the  involved  areas  of  the  mucosa. 

Acute  Infectious  Colitis  (Tropical  Dysentery)  is  of  especially  frequent 
occurrence  in  warm  countries  and  is  often  epidemic.     In  one  group  of 

'  Fotntudy  of  duodcnnl  ulcei 

'Tha  cluBifintioQ  of  these  li 
bM«(l  upon  morT>haIoey.     In  Hms  phua  of  so-called  dysentery — : 
omture  of  the  eicitant  b  taken  into  the  account     Coniult  far  b  special 
Mew  Vork.  DOafittd,  Am.  Jour.  Med.  Sci.,  vol.  ciir.,  p.  401.  18B7. 
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caacB  (a)  the  disease  is  probably  incited  by  protozoa — Entamoeba  bisto- 
lytiea;  while  in  the  other  (6),  bacteria,  some  apparently  related  to  the 
typhoid-colon  bacillus  group,  and  possibly  others,  are  believed  to  be  the 
excitants. 

(o)  Amcbbic  Colitis. — This  form  of  colitis  is  apparently  incited  by 
the  presence  of  the  wall  in  the  intestine  of  the  Entamceba  histolytica. 

The  amoebae  are  found  in  the  gelatinous  masses  which  are  common  in 
the  stools.     They  are  of  rounded  shape,  and,  when  alive,  change  their 


Flo.  437.— AcoTi  Catabrhal  Colitis. 
The  epitbeliuni  ot  the  tububralmids,  eapecially  ne&r  their  mouths,  ii  roiming  mn  excessive  unouot 
of  mudis  with  destructioD  and  eifoliatioD  of  the  cells.     The  tubuln  sn  dilated  with  mucus  vhieh 
oovera  the  surface.     The  muDoss  at  the  risbt  ig  necrotic  and  forms  the  edce  of  aa  u1eerat«d  area. 

position  and  shoot  out  and  retract  little  projections  (pseudo podia). 
Their  outer  portion  is  composed  of  a  pale  hyaUne  or  homogeneous  sub- 
stance; the  inner  contains  vacuoles  and  is  more  refractive  (see  Fig.  73). 

In  the  colon  the  amcebse  are  found  in  the  connective-tissue  coat  (Fig. 
438)  and  in  the  floors  of  the  ulcers. 

Amoeba  excites  at  first  a  moderate  exudative  and  productive  in- 
flammation followed  by  necrosis.  Thus  ulcers  are  formed.  The  ulcers 
may  be  superficial  or  deep,  sometimes  extending  to  the  peritoneum;  they 
enlarge  by  infiltration  and  necrosis  at  their  edges,  so  that  extensive 
destruction  of  the  mucous  membrane  may  occur.  The  amcebffi  may  be 
present  in  the  connective  tissue  at  the  base  or  sides  of  the  ulcers.  Not 
infrequently,  owing  to  bacterial  infection  from  the  intestinal  contents, 
varying  degrees  of  suppurative  inflammation  may  complicate  the  lesion. 

Necrotic  and  suppurative  proceseea  may  be  set  up  in  the  liver  (see 
p.  722)  and  in  the  right  lung,  and  in  these  lesions  the  amoeba  may  be 
found. 
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(b)  Acute  Infectious  Colitis  with  Bacterial  Excitants. — 
The  lesions  in  those  forms  of  infectious  colitis  which  are  not  associated 
with  amceba  are  varied,  and  it  is  not  yet  possible  to  give  a  very  precise 
morphological  characterization  of  them.  In  general  it  may  be  said  that 
the  lesion  when  pronounced  is  pseudo-membranous,  exudative,  and 
necrotic,  with  or  more  less  ulceration  of  the  mucosa  and  submucosa. 

The  earlier  bacterial  studies  of  the  various  types  of  infectious  colitis 
— dysentery — tropical,  epidemic,  sporadic,  or  pseudo-membranous,  gave 
little  definite  data.  Many  bacteria  were  found,  most  of  them  of  species 
not  infrequently  present  in  the  normal  intestine.  In  1897,  however, 
Shiga  made  a  careful  study  of  a  series  of  cases  in  a  serious  dysentery 
epidemic  occurring  at  that  time  in  Japan.  Shiga  found  constantly  in 
these  cases  a  bacillus — Bacilltis  dysenteric — not  normally  present  and 
pathogenic  for  animals,  which  gave  agglutinative  reactions  with  the  serum 
of  the  dysentery  patients.  This  bacillus  was  formerly  regarded  as  simi- 
lar to  the  typhoid  bacillus,  but  can  now  be  readily  differentiated  from  it.' 


Two  years  later  Kruse  found  a  similar  bacillus  in  cases  of  dysentery 
occurring  in  Germany,  and  Flexner  and  Strong  have  found  one  which  they 
believe  to  be  identical  in  the  Philippines.  It  has  since  been  found  in 
numerous  instances  in  the  United  States.' 

Considerable  doubt  has  arisen  regarding  the  significance  of  many  of 
the  later  determinations  owing  to  the  fact  that  until  recently  some  of  the 
distinctive  biological  characters  were  not  generally  known,  and  that  the 
agglutination  reactions,  if  not  carried  out  with  extreme  care,  may  lead 
the  observer  astray. 

We  cannot  enter  here  upon  the  details  of  the  various  studies  of  this 
subject.  But  it  has  been  shown  that  there  are  several  groups  of  the 
Shiga  bacillus  which  are  the  excitants  of  some  forms  at  least  of  tropical 
and  epidemic  or  sporadic  dysentery.     Whether  the  occurrence  which  has 
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been  described  of  this  bacillus  or  variants  of  it,  in  other  forms  of  intestinal 
disorder,  such  as  some  types  of  infantile  diarrhoea,  is  of  significance  or 
not,  it  is  yet  too  early  to  say.' 

While  the  value  of  protective  serum  prepared  by  animal  inoculations 


of  Shiga's  bacillus  has  been  claimed,  the  evidence  is  yet  too  meagre  to 
permit  of  final  judgment.^ 

Bacillus  pyoeyaneus  has  been  repeatedly  found  in  the  discharges  in 
cases  of  dysentery  as  well  as  in  other  intestinal  disorders  under  conditions 


lymph-nodule  with  openins  into  (be  lumen  of  the  sut. 

which  justify  the  conjecture  that  it  is  sometimes  at  least  an  excitant  of 
intestinal  inflammation  and  necrosis.  Streptococcus  pyogenes  has  been 
repeatedly  found  in  association  with  enteritis  and  colitis.  Intestinal 
infection  with  streptococcus  is  more  frequent  and  significant  in  children 
than  in  adults.' 

■  For  tt  study  of  aiperimonlsl  colitis  see  Fltxnrruxd  SmeH,  ]<mr. 

der  Planer,  Phils.  Med,  Jaur.,  vol.  vi.,  p.  414. 1900;  see  Hiao  Lenfi.  Kolle 
see  Miknursuiismen."  2d  ed.,  191.^,  iii.,  899. 

See  V.  lAnQ^thdm.  Kolle  uid  WaaieniiuiD's  -'Pith 
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Nodular  Hypeqilasla. — In  many  cases  of  catarrhal  and  croupous 
iaflammation  of  the  colon  and  of  acute  infections,  especially  in  children, 
the  solitary  follicles  (lymph-nodules)  become  more  or  less  swollen  and 
necrotic.     Besides  these  cases,  however,  there  are  others  in  which  the 


From  the  intatine  of  ■  child,  ibooioc  Qumenius  ulcere  mvolvina  solitary  nodulea,     (Compan  Fie.  fi^- 

changes  in  the  nodules  form  the  principal  part  of  the  lesion,  while  the 
catarrhal  or  croupous  inflammation  is  but  slightly  developed.  The 
lesion  is  similar  to  that  in  nodular  hyperplasia  in  the  small  intestine. 
The  nodules  are  first  swollen — by[>erpla8tic — (Fig.  439),  then  necrotic. 


B  (Ckouphub)  Couth. 


then  slough  away  and  leave  little  circular  ulcers  with  overhanging 
edges  (Fig.  440).  These  ulcers  are  usually  numerous  (Fig.  441)  and 
may  be  scattered  over  a  large  part  of  the  colon.  The  ulcers  are  apt  to 
show  but  little  disposition  to  heat,  and  the  acute  colitis  often  becomes 
chronic. 
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Nodular  Colitis. — In  rare  cases  of  typhoid  fever  and  occasionally 
under  other  conditions  there  are  foci  of  inSammation  with  necrosis  and 
ulceration  irregularly  scattered  and  involving  primarily  not  the  mucous 
membrane  but  the  underiying  tissue.  These  lesions  are  not  to  be  iden- 
tified with  hyperplasise  of  the  solitary  lymph-nodules  with  ulcerations 
which  occur  with  especial  frequency  in  children  suffering  from  acute 
infections.' 


Cinu inscribed  oOD(«tioii  sod  necrosb  of  the  clanduliir  and  oonnective-tinue  m»U. 

Pseudo-membranous  (Croupous)  Colitis. — This  form  of  inflammation 
may  involve  the  rectum  alone,  or  the  entire  length  of  the  colon,  or  only 
its  upper  portion.  The  mucous  membrane  is  congested  and  swollen,  and 
coated  with  a  layer  of  false  membrane;  the  connective  tissue  between  and 
beneath  the  gland  tubules  is  infiltrated  with  fibrin  and  pus,  and  in  severe 
cases  the  inflammation  involves  the  muscular  and  peritoneal  coats  also. 
The  inflammation  is  usually  more  intense  at  some  places  than  at  others, 
80  that  the  surface  of  the  raucous  membrane  shows  the  false  membrane 
in  isolated  patches.  (Tig.  442.)  Less  frequently  there  is  a  uniform 
coating  with  the  false  membrane.  In  mild  cases,  as  the  inflammation 
subsides,  the  products  of  inflammation  are  absorbed  and  the  wall  of  the 
intestine   returns   to   its  normal  condition.     In  more  severe  cases  the 

1  See  Whipple,  Johns  Hop.  Hosp.  Bull.,  vol.  ivii.,  p.  281.  1006. 
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quaatity  of  the  inflammatory  products  is  so  great  that  portions  of  the 
wall  of  the  intestine  become  necrotic.     This  necrosis  may  involve  only 
the  glandular  coat,  or  it  may  extend  deeper  into  the  wall  of  the  intestine. 
The  necrosed  tissue  after  a  time  sloughs  away,  leaving  behind  ulcers  of 
different  sizes  and  depths.     After  this 
the  ulcers  may  cicatrize,  or  their  floors 
and  walls  may  remain  in  the  condi- 
tion of  granulation  tissue  for  an  in- 
definite length  of  time.     When  the 
latter  is  the   case  there  is  added   a 
chronic   inflammation  of  the  wall  of 
the  intestine  between  the  ulcers,  with 
changes  in  the  mucous  membrane  and 
thickening    of    the   connective-tissue 
and  muscular  coats. 

Necrotic  Colitis. — There  is  a  form 
of  inflammation  of  the  colon  in  which 
considerable  areas  of  the  connective- 
tissue  coat  become  necrotic,  leaving 
the  glandular  coat  undermined  and 
separated  from  the  muscular  coat. 
In  this  way  large  ulcers  with  over- 
hanging edges  are  developed.  This 
form  of  colitis  is  very  fatal. 

There  is  another  very  fatal  and 
obscure  form  of  necrotic  colitis  which 
appears  to  be  septic  in  character. 
After  death  the  inner  surface  of  the 
colon  is  found  studded  with  little 
blackish  areas  in  which  the  blood- 
vessels are  gorged  with  blood.  The 
glandular  and  connective-tissue  coats 
are  infiltrated  with  pus  cells  and  there 
is  a  superficial  necrosis  (Fig.  443) .  Fio.  44<,— cbbokio  ulcbh*tivb 

Various  forms  of  micro-organisms         ^^^  ^^  ^^^^^  e™ioiui  of  the  Btroiien 
have  been  found  in  connection  with  mucoua  caembnae. 

suppurative  and  necrotic  lesions  of  the 

ileum  and  colon — Streptococcus  pyogenes,  Staphylococcus  pyogenes, 
Bacillus  coli  communis,  Bacillus  proteus,  Bacillus  pyogenes,  and  others. 
The  significance  of  these  organisms  is  not  yet  clear.' 

■  S«B  Kriue  and  FatqaaU,  Zeita.  f.  Hygiene  und  Infkr..  Bd.  ivi.,  p.  1.  1804;  ■!»  Ctrmville.  Tard. 
■nd  othen,  Aon.  Suiase*  da  Sc.  M6d.,  Ur.  ii..  p.  531,  ISBS. 

See.  for  wnaidenilion  of  StrephmHciu  enteritidia  in  infud,  HiricK,  Centnlhl.  f.  Bftk.,  Abth.  I., 
Bd.  xxii.,  p.  see,  18tl7.  bibl. 

For  ■  atudy  of  intatinal  butsria  see  van  Ermenotm,  Kolle  und  Waggennsiin'i  Handbuch. 
Jed.,  1S03,  Bd.  ii.,  p.  637;  sIkj  Fard,  "Studies  Royal  Victoria  Hoapital,"  ^tontIeBl.  vol.  i..  1»03, 
rinmt  and  bibl.:  ftteo  IFo'u,  Cbl.  t.  Bak.,  Abth.  1„  Bd.  xiivi,.  p.  13. 1904.  For  a  study  of  the  permea- 
bility of  the  mt«atinai  trail  for  bacteria  see  Klimenko.  Zeita.  f.  Hyiiene,  etc..  Dd.  ilviii..  p.  fl7.  1904, 
and  {/.fcnAR'ncr,  Deutacb.  med.  Wocb.,  p.  1S51,  1806,  bibl.  See.  fora  study  of  abaorption  in  lbs  brge 
InMatine,  Brtmer.  Jour.  Med.  Rea..  vol.  iv..  p.  B9,  1900.  For  a  study  of  Ihe  cauee  of  death  of  bacteria 
in  the  amaU  intestine  see  RoUy  and  LiArrmtiUrr.  Deut.  Arch.  kUn.  Med..  Bd.  Uuiii.,  p.  413.  ISOS. 
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Uacous  Colitis  (Membranous  Colitis). — Under  a  variety  of  obscure 
conditions,  probably  sometimes  inflammatory  in  character,  shreds  or 
sheets  or  even  cylindrical  casts  of  the  interior  of  the  gut  are  passed  from 
the  bowels.  These  consist  of  dense  mucus  often  mingled  with  degener- 
ated epithelium.' 

Chronic  Colitis. — In  prolonged  inflammation  of  the  colon,  marked 
structural  alterations  may  take  place.  The  glandular  coat  may  be 
uniformly  thickened  or  thrown  into  the  form  of  polypoid  tumors,  or  atro- 
phied, or  destroyed  by  ulcers  of  various  sizes  and  shapes  (Figs.  444  and 


445) .  Small  cysts  may  form  from  the  retention  of  mucus  in  the  follicles. 
The  connective-tissue  and  muscular  coats  may  be  thickened  or  thinned. 
Apparently  chronic  colitis  may  follow  any  of  the  forms  of  acute  colitis.' 

Repair  may  follow  even  considerable  losses  of  substance  in  the  intes- 
tinal mucous  membrane.  The  new-formed  connective  tissue  may  un- 
dergo slight  or  marked  cicatricial  contraction.  The  denuded  surfaces  may 
become  covered  anew  with  epithelium  derived  from  the  intact  cells.' 

The  Cecum. 

Catarrhal  Inflammatioo  of  the  caecum  is  not  uncommon.  It  is  usually 
produced  by  an  habitual  accumulation  of  fseces  in  this  part  of  the  intes- 
tine. The  course  of  the  inflammation  is  usually  chronic,  but  marked  by 
acute  exacerbations.  At  first  the  mucous  membrane  undergoes  the  ordi- 
nary changes  of  chronic  catarrhal  inflammation.  To  this  may  succeed  a 
slow  supp'urativein'flammationwhicli 'extends  through  the  wall  of  the 
intestine  and  gives  rise  to  ulcers  and  perforations. 

Through  these  perforations  the  fseces  may  pass  into  the  peritoneal 
cavity,  or  the  perforations  are  partly  closed  by  adhesions,  and  abscesses 
are  formed,  or  sinuses  into  the  surrounding  soft  parts. 

'  For  obMTvatioM  anii  liibliography  of  mtmbranaut  enltriiit  or  coliHi  consult  BaU<r,  N.  Y.  Med. 
Jour.  Dec.  2Slh,  1S95,  or  AttHand,  Arch.  f.  VenlsuunEBkrankhnlen.  Bd.  i.,  p.  306.  ISM. 

vol.  xiv..  1»02,  p.  405.     For  b  study  of  thi?  auocmtion  of  tbe 
Dodulea  io  tbe  coIod  ate  Sr.ltulue.  Ccntrbl.  f.  Path..  B<1.  xvi..  p.  9S 
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Chronic  Hyperplastic  Tuberculosis  of  the  Ileo-csecal  Region  and  Other 
Parts  of  the  Intestine. — Attention  has  recently  been  called  to  a  peculiar 
form  of  tuberculous  inflammation  of  the  intestine  which  is  characterized 
by  the  extensive  formation  of  small  spheroidal-celled  and  fibrous  tissue, 
especially  in  the  submucosa  and  often  involving  the  muscular  wall  and 
the  subserous  layer.  Miliary  tubercles,  cheesy  degeneration,  and  ulcera- 
tion are  not  usually  conspicuous  features  of  the  lesion.  The  ileo-caecal 
region  is  most  often  involved,  the  rectum  less  frequently,  while  the  lesion 
is  rarely  limited  to  the  ileum.  Both  the  large  and  small  intestines  may 
be  involved  together.  The  new  tissue  may  form  a  circumscribed  annular 
thickening  of  the  wall  of  the  gut,  or  it  may  occur  as  a  distinct  tumor  or 
as  polypoid  projections  of  the  mucous  membrane.  The  intestine  in  the 
vicinity  of  the  involved  portion  may  be  enclosed  in  a  mass  of  fibrous  fat 
tissue.  Owing  to  the  thickening  of  the  wall  of  the  intestine  the  lumen 
may  be  much  narrowed  or  nearly  completely  stenosed.  On  section  of  the 
thickened  areas,  caseous  foci  may  be  revealed;  ulcerations,  in  rare  cases, 
may  be  present;  more  often  they  are  moderate  or  extensive. 

The  microscopical  examination  shows  that  while  miliary  tubercles  and 
cheesy  degeneration  are  commonly  to  be  detected,  the  new  tissue  consists 
in  the  main  of  collections  of  small  spheroidal  cells  with  more  or  less 
fibrous  stroma  and  occasionally  giant  cells,  and  of  moderately  cellular  or 
dense  fibrous  tissue.  The  polyhedral  cells  common  in  tuberculous 
inflammation  are  not  as  a  rule  conspicuous.  The  new  tissue  is  usually 
most  abundant  in  the  submucosa.  The  mucosa  may  be  similarly  thick- 
ened, usually  in  polypoid  form,  or  unchanged;  it  may  show  simple 
catarrhal  alterations  or  may  contain  miliary  tubercles  or  be  ulcerated. 
The  muscular  coat  may  be  also  infiltrated  and  much  thickened  by  the 
new-formed  cellular  and  fibrous  tissue  and  there  may  be  muscular  hyper- 
trophy. The  associated  lymph-nodes  may  be  involved.  Tubercle  bacilli 
are  present  in  the  lesions,  sometimes  in  enormous  numbers.  The  process 
appears  to  be  sometimes  primary  in  the  intestine;  sometimes  it  occurs 
with  or  follows  tuberculous  lesions  of  the  lungs.  Hyperplastic  tubercu- 
lous lesions  limited  to  the  caecum  have  frequently  been  operated  upon 
under  the  impression  that  the  process  was  cancerous.* 

The  Rectum. 

Besides  inflammatory  changes  similar  to  those  already  described  as 
occurring  in  the  colon,  we  sometimes  find  a  suppurative  inflammation  of 
the  connective  tissue  which  surrounds  the  rectum,  either  associated  with 
lesions  of  the  mucous  membrane  or  occurring  by  itself. 

In  adults  the  lower  end  of  the  rectum  is  the  part  of  the  intestine 
which  is  the  most  frequent  seat  of  syphilitic  ulceration.  Most  of  these 
ulcers  seem  to  be  the  result  of  unnatural  coitus,  or  of  infection  from 
specific  sores  of  the  vulva;  but  some  of  them  seem  to  be  due  to  the 
softening  of  gummy  tumors.  The  gonococcus  is  an  occasional  excitant 
of  inflammation  of  the  rectum. 

^For  a  study  and  bibl.  see  Lartigau^  Jour.  Exp.  Med.,  vol.  vi.,  1901,  p.  23.  See  also  RietUer, 
Ziecler's  Beitr.,  Bd.  xxxix.,  p.  199,  1906,  bibl. 


684  THE    DIGESTIVE    SYSTEM 

Strictures  of  the  rectum  may  be  due  to  tumors,  to  cicatrices  following 
trauma  or  inflammation.' 

HwmoTTkoids  (Piles). — Ectasia  of  the  hemorrhoidal  veins  are  of  fre- 
quent occurrence.  They  are  most  frequent  in  adults  and  are  usually  due 
to  venous  obstruction  in  cirrhosis,  chronic  constipation,  pelvic  tumors, 
chronic  infiammation  of  the  rectum,  etc.  The  enlarged  veins  may  be 
within  or  without  the  sphincter — internal  or  external  hsemorrhoids.    The 


dilated  veins  may  have  thickened  walla  and  may  be  surrounded  by  new- 
formed  connective  tissue.  The  projecting  mass  in  external  hsmorrhoids 
may  consist  in  part  of  dilated  vessels,  in  part  of  fibrous  tissue,  and  is 
covered  by  thickened  epithelium  (Fig.  446).  Considerable  htemorrhage 
may  take  place  from  hiemorrhoids,  and  they  may  afford  a  portal  of  entry 
of  bacteria  leading  to  local  or  general  infection. 

The  Appendix  Vermiporhis. 

Inflammation — Appendicitis. — Inflammation  of  the  appendix  may 
present  various  phases. 

1.  The  mucous  membrane  may  betheseat  of  ocufecafarrAoZ  t'n^nima- 
lion.  This  is  of  mild  type  and  short  duration,  with  congestion,  swelling, 
and  an  increased  production  of  mucus;  or  it  is  of  severer  type,  of  longer 
duration,  and  the  cavity  of  the  appendix  is  distended  by  mucus  and  pus. 

2.  The  entire  thickness  of  the  wall  of  the  appendix  may  be  the  seat 
of  an  acute  exudative  inflammation.  The  appendix  is  very  much  increased 
in  size,  sometimes  to  the  size  of  a  man 's  finger.  (Fig.  417.)  This  increase 
in  size  is  due,  not  to  a  dilatation  of  the  cavity  of  the  appendix,  but  to  a 
thickening  of  its  walla.  The  walls  are  congested,  swollen,  infiltrated  with 
fibrin  and  pus,  the  peritoneal  coat  is  covered  with  fibrin.  There  is 
neither  necrosis  nor  perforation.     If  the  appendix  is  behind  the  ctecum, 
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or  if  adhesions  are  formed  early,  there  is  only  a  localized  peritonitis.  If 
the  appendix  projects  freely  into  the  peritoneal  cavity  and  no  adhesions 
are  formed,  a  general  peritonitis  may  be  soon  established. 

3.  At  one  or  more  points  in  the  wall  of  the  appendix  there  is  an  exu- 
dative inflammation  with  necrosis.  In  this  way  small  or  large  portions  of 
the  wall  of  the  appendix  are  destroyed,  large  or  small  perforations  are 
formed,  and  the  contents  of  the  appendix  escape  into  the  abdominal  cav- 
ity. In  these  cases  the  appendix  usually  contains  a  fiecal  concretion. 
Such  perforations  are  usually  followed  by  the  collection  of  pus  around 


A  poaterior  viav  of  tha  caput  coli.     The  sppeiulix  ii  iwoUea  aod  a  pcllick  of  exudate  coven 
it  uut  the  adjaceot  intestine. 

the  appendix  (Fig.  448).  The  pus  may  extend  from  this  abscess-like 
collection  in  any  direction  and  for  long  distances,  so  that  collections  may 
be  found  deep  in  the  pelvic  cavity,  or  under  the  diaphragm,  or  abscesses 
may  form  at  other  remote  points. 

4.  The  entire  appendix  becomes  gangrenous  within  one  or  two  days, 
with  the  formation  of  an  abscess,  or  general  peritonitis.  This  is  the  most 
fatal  form  of  appendicitis. 

5.  Inflammation  of  the  appendix  may  be  secoTidary  to  catarrhal  or 
cTOupotis  colitis. 

6.  In  typhoid  fever  there  may  be  changes  in  the  wall  of  the  appendix 
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of  a  character  similar  to  those  in  the  wall  of  the  small  intestine;  that 
is,  hyperplasia  of  the  lymphoid  tissue  with  necrosis  (p.  235). 

7.  There  may  be  a  tuberctdous  inflammation  of  the  appendix,  with  the 
formation  of  ulcers. 

As  the  result  of  chronic  inflammation  in  the  appendix,  atrophy  of  the 
glands  and  lymphoid  tissue  with  increase  of  the  fibrous  tissue  (Fig.  449) 
and  strictvres  or  obliteration  of  its  lumen  may  occur  (Fig.  450). 

Cystic  dilatation  of  the  appendix  may  be  formed  by  obstruction  of 


FlO.    448.— ACDTB    SnPFDHATIVE    ApPENDICTTU. 

live  houis  after  fiist  Bymplomfl.     Streptococcus  van  found  in 
le  appeadLx;  3.  lymphatic  nodules  in  tbe  mucous  membruu: 
3,  submucoaa:  4,  muscularis:  5.  maenlery  of  the  appendix:  B,  pus  and  Bbria  cDverioc  the  appendix: 

the  lumen.  The  cysts  thus  formed  may  be  of  considerable  size — from 
one  to  fifteen  centimetres  in  diameter  or  larger — and  contain  mucous, 
gelatinous,  or  watery  fluid  often  turbid  or  colored.' 

The  lumen  of  the  appendix  frequently  contains  concretions  of  fsecal 
material  which  have  often  been  mistaken  for  foreign  bodies.  Foreign 
bodies,  such  as  grape  and  apple  seeds,  and  various  small  objects  which 
have  been  swallowed,  sometimes,  though  rarely,  find  their  way  into  the 
appendix.'  Both  the  fsecal  concretions  and  the  foreign  bodies  may  act 
as  important  predisposing  agents  of  inflammation  and  perforation  ol  the 

'  See  (or  a  itudy  of  cysts  and  diverticula  of  the  sppendii  Corning,  Albany  Med.  Annals,  Dec.. 
1905.     Also  WiiMer.  Erkrimkunaen  dee  BlinddarmanhaiiBes.  Jena,  IBIO. 

'  For  a  ttudy  of  foreign  bodies  in  appendix  see  Milchill.  Johns  Hopkins  Hosp.  Bull.,  vol.  i.,  p.  3S. 
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appendix,  through  pressure,  erosion,  etc.,  of  the  mucous  membrane, 
afTordiag  portals  of  entry  to  various  forms  of  pathogenic  micro-organisms. 


I  of  tht  glukdB  and  lymphoid  tiDue  with  new  fibrous  Li 
and  mbmucoaa. 


I  FiBROi's  TiascE. 


The  bacteria  most  commonly  found  associated  with  the  lesions  of  acute 
appendicitis  and  its  accompanying  peritonitis  are  Streptococcus  pyog- 
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enes,  Staphylococcus  pyogenes,  the  B,  coli  communis,  B.  proteus,  and 
B.  pyocyaneus.     Anaerobic  forms  are  also  important.' 

Oxyuris  and  trichocephalus  are  frequently  found  in  the  appendix  in 
children,  and  may  by  their  destruction  of  the  mucosa  permit  the  entrj-  of 
bacteria.' 

TUUORS  OF  THE  IHTBSTINE.' 

fibroma  and  lipoma  may  be  developed  from  the  submucous  coat  and 
grow  inward,  or  from  the  subserous  coat  and  project  outward  into  the 
peritoneal  cavity.  Small  multiple  cavernous  h(Bmangiomala  are  of  occa- 
sional occurrence  in  the  submucosa  of  the  small 
intestine.  These  tumors  may  be  limited  to  the 
small  intestine  or  may  be  found  throughout  the 
gastro-intestinal  canal.* 

Hyoma  may  originate  in  the  muscular  coat 
and  project  inward,  obstructing  the  intestine. 
In  the  duodenum  such  tumors  may  obstruct 
the  common  bile  duct.  Less  frequently  these 
tumors  project  outward  into  the  peritoneal 
cavity. 

Polypoid  growths,  projecting  into  the  cavity 
of  the  intestine  and  composed  of  connective 
tissue  and  covered  with  epithelium  are  frequently 
found  (Fig.  451).  They  are  associated  with 
catarrhal  inflammation  or  occur  by  themselves. 
They  are  found  throughout  the  intestinal  tract 
and  may  be  single  or  multiple.  They  grow 
from  the  submucous  coat  and  project  inward. 
Some  of  them  are  solid  connective-tissue  tumors, 
covered  by  the  mucous  membrane  which  they 

Fia.  451. — Shall  Poltf  of     .  i.      i    -  i         n^i_  r    ..l 

TBI!  mdcoub  Uehbhahb  of   "^^^  pushcd  inward.     Others  are  of  the  same 
TBE  Shall  iNTnTiNii.  character,  but  of  large  size.     In  others  the  con- 

nective tissue  is  arranged  in  branching  tufts, 
covered  with  cylindrical  epithelium;  and  in  these  last  tumors  there  may 
also  be  tubules  lined  with  cylindrical  epithelium,  giving  to  the  growth  the 
characters  of  an  adenoma. 

Lymphoma. — Growths  of  tissue  somewhat  resembling  that  of  the 
lymphatic  tissue  of  the  lymph-nodes  may  originate  in  the  solitary  and 
agminated  nodules,  and  in  the  intestinal  wall  in  cases  of  leukiemia  and 
pseudo-leukamia  (Fig.  452) . 

iff<>(linpv'."EtialogyofApp«Ddidtig,"N.Y.Med.Joiir.,  De«.30tli,  1803.  Conault ajM JCelyiucb. 
"Pathology  of  the  Venaifonn  Appendix."  LoDdao,  ISQS;  Berr)/,  Jour,  of  Patli.  and  Bsct..  tdL  iii.. 
p.  ISO.  1H95  (taibl.);  Kibbcrt.  Virch.  Arch..  Bd.ooxii.p.ee.  1893.  For bnclsrial  reporta  K<a  [a<e.  Rep, 
BoaCon  City  Hasp..  Ser.  II,  1900.  p.  173;  alw  Lam  sod  TomI,  Rev.  de  Chir.,  t.  iL,  1904:  alao  Ftrront, 
Ann.  Inst,  Faslflur.  t.  lix..  p.  387.  1905,  For  comprebenaiTe  treatise  see  KtUa  and  Hvrdon  on  U» 
venuilomi  appeDdix.     Alao  Atcheff.  Die  WurmfortsBtieatiODduiic,  Jena,  1908. 

•  Ctcil  and  B\dkieil.  Jour.  Eip.  Med.  1912.  iv,  22S. 

'For  a  study  of  conseniUil  tumon  of  the  inlcstioeg  coiuult  Huetrr,  Ziegler'i  Beititce  tur  path. 
Anut.,  Bd.  xix..  p.  391,  ISe«. 

<  See  Bmnedta,  Vinh.  Arch.,  Bd.  cluxiv.,  p.  171.  1906:  alao  AfocCoUum,  Johos  Hopk.  Hoop. 
BulL,  voL  xvji.,  p.  258,  1906. 
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Similar  growths  are  found  as  independent  lesions  both  in  the  large 
and  small  intestines,     Theae  are  irregular,  diffuse  growths  infiltrating 


The  gntwtha  are  polypoid,  c 

the  wail  of  the  intestine,  the  mesentery,  and  the  neighboring  lymph- 
nodules,  and  may  reach  a  considerable  size.  They  often  ulcerate  inter 
Dally  and  may  lead  to  dilatation  or  stenosis  of  the  intestine.     The  classi- 


Fio.  4Ji3.— AoENO-C 

ARCINOUAOrTHE 

nnal  mucous  membrai 

ae  invaded  by  adf 

tumor  ia  frequently  c 

«lled  maiigniint , 

BBtoui  jrowth.    This  type  ol 

fication  of  such  tumors  is  difficult  and  it  is  often  doubtful  whether  they 
should  be  grouped  with  the  sarcoma  or  the  so-called  lymphoma. 
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Sarcomata  are  of  occasional  occurrence  in  the  intestine.  They  appear 
to  be  more  frequent  in  the  small  intestine  and  in  the  rectum  than  in  the 
Urge  intestine.  While  various  structural  types  are  recorded,  the  bo- 
called  lympho-sarcomata  are  most  common.' 

Adenomata  are  found  in  the  duodenum,  colon,  and  rectum.  They 
form  superficial  infiltrations  of  the 
wall  of  the  intestine  or  project 
inward  as  polypoid  tumors.  They 
are  composed  of  tubular  fol- 
licles, like  those  of  the  intestinal 
mucous  membrane,  and  of  a  con- 
nective-tissue stroma.  In  some  of 
these  tumors  the  tubules  have  a 
regular  shape  and  arrangement; 
there  is  no  infiltration  of  surround- 
ing tissue;  the  tumor  is  of  benign 
nature.  In  other  tumors  the 
tubules  are  irregular  in  shape  and 
arrangement,  and  the  growth  infil- 
trates the  surrounding  parts  {Fif. 
454).  There  is  no  sharp  dividing 
line    between    these    tumors    and 

_  the  carcinomata. 

le  lubmuciiwi.  Carcinoma  develops  most  often 

in  the  colon  and  the  duodenum.' 
The  forms  which  have  been  described  in  the  stomach  occur  also  here,  i.e.: 
1.  The  medtdiary  Jorms  with  relatively  little  stroma,  and  epithelial  cells 
either  in  solid  masses  within  the  alveoli,  or  maintaining  in  a  measure  the 
gland  type — adeno-carcinoma.  2.  Fibrous /orm — sciVrAus.  3.  Gdalitiovs 
forms,  which  are  more  common  here  than  in  the  stomach.  Epithelioma 
often  involves  the  anus  and  rectum. 

Cysts  of  the  intestine  are  uncommon.' 

Tumors  op  the  appendix  are  not  frequent.  Fibroma,  lipoma, 
myoma,  sarcoma,  endothelioma  are  rare,*  while  several  hundred  cases  of 
primary  carcinoma  of  the  appendix  have  been  recorded.' 

niTESnNAL  COnCRETIOnS.     (EnteroUthB.) 

The  intestines  may  contain  round,  oval,  or  irregular  masses  of  firm 
consistence,  usually  small,  but  sometimes  as  large  as  a  man's  fist.  They 
consist  of  fEOcal  matter,  mucus,  bile,  the  carbonate  and  phosphate  of 

'  For  rfaurrU  aod  bibtiography  □[  sarooma  of  amsl]  mt«tiae  Bee  Libmari,  Am.  Jour.  Ued.  Scknns. 
vol,  CKK..  p.  IJOO.  1000.  For  bibliography  of  BBrcoma  of  Ucsc  iaiwtiiie  aeeJapiari  uid  Whilf.  ibid.. 
vol.  cxxii.,  p.  807.  For  a  rinxmi  wiui  bibliograpby  of  melano-aaTcama  of  the  rectum  m  WirMT. 
Ziecler's  Beitrlee.  Bd.  ixv..  p.  322,  ISSO. 

'  See  RallaUm.  Limcvt.  vol.  i.,  p.  1121,  1901. 

■  See  Aarr.  Am.  Jour.  Med.  Sei.,  vol.  cxxxi.,  p.  Be.  lOOfl. 

■  For  bibliography  of  tumora  of  the  appendix  Bce  Keilv.  PnK.  Path.  Soc,  of  Phils..  N.  S..  voL  iii. 
p.  100.  1900.     Also  .Ifilodaeich  uid  .\amba.  Zeit.  (.  Krebsf.  1913.  xii.  14. 

'  Whipham.  Lancet,  1001.  vol.  i.,  p.  319.  Jump.  Med.  Rec.  vol.  bii..  p.  289,  1M2.  Hitidt- 
cowiu.  Ann.  of  Surjery.  June.  1903,  bibl.  A'omi.Bull.  Univ.  Penoa..  ivi..  1903,  p.  33*.  BnUaa}. 
Albany  Med.  Annals,  Dee.,  1905.     McWitliamt.  Med.  and  Suis.  Rep.,  Fresbyt.  Hggp,  N.  Y.,  viti..  I90«. 
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lime,  and  triple  phosphate.  They  may  induce  inflammations,  ulceration, 
and  perforation.  Small  brown  concretions — intestinal  sand — may  be 
found. 


PARASITES. 

Anthrax  Infection  of  the  Intestine  (Mycosis  Intestinalis). — The  anthrax 
bacillus  may  lodge  in  the  intestinal  mucosa  either  through  food  contain- 
ing the  germ  or  by  metastasis  through  the  blood  from  some  infective 
focus,  especially  the  skin. 

The  intestinal  lesions  are  most  apt  to  occur  in  the  small  intestines  and 
in  the  upper  part  of  the  colon.  The  mucous  membrane  is  studded  with 
larger  and  smaller  brown  or  black,  frequently  elevated  patches,  or  areas 
of  local  congestion,  or  haemorrhage,  or  necrosis.  The  mucous  membrane 
near  the  inflammatory  and  necrotic  foci  may  be  cedematous.  Hyper- 
plasia of  the  spleen  and  lymph-nodes  is  apt  to  accompany  the  intestinal 
anthrax.  The  anthrax  bacillus  may  be  found  about  the  seat  of  local 
lesion  in  the  intestine,  in  the  associated  lymph-nodes;  and  when  secondary 
to  local  infection  elsewhere  it  may  be  found  in  the  primary  lesion  and  in 
the  blood. 

It  is  believed  that  other  forms  of  bacteria  may  cause  intestinal  lesions 
somewhat  similar  to  those  of  anthrax,  but  the  researches  in  this  direction 
are  not  yet  suflSciently  numerous  to  permit  of  very  definite  statements.* 

ACTINOlfTCOSIS  OF  THE  INTESTINE. 

Actinomycosis  involving  the  intestine  is  rare,  but  is  most  often  found 
in  the  csecal  region.  Several  cases  of  primary  actinomycosis  of  the 
appendix  are  recorded.^ 

The  animal  parasites  of  the  gastro-intestinal  canal  have  been  already 
considered  in  another  part  of  this  book. 

The  Peritoneum. 

Malformations. 

Arrest  in  development  of  the  peritoneum  may  be  manifested  in  fissures  in  the 
mesial  line  or  external  to  it;  in  absence  of  the  diaphragm;  in  fusion  with  the  pleura; 
and  in  incomplete  formation  of  the  mesentery,  the  omentum,  and  the  other  folds  of  the 
peritoneum. 

Excess  of  development  occurs  in  the  shape  of  unusual  length  of  the  mesentery,  the 
omentum,  and  the  other  folds  of  the  peritoneum;  or  of  supernumerary  folds  and 
pouches.  These  are  chiefly  found  in  the  hypogastric,  iliac,  and  inguinal  regions  and 
near  the  f imdus  of  the  bladder.  There  may  be  access  to  these  sacs  by  a  well-defined 
fissure  or  ring,  which  is  frequently  surrounded  by  a  tendinous  band  lying  in  the  dupli- 
cature.     These  may  give  rise  to  internal  incarceration  of  the  intestines. 

The  left  half  of  the  diaphragm  may  have  an  abnormally  high  position  with  up- 
ward displacement  of  the  abdominal  viscera,  particularly  the  stomach,  on  the  left 

1  For  reference  to  intestinal  bacteria  see  pp.  214  and  681. 

'  For  bibl.  see  Bumham,  Johns  Hop.  Hosp.  Bull.,  vol.  xv.,  p.  136,  1904. 
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side,  and  displacement  of  the  heart  to  the  right.    This  has  been  called  eventration  of 
the  diaphragm.     It  may  be  mistaken  in  diagnosis  for  diaphragmatic  hernia.^ 

HiEMORRHAGE. 

Large  haemorrhage  into  the  peritoneal  cavity  may  result  from  injuries 
to  the  abdominal  viscera,  ruptured  aneurism,  etc.  Punctate  haemorrhages 
may  accompany  various  acute  infections  and  toxaemias.  Haemorrhage 
may  occur  in  acute  localized  or  general  peritonitis,  in  obstruction  of  the 
portal  circulation,  in  thrombosis  and  in  embolism  of  the  mesenteric 
vessels. 

ASCITES. 

The  collection  of  transudate  in  the  peritoneal  cavity  may  accompany 
chronic  venous  congestion,  especially  with  obstruction  of  the  portal  cir- 
culation in  cirrhosis  from  thrombi,  emboli,  etc.,  or  with  chronic  heart 
and  kidney  diseases.  It  often  accompanies  similar  conditions  in  the 
pleura  and  pericardium.     It  may  accompany  chronic  peritonitis. 

Chylous  ascites  may  result  from  a  rupture  of  the  thoracic  duct  or 
from  a  transudation  from  the  chyle  vessels.' 

Chyliform  Ascites. — Most  frequently  in  abdominal  carcinoma  and 
tuberculosis,  but  also  in  other  forms  of  chronic  peritonitis  with  serous 
exudate,  the  peritoneal  cavity  may  contain  fluid,  milky  from  cell  detritus 
and  fat  derived  from  the  disintegration  of  degenerated  mesothelial  and 
other  cells.     This  condition  is  called  chyliform  ascites. 

INFLAMMATION.     (Peritonitis.) 

Acute  Peritonitis. — Acute  inflammation  of  the  peritoneum  may  occur 
as  a  primary  process,  but  is  much  more  often  secondary.  In  the  latter 
case  it  may  be  associated  with  wounds  and  contusions  of  the  wall  of  the 
abdomen;  wounds,  ulcers,  new  growths,  incarcerations,  intussusceptions, 
ruptures,  perforations,  and  inflammations  of  the  stomach  and  intestines; 
inflammation  of  the  vermiform  appendix;  injuries,  ruptures,  and  inflam- 
mations of  the  uterus,  ovaries,  and  Fallopian  tubes;  rupture  and  inflam- 
mation of  the  bladder;  inflammation  of  and  about  the  kidneys;  abscesses 
and  hydatid  cysts  of  the  liver;  inflammation  of  the  gall-bladder  and 
large  bile  ducts;  thrombosis  of  the  portal  vein;  inflammations  of  the 
spleen,  pancreas,  lymphatic  glands,  retroperitoneal  connective  tissue, 
vertebrae,  ribs,  and  pelvic  bones;  pyaemia  and  other  infectious  diseases. 
The  inflammation  is  at  first  either  local  or  general.  A  local  peritonitis 
may  remain  circumscribed,  or  it  may  spread  and  become  general. 

We  may  distinguish  two  anatomical  forms  of  acute  peritonitis. 

1.  Cellular  Peritonitis. — This  form  of  peritonitis  may  be  induced 
by  any  irritant  which  does  not  act  too  energetically.     It  can  be  excited 

^  See  Sailer  and  Rhein,  Amer.  Jour.  Med.  Sci.,  cxxix.,  p.  688,  1905. 

'  For  a  study  of  milky  fluids  in  serous  cavities  consult  Shaw,  Jour.  Path,  and  Baci.,  vol.  vi.,  p. 
339,  1900.  bibl. 
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in  dogs  by  intraperitoneal  injections  of  very  small  quantities  of  a  solution 
of  chloride  of  zinc.  In  the  human  subject  we  find  it  with  peritj^hlitia, 
with  circumscribed  abscesses  in  the  peritoneal  cavity,  in  puerperal  fever, 
and  in  other  infectious  diseases  with  early  death. 

At  the  autopsy  the  entire  peritoneum  may  be  congested;  but  there 
are  no  exudates  and  no  other  lesions  visible  to  the  naked  eye.  Minute 
examination,  however,  shows  a  very  marked  change  in  the  mesothelial 
(endothelial)  cells.  These  are  increased  in  size  and  number  and  the 
new  cells  coat  the  surface  of  the  peritoneum  and  project  outward  in  little 
masses  (Fig.  455).     This  form  of  inflammation,  in  many  cases,  at  least  if 


Fia.  45S.— Ac<m  Ciu-uiab  pBsrroHrria— Hdhih  Ouentdh. 
welling  sod  prolilerntioD  of  tha  mnotheliBl  cells  u  wtU  u  of  the  cella  of  th« 


life  be  prolonged,  passes  into  the  exudative  phase,  next  to  be  considered. 
2.  Exudative  Peritonitis. — This,  which  is  the  common  form  of 
acute  peritonitis,  presents  lesions  similar  to  those  which  have  been  already 
described  in  pleuritis  and  pericarditis.  Thus  there  is  a  form  in  which 
fibrin  is  the  chief  exudate  with  but  little  serum;  or  the  exudate  is  sero- 
fibrinous, or  purulent,  or  hiemorrhagic'  When  fibrin  is  present,  the 
intestinal  coils  may  be  more  or  less  firmly  adherent  to  the  abdominal 

>  For  &  atudy  of  the  forms  of  oelb  in  exudative  peritoojtii  lee  Laiitn,  Dtat,  Arcb.  klia.  Med.,  Bd. 
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walls  or  to  each  other.  If  putrefactive  bacteria  be  present,  as  in  perit- 
onitis from  perforation  of  the  intestine,  the  exudate  may  be  foul. 

In  local  inflammation  of  the  peritoneum  the  position  may  be  indicated 
by  the  name,  thus  perihepatitis,  perisplenitis,  perityphlitis,  pelvic,  sub- 
phrenic, etc. 

Acute  exudative  peritonitis  may  terminate  in  recovery  with  absorp- 
tion of  the  exudate,  permanent  connective-tissue  adhesions  and  thicken- 
ings of  the  peritoneum  often  remaining.  Chronic  peritonitis  may  follow 
the  acute  phase. 

Bacteria  are  the  usual  excitants  of  acute  exudative  peritonitis.  In 
primary  forms  of  peritonitis  the  Streptococcus  and  Staphylococcus  pyo- 
genes are  the  bacteria  most  frequently  present. 

In  secondary  exudative  peritonitis  the  pyogenic  cocci  and  the' colon 
bacillus  have  been  most  frequently  found.  Of  the  other  bacteria  which 
have  been  found  in  the  exudate  we  may  name  the  pneumococcus,  the 
gonococcus,*  B.  pyocyaneus,  B.  proteus,  B.  aerogenes  capsulatus,  B. 
typhosus. 

There  is  abundant  evidence  that  bacteria  can  pass  from  the  intes- 
tinal cavity  through  its  wall  into  the  peritoneum  without  perforation, 
especially  in  regions  where  the  integrity  of  the  tissues  is  impaired  by 
disturbances  in  circulation  and  nutrition,  or  in  necrosis,  as  in  strangula- 
tion of  the  gut.^ 

Absorption  from  the  Peritoneum. — In  connection  with  inflammation,  recent 
studies  which  have  been  made  of  the  absorption  of  alien  substances  injected  into  the 
peritoneal  cavities  of  animals,  especially  rabbits  and  guinea-pigs,  are  of  extreme  in- 
terest and  importance.  Living  bacteria  as  well  as  various  kinds  of  inert  particles  may 
be  rapidly  disposed  of  through  the  action  of  the  body  fluids  or  phagocytic  cells.  The 
studies  of  Buxton  and  Torrey'  indicate  that  after  an  intraperitoneal  injection  of  sus- 
pensions of  inert  particles  there  may  be  an  immediate  rush  of  these  to  the  lymphatics 
of  the  diaphragm,  whence  they  are  carried  almost  immediately  by  the  anterior  medias- 
tinal lymph-trunks  through  the  lymph-nodes  to  the  thoracic  duct  and  general  circula- 
tion. In  the  earlier  stages  the  transported  particles  may  be  free,  but  later  may  be 
taken  up  by  phagocytes  in  the  mediastinal  lymph-nodes.  But  the  omentum  appears 
to  be  of  significance  in  the  disposal  of  inert  particles  injected  into  the  peritoneal  cavity. 
Buxton  and  Torrey  show  that  almost  immediately  after  the  injection  of  such  particles 
in  the  guinea-pig,  fibrin  is  formed  on  the  surface  of  the  omentum  in  which  the  parti- 
cles and  phagocytic  cells  become  entangled.  The  phagocytes  taking  up  the  particles 
may  then  enter  the  tissues.  These  observers  have  furthermore  shown  that  after  intra- 
peritoneal injections  of  typhoid  bacilli  in  the  rabbit,  the  bacilli  may  become  fixed  upon 
the  surface  of  the  omentum  where  they  may  be  destroyed.* 

Chronic  Peritonitis  may  follow  the  acute  exudative  form  or  may  occur 
independently.    The  lesions  vary.     In  one  group  of  cases  the  peritoneum 

^  See  Cuahing  on  gonococcus  peritonitis,  Johns  Hopkins  Hosp.  BuIL,  voL  x.,  p.  75,  1S99. 

>  Ck)nsult  for  studies  and  bibliography  of  various  phases  of  peritonitis  Tavel  and  Lan*^  ''Peritonitis/* 
Mitth.  a  kl.  u.  med.  Inst.  d.  Schweis,  1  Reihe.  Heft  1.  p.  1,  1893;  SilberachmicU,  ibid,,  Heft  5.  p.  432; 
Flexner,  Phila.  Med.  Jour.,  November  12th,  1898;  CidUn,  Johns  Hopkins  Hosp.  Rep.,  vol.  iv.,  p.  411, 
1895;  Abramow,  Ziegler's  Beitr.,  Bd.  xxiii.,  p.  1,  1898;  BOUner,  ibid.,  Bd.  xxv.,  p.  453,  1899. 

For  special  studies  on  the  entrance  of  micro-organisms  into  the  body  from  the  gastro-intestmAl 
canal  see  Opitz,  Zeits.  f.  Hygiene,  Bd.  xxix.,  p.  505,  1898;  Birch-Hirschfeid,  Ziegler's  Beitr.,  Bd.  xxiv., 
p.  304,  1898;  Buehbinder,  Deut.  Zeits.  f.  Chir.,  Bd.  Iv.,  H.  6  and  7,  1900;  Maretu,  Zeits.  f.  Heilk..  Bd. 
zx..  p.  427,  1899;  also  Wiener  klin.  Woch.,  p.  11,  1901;  Ravenel,  Jour.  Med.  Res.,  vol.  x.,  1903.  p.  460. 

*  Bitxton  and  Torrey,  Jour.  Med.  Res.,  vol.  xv.,  p.  5,  1906. 

*  For  a  study  of  the  local  accumulation  of  eosinophile  leucocytes  after  intraperitoneal  injectaons 
of  bacteria  see  Opie,  Trans.  Assn.  Amer.  Phys.,  voL  xix.,  p.  136,  1904. 
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is  beset  with  minute  translucent  nodules,  sometimes  visible,  sometimes 
invisible  to  the  naked  eye.  These  are  apparently  formed  by  a  local 
proliferation  of  the  mesothelial  and  connective-tissue  cells.  Associated 
with  this  there  may  be  a  general  irregular  proliferation  of  the  peritoneal 
mesothelium.     This  has  been  called  chronic  cellular  peritonitis. 

In  other  cases  there  are  local  or  general  fibrous  adhesions,  sometimes 
firm,  sometimes  loose,  between  the  intestinal  coils  or  between  the  intes- 
tine and  the  abdominal  wall  or  the  viscera  (Fig.  456).  In  this  way 
sacculated  collections  of  sero-fibrinous  or  purulent  exudate  may  form  in 


Fio.  Mfl.— Old  Pkb 
£  B  tbs  liver   turned  o' 


oe./.     TheKBU-b: 


the  abdominal  cavity.  Finally  chronic  peritonitis  may  result  in  a  dense 
fibrous  thickening  of  the  peritoneum,  either  local  or  widespread. 

In  some  cases  the  parietal  peritoneum  is  principally  involved;  in 
others  the  peritoneum  of  the  stomach,  intestines,  liver,  and  spleen.  The 
thickening  of  the  capsule  of  the  liver  may  be  attended  with  a  diminution 
in  the  size  of  that  viscus.  There  may  or  may  not  be  adhesions;  serous 
or  other  exudate  may  be  present.  Great  distortion  of  the  omentum, 
mesentery,  and  other  abdominal  viscera  may  occur. 

Tuberculous  Peritonitis  may  occur  in  acute  general  miliary  tuberculo- 
sis or  it  may  be  secondary  to  tuberculous  inflammation  elsewhere,  as  in 
the  lungs  or  genito-urinary  organs  or  intestines;  or  it  may  be  an  inde- 
pendent process.     The  process  may  be  local  or  general  in  the  peritoneum. 
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The  lesions  may  be  miliary  in  character  (Fig.  457)  or  there  may  be  large 
foci  of  the  new-formed  tubercle  tissues  with  conaiderable  necrosis.  There 
may  be  more  or  less  serous  or  sero-fibrinous  or  purulent  or  hemorrhagic 
exudate.  Fibrous  adhesions  may  form  between  the  intestinal  coils  and 
the  peritoneal  walls  with  the  encapsulation  of  exudate.  Ulceration  of  the 
tubercle  tissue  may  occur,  or  it  may  become  dense  and  fibrous  and  is  then 


T  TDBEItCI.ES  or  TBE  OUEHTDU. 


often  pigmented.  The  tuberculous  inflammation  may  be  limited  to  the 
vicinity  of  tuberculous  ulcers  of  the  intestine.  It  may  involve  the  omen- 
tum, which  is  converted  into  a  hard,  thick,  dense  mass  at  the  upper  part 
of  the  abdominal  cavity.' 


Fibromata  are  developed  from  the  subperitoneal  connective  tissue  and 
project  inward  into  the  peritoneal  cavity.  They  are  found  beneath  the 
parietal  peritoneum  and  that  covering  the  intestines.  Such  tumors  may 
reach  a  very  considerable  size.  Papillary  fibTomata  of  the  peritoneum 
(Fig.  458)  may  be  secondary  to  papillary  fibroma  of  the  ovary. 

Llpomata. — Circumscribed  tumors  composed  of  fat  tissue  are  formed 
beneath  the  intestinal  and  parietal  peritoneum  and  in  the  mesentery. 
These  tumors  may  become  changed  into  fibrous  tissue  or  calcified.  Their 
pedicles  may  become  atrophied  so  that  they  are  left  free  in  the  peritoneal 
cavity. 

When  they  grow  beneath  the  parietal  peritoneum  they  may  form  fat 

'For  bibliography  with  referaore  to  operativa  trenUnent  ax  BoUBmUy,  Roporta  Beaton  Citf 
Hosp.,  Mr.  11,  p,  118.  1900.  For  a  full  eritical  summary  of  the  literature  of  peritonitis  tram  ISSS  t» 
ISOO  see  Brunn,  Centnlbl.  f.  Path.,  Bd.  xii..  pp.  I,  «5.  IBOl. 
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hemise.  At  the  umbilicus,  in  the  iaguinal  canal,  along  the  vas  deferens, 
in  the  crural  ring,  and  in  the  obturator  foramen,  fatty  tumors  may  grow, 
project  outward  under  the  skin  like  hernia,  and,  by  drawing  the  perit- 
oneum after  them  into  a  pouch,  may  open  the  way  for  a  future  intestinal 
hernia.  Very  large  retroperitoneal  and  perirenal  lipomata  are  of  occa- 
sional occurrence.'  Myxoma,  chondroma,  osteoma,  and  aa^oma  are 
recorded. 

Retroperitoneal  sarcomata  are  found  both  in  children  and  adults. 
They  usually  originate  behind  the  peritoneum,  covering  the  posterior 


Pio.  15S. — PinLi.iAT  FiBBoiu — Fapiluiiu— or  Pbritonidu. 
This  giowtli  wu  Hcondsry  to  s  Bimilar  tumor  origiiutmc  in  the  owy  uid  ooouscted  vitfa  that 
oicu  (am  Fi(.  MS).     Detaclied  portions  of  tiia  oricinal  tumor  were  trempUnted  to  varioui  n^ioiu 
of  the  peritoneum, 

part  of  the  abdominal  wall,  and  may  grow  between  the  folds  of  the 
mesentery.' 

They  may  be  of  the  small  spheroidal-celled  type  (lympho-sarcoma)  or 
of  the  fusiform-celled  type.  They  are  often  very  vascular.  At  first 
they  grow  slowly  inward,  pushing  forward  the  peritoneum  and  abdominal 
viscera.  After  a  time  they  assume  a  more  noxious  character,  infiltrating 
the  soft  parts  with  which  they  come  in  contact,  and  forming  metastatic 

1  Pot  bibliosnphy  of  auch  tumon  ■«  Adami.  Montreal  Med.  Jour.,  vol.  xxv.,  pp.  S20.  520.  1B97. 

'For  s  itudy  of  the  letroperitoneal  lympb-nodea  a.Dd  retrocrade  metastsHa  from  the  thor«x 

into  thesbdomea  of  bacteria,  duat,  and  tumor  cella  aee  Tmdtloo,  Munch,  med.  Woch..  p.  1537,  1904. 
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tumors  in  the  omentum,  mesentery,  intestinal  wall,  liver,  lunga,  and  in 
other  viscera.^ 

Endotliellomata  similar  in  structure  to  those  originating  in  the  pleura 
are  of  occasional  occurrence  in  the  peritoneum.     They  may  form  single 


Fio.  4Ae.— CtsticPahllouai 
SecoDdaTy  to  papilloma  o\ 


well-defined  tumors  or  flattened  masses  in  the  thickened  peritoneum. 
Guboidal  or  polyhedral  cell  masses  often  grouped  along  the  side  of  anas- 
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tomosing  channels  in  the  new-formed  or  old  connective-tissue  stroma 
sometimes  lend  a  glandular  appearance  to  the  type  of  growth. 

These  tumors  apparently  originate  in  the  true  endothelium  of  the 
subperitoneal  lymph-channels  and  not  in  the  flat  cells  often  called  endo- 
thelial— mesothelium — lining  the  peritoneum. 

Carcinoma  of  the  peritoneum  is  usually  secondary  to  this  disease  in 
adjacent  regions,  stomach,  liver,  uterus,  etc.  Its  structural  characters 
correspond  with  those  of  the  primary  growth.  It  is  apt  to  appear  in 
the  form  of  numerous  larger  and  smaller  whitish  nodules,  sometimes 
local,  sometimes  widely  disseminated  over  the  peritoneal  surfaces.  Such 
tumors,  when  small  and  numerous,  may  readily  be  mistaken  for  tubercles. 

Gelatinous  carcinoma  is  not  infrequent  and  sometimes  seems  to  be 
primary  in  the  peritoneum.  But  in  such  cases  the  possibility  of  an  origin 
in  the  mucous  membrane  of  the  colon,  in  which  such  growths  are  com- 
mon, and  the  extension  outward  without  evidence  of  growth  in  the  gut, 
is  always  to  be  considered.  Gelatinous  cancer  often  forms  large  masses, 
which  widely  involve  the  peritoneum  and  distend  the  cavity. 

Various  forms  of  tumors  of  the  umbilicus  have  been  described.* 

CYSTS. 

Cysts  of  the  mesentery  are  of  occasional  occurrence.^  They  may  be 
filled  with  chyle,  with  blood,  or  with  serous  fluid,  or  may  be  due  to  the 
echinococcus. 

Multiple  cysts  of  the  omentum  may  form  by  transplantation  of  papillary 
cyst-adenomata  from  the  ovary  (see  Fig.  459).* 

Dermoid  cysts  may  be  found  in  the  peritoneal  cavity.  Retroperitoneal 
cysts  have  been  a  few  times  recorded. 

PARASITES. 

Echinococci  can  be  formed  in  their  regular  way  at  any  part  of  the 
visceral  and  parietal  peritoneum,  or  be  free  in  the  peritoneal  cavity. 
These  cysts  may  be  small,  or  so  large  as  nearly  to  fill  the  abdominal 
cavity. 

Cysticercus  cellulosae  may  also  be  developed  in  the  subperitoneal 
connective  tissue. 

The  Salivary  Glands — ^The  Parotid,  Submaxillary,  and  Sublingual. 

INFLAMMATION. 

Acute  Parotitis,  occurring  as  an  epidemic  disease  known  as  mumps, 
is  usually  confined  to  the  parotid  gland  of  one  side;  the  submaxillary  and 
sublingual  may  be  at  the  same  time  involved.     The  gland  is  swollen  and 

1  See  OianneiUinOt  Arch.  g6n.  de  M6d.,  t.  iii.,  p.  52,  1900. 

s  For  bibl.  of  cj^ts  of  the  mesentery  see  Doted,  Annals  of  Surgery,  vol.  xxxii.,  p.  461,  1900;  Ayer, 
Am*  Jour.  Med.  Sci.,  vol,  cxxxi.,  p.  89,  1906  and  Fraxier,  Jour.  Amer.  Med.  Assn.,  1913,  bd.,  97. 

»  For  bibl.  of  cysts  of  the  omentum  seeJacobi,  Trans.  Assn.  Am.  Phys.,  vol.  xvi.,  p.  232,  1901; 
iJso  Doted,  Ann.  Surg.,  1911,  liv..  No.  5. 
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there  is  often  oedema  of  the  mucous  membrane  of  the  mouth  and  pharynx. 
Very  little  is  known  of  the  minute  changes  which  the  gland  undergoes  in 
this  disease. 

Suppurative  Parotitis  may  occur  as  a  secondary  lesion  in  many 
diseases,  t)rphoid  and  scarlet  fever,  pyaemia,  pneumonia,  etc.,  and  by 
bacterial  invasion  or  extension  of  inflammation  from  the  mouth.  Under 
these  conditions  the  process  is  usually  suppurative  and  frequently  results 
in  abscess  or  sloughing.  The  interstitial  tissue  of  the  gland  is  more  or 
less  densely  infiltrated  with  pus  cells,  and  the  parenchyma  cells  may 
undergo  fatty  degeneration  and  disintegration.  The  inflammation  may 
be  confined  to  the  gland  or  it  may  spread  to  adjacent  parts,  sometimes 
causing  much  destruction  of  tissue,  and  may  give  rise  to  inflammation  of 
the  brain  or  of  the  inner  ear,  or  even  to  metastatic  pysemic  abscesses  in 
different  parts  of  the  body.  Healing  may  occur,  with  formation  of 
salivary  fistulae. 

The  submaxillary  gland  may  be  involved  with  the  parotid  in  the 
suppurative  inflammation.  Acute  suppurative  inflammation  of  the 
connective  tissue  about  the  submaxillary  gland  is  sometimes  of  serious 
import.  Sloughing  and  gangrene  may  occur  and  are  apt  to  spread  to 
adjacent  parts.  SepticaBmia,  oedema  of  the  glottis,  or  pneumonia  may 
complicate  the  process  and  cause  death. 

The  sublingual  gland  is  not  often  the  seat  of  inflammation. 

Chronic  inflammation,  leading  to  the  formation  of  dense  interstitial 
tissue,  sometimes  occurs  in  the  salivary  glands.  This  may  occur  by 
itself  or  follow  an  acute  inflammation.  Tttbercvlotis  inflammation  of  the 
parotid  is  not  infrequent.* 

The  excretory  ducts  of  the  salivary  glands  may  become  inflamed  from 
the  presence  of  foreign  bodies  or  of  concretions  formed  in  them.  They 
may  become  occluded  from  the  presence  of  calculi  or  as  the  result  of 
inflammation,  and  may  thus  become  widely  dilated  both  in  the  main 
branches  and  in  the  finer  ramifications.  The  dilatation  of  Wharton's 
duct  to  form  larger  and  smaller  cysts  containing  salivary  fluid  sometimes 
gives  rise  to  very  large  and  troublesome  tumors  which  constitute  one  of 
the  forms  of  ranvla.^ 

TUMORS  OF  THE  SALIVARY  GLANDS. 

Fibromata  are  of  occasional  occurrence  in  the  parotid.  Chondromata, 
endotheliomata,  sarcomata  and  fibro -sarcomata,  and  myxomata,  or  more 
frequently  mixed  tumors  formed  of  various  combinations  of  these,  are  of 
frequent  occurrence  in  the  parotid  and  of  occasional  occurrence  in  the 
submaxillary  gland.  These  complex  or  mixed  tumors  are  of  more 
frequent  occurrence  in  these  glands  than  in  any  other  part  of  the  body. 
They  are  sometimes  rendered  still  more  complicated  in  structure  by  the 
formation  of  cysts,  and  what  has  been  regarded  usually  as  an  atypical 

1  Consult  Mealay  and  Parent,  Gaz.  des  H6pitaux,  Feb.  11th,  1899,  bib!.;  also  Wood,  BulL  Univ. 
Penna.,  voL  xvi.,  1903,  p.  368. 

'For  bibliography  of  lesions  of  the  salivary  glands  see  Thorel,  Lubaisoh  and  Ostertac'i 
"Ergebnisse,"  Jahig.  v.  for  1898,  p.  221. 
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glandular  growth,  lending  them  an  adenomatous  character  (Fig.  460). 
Earlier  studies  upon  the  mixed  tumors  of  the  salivary  glands  led  to  the 
belief  that  a  large  part  of  these  complex  growths  are  endotheliomata,> 
but  more  recent  studies  indicate  that  many  cell  forms  formerly  interpreted 
aa  endothelial  are  epithelial.*  The  present  view  is  that  these  complex 
tumors  of  the  parotid  and  other  salivary  glands  are  probably  largely  of 
epithelial  origin,  starting  in  congenital  displacements  of  the  glandular 
structures.' 


Fio.  leo.— Endotheuoha  of  th>  Parvtid. 

nbro-sarcoma  and  melano-sarcoma  have  been  described. 

A  case  of  rhabdomyoma  of  the  parotid  gland,  with  evidences  of  atypi- 
cal development  of  portions  of  the  gland,  has  been  described,*  Prlmaiy 
carcinoma  of  these  glands  is  rare. 

The  Pancreas. 

BlaUorauitioiis  and  DiBplacements. 

The  p&Dcreas  may  be  entirely  absent  in  acephaloua  and  double  monsters.  The 
pancreatic  duct  may  be  double;  it  may  open  into  the  duodenum  at  some  distance  from 
the  biliary  duct,  or  into  the  stomach.  The  bead  of  the  poncreaa  may  be  unduly 
developed  and  sometimes  even  completely  separated  from  the  rest  of  the  organ, 

opening  into  the  duodenum  with  a  duct  of  its  own.    The  gland  may  be  variously  lobed 

and  distorted.     Occasionally  there  is  a  small  accessory  pancreas  situated  beneath  the 

serosa  of  the  duodenum  or  stomach.' 

The  pancreas  is  so  firmly  bound  down  that  its  position  is  not  often  changed. 

Sometimes,  however,  it  is  found  pressed  downward  by  tight  lacing,  displaced  by 

aneurismH,  or  contained  in  umbilical  and  diaphragmatic  herniie. 

1  Volkmann,  Deutechs  Zeit«.  f.  Chir,,  Bd.  xli..  p.  61. 

■  For  a  critical  study  of  the  mixed  tumon  af  Ute  salivary  (buid  see  Wo^.  Ann.  of  Surgery,  vol. 
louix. ,  1904,  p.  57,  bibi  :  Krompalitr.  ■■  Bauliellenkrebs."  1903,  and  WUion  and  Iftllti.  Amer.  Jour. 
Med.  Sc,  1912.  cxliu.,  654. 

■  For  an  admirable  icries  at  mudiea  along  this  line  see  SeAuIK.  Hatitinglon.  and  Carmall.  Publica- 
tioiui  of  [be  George  Crocker  Special  Reeearcb  Fund.  vol.  iv..  New  York.  lOI^. 

•  rniddm,  "Rbabdomyoma  of  the  Parotid  Gland," 
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ATROPHY,  DEGEFERATIOH,  AHD  HECROSIS. 

Atrophy  of  the  pancreas  may  occur  in  old  age  and  as  a  result  of  pres- 
sure from  tumors  or  other  adjacent  structures,  and  may  be  associated  with 
fatty  infiltration.  It  occurs  in  a  certain  proportion  of  cases  of  diabetes 
mellitus. 


I.  461.— Fatti  Im- 


Auto -digestion  of  portions  of  the  pancreas,  intra  vitam,  has  been 
described,  .and  may,  it  ia  believed,  lead  to  localized  formation  of  fibrous 
tissue  in  the  organ.' 
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Albuminous  Degeneration  may  occur  in  acute  infectious  diseases. 
The  organ  may  be  red,  swollen,  and  (Edematous.  The  most  marked 
minute  lesions  are  swelling  and  albuminous  degeneration  of  the  gland 
epithelium  with  hyperemia  and  interstitial  cedema. 

Fatty  Degeneration  may  follow  albuminous  degeneration  and  is  most 
common  in  poisoning,  especially  by  phosphorus. 

Fatty  Infiltration,  which  should  be  distinguished  from  fatty  degenera- 
tion, consists  in  the  accumulation  of  fat  in  the  interstitial  tissue  of  the 


From  ■  caae  ol  acute  h»aic>rrha«ie  pnocrestilii, 

gland  (Fig.  461).  This  when  excessive  may  be  associated  with  almost 
complete  atrophy  of  the  gland  structures.  Under  these  conditions  the 
outline  of  the  organ  may  be  preserved,  the  fat  being  enclosed  by  the 
capsule.     It  occurs  in  obesity  and  in  atrophy  and  fibrosis  of  the  gland. 

Amyloid  Degeneration.— This  usually  occurs  in  connection  with 
similar  degeneration  in  other  organs,  and  is  confined  to  the  walls  of  the 
blood-vessels  and  the  interstitial  tissue. 

Hyaline  Degeneration,  involving  and  limited  to  the  islands  of  Langer- 
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bans,  has  been  described  by  Opie  and  others  in  diabetes  without  other 
marked  lesions  of  the  pancreas.' 

Fat  Necrosis. — This  is  a  peculiar  lesion  of  the  fat  tissue,  most  fre- 
quently seen  about  the  pancreas  or  between  its  lobules,  but  sometimes  in 
fat  tissue  in  other  parts  of  the  body.  White  or  yellowish  nodules  {Fig. 
462),  varying  from  the  size  of  a  pin's  head  to  that  of  a  pea  or  larger,  are 
seen  embedded  in  the  fat,  the  central  portion  being  often  soft  and  grumous. 
They  are  sometimes  calcified  and  sometimes  surrounded  by  a  connective- 
tissue  capsule.  Microscopical  examination  shows  necrosis,  degeneration, 
and  disintegration  of  the  fat  tissue  (Fig.  463). 

Fat  necrosis  is  usually  associated  with  lesions  of  the  pancreas — 
tuemorrhsgic   infiltration,   necrosis,   gangrene,   and   acute   and   chronie 


Fic,  4a3.^FAT  Necrdbib  ih  tarn  PtNcsf  as. 

inflammatory  processes.  The  lesion  has  been  shown  to  be  due  to  some 
ferment  in  the  pancreatic  secretion  which  splits  the  fat  molecule  into 
fatty  acids,  which  may  crystallize,  and  soluble  substances;  calcification 
is  of  later  occurrence.  Experimental  studies  have  shown  that  fat  necrosis 
can  be  induced  by  such  operative  procedures  as  direct  the  pancreatic 
secretion  into  fat  tissue  either  immediately  about  the  pancreas  or  else- 
where.' 
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HJEMORRHAGE. 

Haemorrhage  into  the  substance  of  the  pancreas  may  occur  as  the 
result  of  injury;  in  the  haemorrhagic  diathesis;  in  connection  with  valvu- 
lar diseases  of  the  heart  or  interference  with  the  portal  circulation;  or 
in  connection  with  extensive  fatty  degeneration,  or  with  local  necrosis, 
or  with  fat  necrosis  of  the  organ.  Such  haemorrhages  may  be  minute  or 
extensive.  Several  cases  of  sudden  death  are  recorded  in  which  the  only 
discoverable  lesion  was  an  extensive  haemorrhage  into  the  substance  of 
the  gland  and  the  tissue  about  it.  The  haemorrhage  may  be  moderate 
and  limited  to  the  pancreas,  or  it  may  extend  into  the  subperitoneal 
tissue  for  a  considerable  distance. 

Haemorrhage  of  the  pancreas  may  be  associated  with  acute  inflamma- 
tory changes  and  with  more  or  less  extensive  gangrene  of  the  organ. ^ 

mFLAMMATION.     (Pancreatitis.) 

Hsemorrhagic  Pancreatitis. — In  this  form  of  disease  haemorrhage 
similar  to  that  above  described  is  associated  with  suppurative  inflamma- 
tion or  gangrene  or  both.  The  gangrenous  pancreas  may  be  more  or  leSs 
encapsulated;  it  may  be  surrounded  by  pus.  Haemorrhagic  pancreatitis 
is  often  associated  with  fat  necrosis. 

The  conditions  leading  to  pancreatic  hemorrhage  and  hemorrhagic 
pancreatitis  are  not  yet  fully  clear,  but  experimental  studies  of  Flexner 
and  Opie  indicate  that  in  some  cases  at  legist  the  presence  of  gastric  juice 
or  of  bile  or  other  substances  in  the  pancreatic  duct  may  be  of  impor- 
tance. The  frequent  association  of  gall-stones  with  haemorrhagic 
pancreatitis  is  significant.* 

Suppurative  Pancreatitis  is  not  very  common,  and  may  be  primary  or 
due  to  the  extension  of  a  suppurative  inflammation  from  adjacent  or 
distant  parts  of  the  body.  There  may  be  a  dififuse  infiltration  of  the 
organ  with  pus  cells  or  larger  and  smaller  abscesses.  The  abscesses  may 
open  into  the  gastro-intestinal  canal  or  into  the  peritoneal  cavity.  The 
causes  of  primary  suppurative  pancreatitis  are  often  obscure.  It  may 
accompany  fat  necrosis  and  haemorrhage  and  gangrene  of  the  pancreas. 
It  is  probably  usually  due  to  bacterial  invasion  through  the  duct. 

Various  forms  of  bacteria  have  been  found  in  the  necrotic,  haemor- 
rhagic, and  inflammatory  lesions  of  the  pancreas,  but  in  most  cases  the 
significance  of  their  presence  is  not  clear,  since  necrotic  and  haemorrhagic 
foci  may  afford  regions  favorable  to  the  lodgment  and  proliferation  of 
micro-organisms  which  are  secondary  invaders  and  whose  lesions,  if  such 
be  induced,  are  complicating  and  not  primary.* 

'For  a  study  of  Haemorrhagic  Necrosis  of  the  Pancreas,  see  Opie  and  MeakinSt  Jour  Exp. 
Med..  bibL  xi.  561,  1909. 

^For  a  study  of  the  relationships  between  cholelithiasis  and  diseases  of  the  pancreas  see  Opte, 
''Disease  of  the  Pancreas." 

For  a  study  of  experimental  pancreatitis  see  Flexner,  University  Medical  Magazine,  vol.  xiii., 
p.  780,  1901;  and  Jour.  Exp.  Med.,  vol.  viii.,  p.  167,  1906;  also  Flexner  and  Pearce,  Trans.  Assn.  Am. 
Phys.,  vol.  xvi.,  p.  348,  1901;  also  Opie,  he.  cit. 

*For  a  detailed  consideration  of  acute  inflammation,  hemorrhage,  gangrene,  and  fat  necrosis  of 

45 
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Chronic  Interstitial  Pancreatitis. — This  lesion  consists  in  an  increase  of 
interstitial  connective  tissue,  which  may  be  general  or  confined  to  some 
particular  portion  of  the  gland.  The  new-formed  tissue  may  be  inter- 
lobular or  interacinar  in  distribution. 

The  organ  is  sometimes  enlarged,  sometimes  smaller  than  normal.  It 
is  usually  dense  and  hard;  secondary  atrophy  of  the  parenchyma  regu- 
larly occurs.  It  may  be  associated  with  chronic  inflammatory  processes 
in  the  vicinity  of  the  organ,  and  obstruction  of  the  pancreatic  duct.  It 
may  accompany  cirrhosis  of  the  liver.  ^ 

Tuberctilotis  Inflammation. — Larger  and  smaller  tubercles  and  tuber- 
culous cheesy  nodules  are  occasionally  found  in  the  pancreas  in  con- 
nection with  acute  general  miliary  tuberculosis  or  with  tuberculous 
inflammation  in  some  other  organ,  particularly  with  that  of  adjacent 
lymph-nodes,  the  lungs,  and  the  intestine. 

Syphilitic  Inflammation. — Chronic  interstitial  pancreatitis  is  frequently 
found  in  congenital  syphilis  of  the  new-born.  The  fibrous  tissue  is 
increased  with  atrophy  of  gland  parenchyma,  but  the  islands  of  Langer- 
hans  persist.'  It  is  not  definitely  established  whether  or  not  a  similar 
lesion  may  be  caused  by  acquired  syphilis.  Gummata  are  very  rare  in 
the  pancreas,  but  have  been  described  in  congenital  syphilis  in  very 
young  children. 

TUMORS. 

Carcinoma  is  the  most  common  and  important  of  the  tumors  of  the 
pancreas.  It  may  be  primapy  or  secondary.  Primary  carcinoma  is 
most  frequent  in  the  head  of  the  organ,  but  may  occur  in  other  parts.' 
The  scirrhous  form  is  most  common,  but  soft  and  gelatinous  forms  are 
found.  They  often  involve  adjacent  parts  by  continuous  growth,  and 
may  form  metastases  in  the  liver,  adjacent  lymph-nodes,  etc.  Secondary 
carcinoma  in  the  pancreas  may  occur  in  carcinoma  of  the  stomach  and 
duodenum,  and  of  the  gall-ducts  and  gall-bladder.  As  a  result  of  car- 
cinoma of  the  pancreas,  aside  from  the  extension  of  the  growth,  there 
may  be  pressure  on  the  ductus  choledochus,  with  jaundice;  or  on  the 
pancreatic  duct,  with  cystic  dilatation;  or  pressure  on  the  duodenum, 
with  stenosis  of  the  gut;  or  pressure  on  the  vena  cava,  or  portal  vein,  or 
superior  mesenteric  vein,  etc.,  with  disturbances  of  the  circulation. 

Adenoma  and  sarcoma  are  recorded. 

Cysts. — These  are  mostly  due  to  dilatation  of  the  pancreatic  ducts. 

1.  The  entire  duct  may  undergo  a  uniform  cylindrical  dilatation. 
With  this  cylindrical  dilatation  we  sometimes  find  associated  small 
sacculi. 

2.  There  may  be  sacculated  dilatations  at  some  points  in  the  ducts. 

the  pancreas,  with  bibliography,  consult  Fitz,  Middleton  Goldsmith  lecture  on  "Acute  Pancreatitis," 
Trans.  New  York  Path.  Soc,  1889.  For  later  bibliography  see  Warthin,  Phila.  Med.  Jour.,  Nov.  19th, 
1898,  and  Opie,  "Disease  of  the  Pancreas." 

*  See  reference  to  Lando,  foot-note,  p.  728. 

'  For  a  study  of  the  pancreas  in  congenital  syphilis  see  Pearce,  Am.  Med.,  vol.  vi.,  p.  1020,  1903. 

*  For  recent  bibliography  of  primary  carcinoma  of  the  pancreas  see  BaldtPtn^  Phila.  Med.  Joiun 
Deo.  22d,  1900.  bibl. 
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These  dilatations  form  cysts  of  large  size,  as  large  even  as  a  child 's  head. 
Their  walls  frequently  undergo  degeneration  and  calcification.  These 
cysts  often  become  filled  with  blood,  and  may  then  be  mistaken  for 
aneurisms. 

3.  The  small  branches  of  the  pancreatic  duct  may  be  dilated  so  as  to 
form  a  number  of  small  cysts.  These  cysts  are  filled  with  serum,  mucus, 
pus,  or  a  thick,  cheesy  material. 

Cysts  of  the  pancreas  may  result  from  trauma,  inflammatory  closure 
or  obstruction  of  the  ducts,  from  old  areas  of  necrosis  or  haemorrhage, 
and  in  other  ways.* 

Concretions  of  carbonate  and  phosphate  of  lime  are  frequently  foimd 
in  the  pancreatic  ducts.  They  are  usually  multiple,  small,  whitish, 
smooth,  or  of  rough  and  irregular  shape.  Sometimes,  however,  they 
reach  a  diameter  of  more  than  an  inch.  They  consist  chiefly  of  calcium 
phosphate  and  carbonate.  Besides  these  free  concretions  the  walls  of 
the  ducts  are  sometimes  encrusted  with  salts  of  lime.  Such  concretions 
may  produce  dilatation  of  the  pancreatic  ducts  and  large  cysts,  or  more 
rarely  abscesses. 

Foreign  Bodies. — Gall-stones  sometimes  find  their  way  into  the 
pancreatic  duct.  Ascarides  have  been  found  in  the  ducts  in  a  consider- 
able number  of  cases. 

1  Consult  Txlger,  "Cysts  of  Pancreas."  Virch.  Arch.,  Bd.  cxxxvii..  p.  348,  1894,  bibl.;  akm  PiU 
Trans.  Assn.  Am.  Phys.,  vol.  xv.,  p.  254,  1900. 


CHAPTER  VIII. 

THE  LIVER. 

Malformations. 

Congenital  malformations  of  the  liver  are  not  common  and  are  of  little  practical 
importance.  The  organ  may  be  entirely  wanting;  the  lobes  may  be  diminished  or 
increased  in  number;  its  form  may  be  altered,  so  that  it  is  rounded,  flattened,  triangu- 
lar or  quadrangular.  The  gall-bladder  or  gall-ducts  may  be  wanting;  the  ductus 
choledochus  may  be  double,  both  ducts  emptying  into  the  duodenum,  or  one  emptying 
into  the  duodenum,  the  other  into  the  stomach.  The  single  ductus  choledochus  may 
also  empty  into  the  stomach.  Owing  to  abnormal  openings  in  the  diaphragm  or  the 
abdominal  parietes,  the  liver  may  sufifer  displacement  upward  or  forward.  In  con- 
genital transposition  of  the  viscera  the  liver  is  found  on  the  left  side,  the  stomach  and 
spleen  on  the  right  side. 

Small,  isolated  bodies,  having  the  same  structure  as  the  liver,  have  been  a  few 
times  found  in  the  suspensory  ligament  and  in  the  lesser  omentum. 

Acquired  Changes  in  Size  and  Position. 

As  a  result  of  tight  lacing  very  marked  changes  are  sometimes  produced  in  the 
shape  of  the  liver.  By  the  narrowing  of  the  base  of  the  thorax  the  organ  is  compressed 
from  side  to  side,  and  its  convex  surface  is  pressed  against  the  ribs.  In  consequence 
of  this  there  are  found  ridges  and  furrows  on  its  convex  surface.  In  consequence  also 
of  the  circular  constriction,  a  part  of  the  right,  and  usually  of  the  left  lobe  also,  be- 
comes separated  by  a  depression  (Fig.  15).  Over  this  depressed  and  thinned  portion 
of  the  liver  the  capsule  is  thick  and  opaque.  In  extreme  cases  the  depression  and 
thinning  reach  such  an  extent  that  there  is  only  a  loose,  ligamentous  connection 
between  the  separated  portion  and  the  liver. 

A  series  of  depressions  are  sometimes  found  on  the  upper  surface  of  the  right  lobe 
of  the  liver,  running  from  front  to  back,  apparently  caused  by  folds  of  the  organ. 

Structiu'al  alterations  in  the  liver  may  induce  changes  in  its  size  and  shape.  It 
may  be  increased  in  size  by  tumors,  hydatid  cysts,  abscesses,  fatty  and  amyloid  degen- 
eration, by  congestion,  and  sometimes  by  cirrhosis,  etc. 

It  may  be  diminished  in  size  by  atrophy,  by  cirrhosis,  by  acute  parenchymatous 
degeneration,  etc. 

Changes  in  the  position  of  the  liver  are  produced  by  alterations  in  its  size,  by  pres- 
sure downward  from  the  thoracic  cavity  and  upward  from  the  abdomen,  by  the  con- 
striction of  tight  lacing,  by  tumors  or  circumscribed  serous  exudation  between  the 
liver  and  diaphragm,  by  curvature  of  the  spine. 

The  liver  is  readily  tiu-ned,  by  pressure  from  above  or  below,  on  its  transverse  axis. 
The  transverse  colon  may  be  fixed  above  the  liver  so  as  to  push  it  backward,  down- 
ward, and  to  the  right.  There  are  a  few  cases  recorded  of  dislocated  and  movable 
livers.  These  occiu'red  in  women  who  had  borne  children  and  whose  abdominal  walls 
were  lax.     With  ascites  it  is  not  uncommon  to  find  the  liver  quite  movable.* 

WOUNDS,  RUPTURE,  AND  HAEMORRHAGE. 

Wounds  of  the  liver  may  induce  haemorrhage,  which,  if  life  continue, 
is  followed  by  inflammation.    Serious  wounds  of  the  liver  are  usually 

*  See  Graham^  "Displacements  of  the  Liver,"  Trans.  Assn.  Am.  Phys.,  vol.  x.,  p.  258,  1895,  bibL 
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fatal,  but  recovery  may  occur  even  after  the  destruction  of  a  considerable 
portion  of  the  organ. 

Rupture  of  the  liver  may  be  produced  by  severe  direct  contusions  or 
by  falls.  It  may  be  produced  in  children  by  artificial  delivery.  The 
rupture  usually  involves  both  the  capsule  and  a  more  or  less  consider- 
able portion  of  the  liver  tissue.  It  is  commonly  accompanied  by  large 
biemorrhage,  and  is  usually  fatal. 

Hsemorrhage. — Extravasations  of  blood  in  the  substance  of  the  liver, 
or  more  frequently  beneath  the  capsule,  may  be  found  in  new-bom  chil- 
dren after  tedious  or  forcible  labors.  In  adults,  haemorrhage,  except  as 
the  result  of  injury,  is  uncommon.  Extravasations  of  blood  are  some- 
times seen  in  malignant  malarial  fevers,  especially  in  tropical  climates; 
in  scurvy,  purpura,  and  phosphorus  poisoning;  and  bleeding  may  occur 
in  and  about  soft  tumors,  abscesses,  and  echinococcus  cysts.  It  may 
also  occur  as  a  result  of  thrombosis  of  the  hepatic  vein. 

AIlfBIIA  AND  HYPERjGHIA. 

Anaemia  of  the  liver  may  be  general  or  partial.  It  may  be  due  to 
general  antemia  or  to  local  disturbances  of  the  circulation,  such  as  swell- 
ing of  the  cells  in  parenchymatous  or  other  degeneration,  pressure  of 


Fio.  464. — Chbonic  Conoestioh  op  the  Lives— "  Nbtmeq  Lives." 
The  liver  celb  are  compleWly  atrophied  eicept  in  the  peripheries  of  the  lobulea.     The  centnl 
portkuu  of  the  lobules,  which  in  the  fmb  organ  are  darker  than  the  perfphecy,  ere  lighter  in  the  pre- 
served apeeimen  from  vbich  ihia  lection  was  cut,  because  the  htcmoglabin  haa  been  dissolved  out  of 
the  red  blood  cells. 

tumors,  etc.     The  organ  appears  pale,  often  of  slightly  yellowish   or 
brownish  color.     It  may  be  harder  than  usual,  and  smaller. 

Hyperemia  of  the  liver  is  either  an  active  or  a  passive  process.     In 
health  the  amount  of  blood  in  the  liver  varies  at  different  times,  being 
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regularly  increased  during  the  process  of  digestion.  When  the  digestive 
process  is  unduly  influenced  by  the  ingestion  of  spirits,  spices,  etc., 
the  hypenemia  assumes  abnormal  proportions,  and  when  this  is  often 
repeated  it  may  lead  to  structural  changes  in  the  organ.  Severe  contu- 
sions over  the  region  of  the  liver  sometimes  cause  a  hypenemia,  which 
may  result  in  suppurative  or  in  productive  inflammation.  In  hot 
climates  and  in  malarious  districts  active  and  chronic  hypersemia  of  the  ' 
liver  are  frequent  and  often  incite  structural  lesions.  In  scur\'y,  also, 
the  liver  is  sometimes  congested.  Cessation  and  suppression  of  the 
menses  and  of  hemorrhoidal  bleeding  may  be  followed  by  hypenemia  of 


Fio.   465.— Cbrohic  CaNaBanoN   or  tub   Litis. 
Showini  B  aingte  bbule.     The  eHpilkriee  about  the  ceutrsl  vein  are  widely  diat«nd«d  iritli  blood— 
deooloHied;  tfafl  liver  cellB  on  the  bonlenaearcat  the  di1af«dcApiUanei  ahow  v&rioud  phaBcaofpraeure 
Atrophy. 

the  liver.  In  all  these  varieties  of  active  congestion  the  liver  is  enlarged, 
of  a  deep  red  color,  and  blood  flows  freely  from  its  cut  surface. 

Passive  congestion  of  the  liver  is  produced  by  an  obstruction  to  the 
current  of  blood  in  the  hepatic  veins.  Valvular  diseases  of  the  heart, 
emphysema  and  fibrous  induration  of  the  lungs,  large  pleuritic  effusions, 
intrathoracic  tumors,  angular  curvature  of  the  spine,  aortic  aneurisms 
pressing  on  the  vena  cava,  and  constrictions  of  the  vena  cava  and  of  the 
hepatic  veins,  may  all  lead  to  a  chronic  hyperaemia  of  the  liver.  In  such 
cases,  since  the  congestion  affects  principally  the  hepatic  veins,  we  find 
the  centre  of  each  acinus  congested  and  red,  while  its  periphery  is  lighter 
in  color.  This  gives  to  the  liver  a  mottled  or  nutmeg  appearance  {niU- 
meg  liver)  (Fig.  4G4).  The  liver  cells  in  the  centre  of  each  acinus  are 
frequently  colored  by  little  granules  of  red  or  black  pigment,  and  the 
ceils  at  the  periphery  become  fatty,  so  that  the  nutmeg  appearance  is  still 
more  pronounced.  A  liver  in  this  condition  is  usually  of  medium  siae, 
but  may  be  smaller  or  larger  than  normal. 

When  the  congestion  is  long  continued  the  veins  at  the  centre  of  each 
acinus  may  become  permanently  dilated,  and  the  hepatic  cells  in  their 
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meshes  become  atrophied  (Figa.  465  and  466),  so  that  the  centre  of  each 
acinus  consists  only  of  dilated  capillaries  or  of  these  and  new  connective 
tissue;  or  the  dilatation  and  atrophy  of  the  liver  cells  may,  in  circum- 
scribed  portions   of   the  organ,   involve  the  entire   acinus.     In   long- 


continued  congestion  the  liver  is  usually  small  and  hard — cyanotic 
induration — and  may  be  rough  or  uneven  on  the  surface;  but  it  is  some- 
times enlarged.  The  peculiar  nutmeg  appearance  may  be  very  well 
marked,  or  it  may  not  be  evident,  the  organ  being  of  a  dark-red  color.' 

LESIONS  OF  THE  HEPATIC  VESSELS. 
The  Hepatic  Artery. 

The  hepatic  artery  is  in  rare  cases  the  seat  of  aneurisms  which  may 
attain  a  large  size.  Such  aneurisms  may  displace  the  liver  tissue,  com- 
press the  bile  ducts  so  as  to  cause  jaundice,  and  may  rupture  into  the 
stomach  or  abdomen. 

Owing  to  its  abundant  anastomoses,  emboli  of  the  branches  of  the 
hepatic  artery  usually  induce  no  marked  lesions,  but  they  sometimes 
result  in  single  or  multiple  ansemic  infarcts.' 

The  Portal  Vein. 

Thrombods,  Embolisin,  and  Inflammation. — ThroTtibosis  of  the 
branches  of  the  portal  vein  may  be  produced  by  weakening  of  the  circu- 
lation from  general  debility — marasmatic  thrombi;  by  pressure  on  the 
vessel  from  without,  as  in  cirrhosis,  chronic  peritonitis,  tumors,  gall- 

iFor  wiolber  i-iew  of  chronic  psHdve  confMIiDn  of  Ihe  liver  see  .UoUorv,  Jour.  Med.  Res..  ISll, 

M.S.  MX.,  455. 
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stones,  dilatation  of  the  bile  ducts,  etc.;  by  injury;  by  the  presence  of 
foreign  materials  within  the  vessel;  and  as  a  result  of  inflammation, 
especially  syphilitic,  of  its  wall — phlebitis — or  of  embolus.  The  throm- 
bus may  form  in  the  vessels  in  the  liver  or  be  propagated  into  them  from 
without.  It  may  partially  or  entirely  occlude  them.  The  clot  may 
become  organized  as  a  result  of  endophlebitis,  and  a  permanent  occlusion 
of  the  vessel  ensue.  If  the  clot  be  a  simpZe,  non-irritating  one,  leading  to 
occlusion,  the  consequences  are  usually  more  marked  in  the  abdominal 
viscera  than  in  the  liver  itself.  The  branches  of  the  hepatic  artery  form 
suflScient  anastomoses  usually  to  nourish  the  liver  tissue  and  prevent  its 
necrosis,  even  in  complete  occlusion  of  the  portal  vein;  and  if  occlusion 
occur  slowly,  the  organ  may  continue  to  perform  its  functions.  But  this 
obliterative  form  of  thrombosis  is  usually  attended  by  ascites,  enlarge- 
ment of  the  spleen,  dilatation  of  the  abdominal  veins,  and  sometimes  by 
haemorrhage  from  the  stomach  and  intestines. 

In  another  class  of  cases,  in  addition  to  the  local  and  mechanical 
effects  of  a  thrombus,  the  latter  may  be  infectious,  then  there  are  necrotic 
changes  and  suppurative  inflammation  in  the  walls  of  the  vessels  or 
in  the  liver  tissue  about  them.  The  thrombi  are  apt  to  soften  and 
break  down,  and  the  fragments  may  be  disseminated  through  the  smaller 
trunks  of  the  portal  vein.  In  this  way,  by  the  distribution  through  the 
smaller  vessels  of  a  disintegrated  thrombus  from  a  large  trunk,  or  by  the 
introduction  into  the  branches  of  the  portal  vein  of  purulent  or  septic 
material  from  some  of  the  abdominal  viscera  or  from  wounds,  multiple 
foci  of  purulent  inflammation  in  the  portal  vein,  and  multiple  abscesses 
involving  the  liver  tissue,  may  be  produced.  In  many  cases  the  pres- 
ence of  bacteria  may  be  detected  in  the  inflammatory  foci. 

These  soft  thrombi  of  the  portal  vein  and  the  accompanying  pyle- 
phlebitis and  abscess  are  induced  in  a  variety  of  ways.  Ulceration  of 
the  intestines  and  stomach,  abscesses  of  the  spleen,  suppurative  inflam- 
mation of  the  mesentery  and  mesenteric  glands,  inflammation  and  ulcer- 
ation of  the  bile  ducts  from  gall-stones,  inflammation  of  the  umbilical 
vein  in  infants,  may  all  induce  thrombi  in  their  respective  veins,  which 
may  be  propagated  to  the  portal  vein  or  may  give  rise  to  purulent  or 
septic  emboli.  Two  cases  are  recorded  in  which  a  fish-bone  in  the  portal 
vein  induced  suppurative  inflammation  in  that  vessel.' 

In  infants  inflammation  of  the  umbilical  vein  may  induce  not  only 
Inflammation  of  the  portal  vein  and  abscesses  in  the  liver,  but  multiple 
abscesses  in  various  parts  of  the  body,  and  acute  peritonitis  may  follow. 

Infarcts. — Infarcts  of  the  liver  seldom  form,  owing  to  the  abundant 
anastomosis  of  its  blood-vessels.  But  under  exceptional  conditions, 
as  we  have  seen,  ancemic  infarcts  may  form  as  the  result  of  the  closure 
of  the  hepatic  artery  or  also  of  small  branches  of  the  portal  vein.  There 
may  then  be  a  larger  or  smaller  mass  of  dead  liver  tissue  surrounded  by 
a  zone  of  congestive  or  inflammatory  reaction  (Fig.  467).  Occasionally 
also,  owing  usually  to  the  occlusion  of  branches  of  the  portal  vein,  lim- 

1  For  a  study  of  primary  portal  thrombosis  see  Letcis  and  Rosenow,  Arch.  Int.  Med.,  iii-,  232, 
1909.  bibl. 
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ited  areas  of  liver  tissue  may  suffer  disturbance  of  the  circulation  leading 
to  atrophy  of  the  liver  cells  and  the  formation  of  fibrous  tissue.  This 
condition  has  been  called  hamorrkagic  atrophic  infarction.  It  is  appar- 
ently rather  localized  atrophy  of  the  liver  than  true  infarction. 

It  is  probable  that  the  rare  occurrence  of  hepatic  infarcts  is  closely 


The  infarcts,  multipio  snil  large,  are  due  U  extensive  thromboais  of  braDchea  of  the  portal  vein. 

dependent  in  most  instances  upon  the  development  of  local  thrombosis  or 
embolism,  which  commonly  do  not  lead  to  infarction,  together  with  gen- 
eral disturbances  of  the  circulation  which  prevent  the  re-establishment 
of  equilibrium  in  the  hepatic  vessels. ' 

'.licin.ref.  footnote  p.  Tll;alio  Sleinhaut.  Deut. 
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Rupture  of  the  Portal  Vein,  with  fatty  degeneration  of  its  walls,  has 
occurred  in  a  few  instances. 

Chronic  Endophlebitis,  with  atheroma  and  calcification,  may  occur  in 
the  walls  of  the  portal  vein,  giving  rise  to  thrombosis. 

Dilatation  of  the  Portal  Vein,  either  uniform  or  varicose,  may  occur  in 
various  parts  of  the  vessel  or  its  branches.  It  may  be  caused  by  destruc- 
tion of  the  liver  capillaries  in  cirrhosis,  or  by  occlusion  of  the  vein  by 
thrombi,  tumors,  etc. 

The  Hepatic  Veins. 

The  hepatic  veins  present  lesions  similar  to  those  of  the  portal  vein 
and  its  branches,  but  they  are  much  less  frequent.  The  veins  may  be 
dilated  by  obstruction  to  the  passage  of  venous  blood  into  the  heart. 
They  may  be  the  seat  of  acute  and  chronic  inflammation,  and  soft  thrombi 
and  suppurative  inflammation  may  be  produced  by  abscesses  in  the 
liver.  Rarely  there  is  a  localized  obliterating  phlebitis  in  the  hepatic 
vein  followed  by  chronic  congestion,  interstitial  inflammation,  and 
thrombosis.' 

ATROPHY  OF  THE  LIVER. 

Atrophy  of  the  liver  may  affect  the  entire  organ  or  be  confined  to 
some  part  of  it.  General  atrophy  may  occur  in  old  age  as  a  senile 
change,  or  may  be  induced  by  starvation  or  chronic  exhausting  diseases. 
The  organ  is  diminished  in  size,  is  usually  firm,  and  the  acini  appear 
smaller  than  usual.  Microscopically  the  change  is  seen  to  be  due  to  a 
diminution; in  size  of  the  liver  cells,  and  hand-in-hand  with  this  there 
occurs  freqiiiehtly  an  accumulation  of  pigment  granules  within  the  atro- 
phied cells.  The  cells  may  entirely  disappeax  over  circumscribed  areas, 
leaving  only  shrivelled  blood-vessels  and' connective  ti^e;  or,  in  some 
cases,  there  may  be  an  increase  of  connective  tissue  associated  with 
the  atrophy  of  the  cells.  When  much  pigment  is  formed  in  the  cells  the 
lesion  is  often  called  pigment  atrophy. 

Essentially  the  same  changes  may  occur  in  circumscribed  portions  of 
the  liver,  as  the  result  of  pressure  from  new  connective  tissue  in  cirrhosis, 
from  tumors,  hydatids,  amyloid  degeneration,  gall-stones,  etc.  In 
atrophy  from  pressure  the  liver  cells  are  apt  to  become  very  much  flat- 
tened and  squeezed  together  as  they  diminish  in  size. 

NECROSIS. 

Necroses  in  the  liver  may  occur  under  various  conditions  and  in 
many  forms.* 

Minute  areas  of  necrosis  of  liver  cells,  focal  necrosis  (see  p.  58),  are 

1  Consult  for  obliterating  phlebitis  of  the  main  trunks  of  the  hepatic  vein  as  a  cause  of  death, 
Chiari,  Ziegler's  Beitr.,  Bd.  xxvi.,  p.  1,  1899,  bibl. 

'  For  a  study  of  necrose  of  the  liver  see  Mallory,  Jour,  of  Med.  Res.,  vol.  vi.,  1901,  p.  264. 
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found  irregularly  scattered  through  the  organ  in  various  acute  infections, 
and  may  be  artificially  induced  in  animals  by  the  injection  of  bacteria 
or  other  vegetable  toxins,  such  as  ricin  and  abrin.^ 

More  extensive  necroses  of  liver  cells,  especially  about  the  central 
vein,  frequently  occur,  usually  in  acute  infectious  diseases — diphtheria, 
endocarditis,  lobar  pneumonia,  peritonitis,  cerebro-spinal  meningitis.' 
This  has  been  called  central  necrosis. 

Necrosis  in  the  liver  may,  however,  be  limited  to  the  peripheral 
zone  of  the  lobule,  peripheral  necrosis.  This  condition  has  been  described 
in  a  few  instances,  especially  in  connection  with  eclampsia. 

Finally,  the  necrosis  of  parenchyma  cells  in  the  liver  may  be  limited 
to  the  middle  zone  of  the  lobule,  ^^midzonal  necrosis,^' 

In  most  of  these  forms  of  so-called  "zonal  necrosis'"  bacterial  toxins 
or  infections  appear  to  be  the  chief  determining  factor. 

Many  of  the  necroses  of  the  liver  are  doubtless  due  to  the  action  of 
bacteria  or  bacterial  toxins.  The  focal  forms  may  be  determined  by  the 
local  growth  of  bacteria,  by  the  occlusion  of  capillaries  by  swollen  and 
proliferated  endothelial  cells,  as  in  typhoid  fever,  or  by  fibrinous  or 
agglutinative  thrombi. 

The  reason  for  the  topography  of  the  lesion  in  the  various  forms  of 
"zonal  necrosis"  has  not  yet  been  definitely  determined.  Nor  is  the 
relation  of  these  to  certain  phases  of  so-called  acute  yellow  atrophy  of  the 
liver,  clear. 

Pearce  has  shown*  that  by  the  injection  into  animals  pi  hsemagglutinative  sub- 
stances contained  in  various  cytolytic  immune  sera,  agglutinative  thrombi  may  form 
in  the  capillaries  and  smaller  branches  of  the  portal  vein,  leading  to  necrosis  of  the 
liver.  The  position  and  extent  of  these  areas  of  hyaline  necroses  vary  with  the  amoimt 
of  the  serum  administered.  They  are  mostly  superficial,  and  may  be  small  and  focal 
or  involve  nearly  all  the  parenchyma  of  the  lobule,  except  that  in  the  vicinity  of  the 
p)ortal  spaces. 

Pearce  and  Winne'  have  shown  that  similar  lesions  may  follow  the  injection  of 
hemagglutinins  of  bacterial  origin.  In  these  areas  of  hyaline  necrosis  the  liver  cells 
stain  poorly  with  eosin;  the  nuclei  do  not  stain  and  may  be  seen  only  as  faint  outlines, 
or  they  are  shrunken. 

Oertel  has  described  the  occurrence  of  multiple  circumscribed  necrotic  and  atrophic 
foci  in  the  liver  not  associated  with  local  infective  processes  and  without  marks  of 
inflammation  or  connective-tissue  hyperplasia.  These  are  associated  with  stasis  in 
the  blood,  and  bile  capillaries,  and  local  portal  sclerosis.  These  areas  contain  bile 
pigment.  This  lesion  is  most  marked  about  the  central  vein,  and  may  vary  in  extent. 
It  is  associated  with  jaundice.  The  lesion  is  diffuse  in  the  liver,  often  running  in 
streaks  which  merge  into  normal  liver  tissue.  Thus  the  liver  becomes  tough,  pale, 
bile-stained,  with  obscured  markings.  The  liver  cells  in  the  affected  areas  apparently 
lose  their  cytoplasm,  leaving  a  well-preserved  outline,  and  may  contain  fat. 

For  this  lesion  the  designation  multiple  non-inflammatory  necrosis  of  the  liver  with 
jaundice  is  suggested.* 

1  Plexner,  Johns  Hopkins  Hosp.  Rep.,  voL  vi.,  p.  259,  1897;  MaUory^  Jour.  Exp.  Med.,  vol.  iii., 
p.  611,  1898. 

*  Mallorj/,  Jour.  Med.  Ree.,  vol.  vi.,  p.  264,  1901. 

*  For  a  study  of  "zonal  necroses"  of  the  liver  see  Opte,  Jour.  Med.  Res.,  voL  xii.,  p.  147,  1904. 

*  Pearce,  Jour.  Med.  Res.,  vol.  xii.,  p.  329,  1904;  also  iind.,  vol.  xiv.,  p.  541,  1906. 

*  Pearce  and  Wtnne,  Amer.  Jour.  Med.  Sci.,  vol.  cxxviii.,  p.  669   1904. 

*Oertei,  Jour.  Med.  Ree.,  vol.  xii.,  p.  75,  1904;  Jour.  Exp.  Med.,  vol.  vii.,  p.  103,  1906,  and  Berl. 
Klin.  Wchnschr.,  1912,  xUx.,  2019.  For  a  study  of  changes  in  necrotic  cells  in  cytolysis  in  the  Uver  and 
elsewhere  see  Symmere,  Jour.  Exp.  Med.,  vol.  ix.,  p.  64,  1907. 
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Rowland  and  Richards^  have  shown  that  chloroform  ansesthesia  in  animals  repeated 
on  several  successive  days  induces  fatty  degeneration  or  hyaline  necrosis  or  both,  of 
the  liver  cells  in  the  central  portion  of  the  lobules.  Whipple  and  Sperry'  found  that 
animals  may  recover  from  the  chloroform  liver  necroses  with  complete  restitution  of 
the  cells  after  two  or  three  weeks. 

The  acute  degenerations  of  the  liver  occurring  in  eclampsia,  in  which  condition 
chloroform  is  often  administered,  require  careful  scrutiny  in  view  of  the  striking  lesions 
of  necrosis  induced  by  chloroform  alone. 


DEGENERATION. 

Albtmiinous  Degeneration. — In  the  infectious  diseases  and  in  certain 
cases  of  acute  anaemia  and  phosphorus  poisoning,  the  liver  is  swollen 
and,  on  section,  of  a  dull  yellowish  gray  color,  looking  as  if  it  had  been 
boiled.  It  contains  less  blood  than  usual,  and  the  outlines  of  the  lobules 
are  indistinct.  Microscopical  examination  shows  the  lesion  to  consist  of 
a  swelling  of  the  liver  cells  and  an  accumulation  in  them  of  moderately 
refractile,  finer  and  coarser  albuminous  granules.  These  granules  may 
disappear  and  the  cells  return  to  their  normal  condition,  or  fatty  degen- 
eration may  follow.  Fatty  and  parenchymatous  degenerations  are  often 
associated. 

Acute  Yellow  Atrophy  (Acute  Parenchymatous  Degeneration). — This 
rare  condition  is  characterized  anatomically  by  a  rapid  diminution  in  the 
size  of  the  liver  as  the  result  of  a  granular  and  fatty  degeneration, 
necrosis,  and  disintegration  of  the  liver  cells.  It  is  frequently  associated 
with  the  clinical  condition  called  icterus  gravis.  The  liver,  sometimes 
within  a  few  days,  may  be  reduced  to  one-half  its  normal  size.  On  open- 
ing the  abdominal  cavity  the  organ  may  be  found  lying,  concealed  by 
the  diaphragm,  close  against  the  vertebral  column.  The  amount  of 
diminution  and  the  general  appearance  of  the  afifected  organ  depend  to  a 
considerable  extent  upon  its  previous  condition — i.e.,  whether  or  not  it 
was  the  seat  of  other  lesions — as  well  as  upon  the  duration  of  the  process 
and  the  degree  of  degenerative  change.  In  general,  if  the  lesion  is  well 
marked,  the  liver  is  small,  flabby — sometimes  almost  fluctuating — and 
the  capsule  wrinkled.  On  section  the  cut  surface  may  show  but  little 
trace  of  lobular  structure,  but  present  an  irregular  mottling  with 
gray,  ochre-yellow,  or  red;  sometimes  one  sometimes  another  color 
preponderating. 

Microscopical  examination  shows  varying  degrees  of  degeneration  and 
destruction  of  the  liver  cells.  Most  evidently  in  those  parts  which  have 
a  grayish  appearance,  the  outlines  of  the  cells  are  preserved  and  the  proto- 
plasm is  filled  with  larger  and  smaller  granules.  In  the  yellow  portions 
the  outlines  of  the  liver  cells  may  be  preserved,  and  they  may  contain 
varying  quantities  of  larger  and  smaller  fat  droplets  and  granules  of 
yellow  pigment.  Or  the  cells  may  be  necrotic  or  disintegrated,  and  in 
their  place  are  irregular  collections  of  fat  droplets,  hyaline  material,  pig- 
ment granules,  red  and  yellow  crystals,  and  detritus;  only  the  connective 

*  Rowland  and  Richards,  Jour.  Exp.  Med.,  xi.,  344,  1909;  see  also  OjwV,  ref.  page  718. 

*  Whipple  and  Sperry,  Johns  Hop.  Hosp.  Bull.,  xx.,  278,  1909. 
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tissue  and  blood-vesaels  of  the  original  Uver  tissue  remaining  (Fig.  468). 
The  red  areas  may  show  nearly  complete  absence  of  liver  cells  and  cell 
detritus,  and  sometimes  irregular  rows  of  cells  which  are  variously 
interpreted  as  being  new-formed  gall-ducts  or  proliferated  Kver  cells, 
marking  a  reparative  process  which  may  be  extensive.^  In  these  areas  it 
appears  to  be,  in  part  at  least,  the  blood  contained  in  the  vessels  which 
imparts  the  red  color.  Sometimes  the  interstitial  tissue  is  infiltrated 
with  small  spheroidal  cells  resembling  leucocytes.  Crystals  of  leucin  and 
tyrosin  are  sometimes  found  intermingled  with  the  cell  detritus.  In 
some  cases  the  liver  is  not  diminished  in  size.  In  eariy  stages  it  may 
even  be  larger  than  normal. 

These  lesions  of  the  liver  are  frequently  associated  with  enlargement 


Fra.  4eS.~AcuTi  Yellow  Atropbt  or  tbb  Livbe. 

The  liver  c«lla  in  the  periphsry  of  Che  lobule  bib  little  cbaoced;  tboee  towud  the  oentre  en 

luriely  deatroyed. 

of  the  spleen  and  parenchymatous  degeneration  of  the  kidney  and  of  the 
heart  muscle.  Multiple  hEemorrhages  may  occur  in  the  gastro-intestinal 
canal,  kidneys,  bladder,  and  lungs.  There  is  frequently  marked  jaundice. 
The  condition  above  described  as  acute  yellow  atrophy  of  the  liver 
sometimes  occurs  in  persons  previously  apparently  well,  but  may  accom- 
pany infectious  diseases — typhoid  fever,  diphtheria,  puerperal  infection, 
etc. — and  may  be  seen  in  eclampsia  and  pernicious  vomiting  in  preg- 
nancy. While  the  nature  of  the  condition  is  not  well  understood  it 
seem^  probable  that  the  lesion  is  essentially  a  necrosis  and  degeneration 
resulting  from  toxic  substances  produced  either  in  bacterial  infection  or 
through  faulty  cell  metabolism  and  followed  by  more  or  less  pronounced 
autolysis.     It  is  probably  erroneous  to  consider  the  lesions  of  the  Uver 

'For  a  itudy  of  regenerntive  changes  in  Ihe  liver  efler  acute  yeDo*  atrophy  tee  lUacCatlwn, 
Johni  Hopkine  H<np.  Rep,,  vol.  x..  [002.  p.  37S:  abo  Ptarci,  Jour.  Med.  Ra.,  vol.  xv..  p.  96,  ISOfi. 
See  aba  for  repair  o[  liver,  Muir.  Jour,  of  Path.,  lii..  3S7,  1  HIS  nod  « I'Jnt,  Proc.  N.  Y.  Path.  Soc. 
Oct.  and  .Nov.,  1000. 
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described  under  the  name  of  acute  yellow  atrophy  as  marking  a  single 
disease  process. 

As  to  the  details  of  the  pathogenesis  of  this  condition,  opinions  differ, 
and  the  whole  subject  is  in  urgent  need  of  more  exact  research. 

In  the  forms  of  this  liver  lesion  which  mark  the  toxeemia  of  pregnancy, 
whether  these  be  clinically  manifested  in  eclampsia,  pernicious  vomiting, 
or  other  less  well  marked  abnormal  conditions,  there  appears  to  be 
a  disturbance  of  nitrogenous  metabolism  in  the  liver,  associated  with 
the  characteristic  rapid  destruction  of  the  parenchyma.' 

It  should  be  borne  in  mind,  finally,  that  while  acute  yellow  atrophy 
of  the  liver  has  been  regarded  as  an  especially  fatal  lesion,  there  is  abun- 
dant clinical  and  morphological  evidence  that  various  grades  of  the  lesion 
may  occur  and  that  recovery  from  many  forms  with  regeneration  of  liver 
tissue  is  not  uncommon.' 


PorH 
(lit,  whUs 
thiauictia 

a  of  Ihe  periphery  of  a  lobule,  ■howine  many  liver  cells  digteuded  with  BBiucle  brge  drop  of 
between  the»  are  Uvar  »llii  with  amall  fat  deplete  and  othere  flattened  by  presiurB.    In 
o,  hardened  by  alcohol,  the  fat  haa  been  diasolved,  leaving  clear  ipacee. 

EzperimenUl  Studies. — The  experiment.^  of  Opie'  in  inducing  in  animals  lesions 
comparable  with  those  of  acute  yellow  atrophy  in  man  are  very  su^estive.  Opie 
found  that  after  the  relatively  slight  injur}'  of  the  liver  parenchyma  induced  by  re- 
peated doses  of  chloroform  in  dogs,  the  injection  of  Bacillus  coli — not  itself  especiilly 
virulent  for  these  animals — may  be  followed  by  changes  in  the  liver  which  neither  the 
chloroform  (seep.  716)  nor  the  bacteria  alone  can  induce.  For  under  these  conditions 
he  found  that  the  liver  cells  may  be  largely  destroyed  by  necrosis,  the  remainder  be- 
ing fatty,  while  evidence  of  reparative  changes^new  fibrous  tissue  and  new-formed 
gall-ducts,  such  as  are  often  seen  in  acute  yellow  atrophy  in  man — was  strikingly 
shown.  In  view  of  these  experiments  Opie  calls  attention  to  the  possibility  that 
some  of  the  lesions  of  the  toxaemia  of  pregnancy  and  acute  yellow  atrophy  in  man 
may  in  fact  be  due  to  the  action  of  bacteria  or  their  poisons  on  liver  cells  already 
vulnerable  from  metabolic  or  other  forms  of  ii 


Proo.  Path.  So*.,  Phila.,  xiii.,  05,  IBIO.     For  a 
Med.  St..  I9IS,  cxiiii,  177.  bibl. 
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Fatty  Infiltration. — In  the  normal  human  liver  there  is  usually  a  cer- 
tain amount  of  fat  in  the  liver  cells,  and  this  amount  varies  considerably 
under  difEerent  conditions. 

The  gross  appearance  of  pathological  fatty  livers  varies  a  good  deal, 
depending  upon  the  amount  and  distribution  of  fat  and  its  association 
with  other  changes.  If  the  lesion  is  un- 
complicated and  considerable,  the  organ 
is  increased  in  size,  the  edges  are  rounded 
the  consistence  is  firm,  the  color  yellow 
ish,  and  the  cut  surface  greasy  The 
lobules  are  enlarged  and  their  outlmes 
indistinct,  and  the  blood  content  is 
diminished.  The  liver  is  increased  m 
weight.  The  lesion  may  be  uniform 
throughout  the  organ  or  it  may  occur 
in  patches.  In  the  latter  ease  the  liver 
has  a  mottled  appearance,  irregular  yel- 
lowish patches  alternating  with  the  brownish  red,  unaffected  portions. 

Fatty  infiltration  is  often  associated  with  chronic  congestion  (nutmeg 
liver),  with  cirrhosis  and  amyloid  degeneration;  the  picture  may  then 
present  considerable  complexity.  Fatty  livers  may  be  stained  brown  or 
greenish  with  bile  pigment. 


— F*ITT  Infiltratiom  I 


Microscopically  the  liver  cells  are  seen  to  contain  larger  and  smaller 
droplets  of  fat  (Fig,  469),  and  frequently  large  drops  of  fat  occupy  nearly 
the  entire  volume  of  the  cell,  so  that  the  protoplasm  may  be  visible  only 
as  a  narrow,  nucleated  crescent  at  one  side,  or  it  may  disappear  alto- 
gether (Fig.  470). 

Fatty  infiltration  of  the  liver  may  occur  as  a  result  of  excessive 
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ingestion  of  oleaginous  food;  in  chronic  alcohol,  phosphorus,  and  arsenic 
poisoning;  in  certain  exhausting  diseases  accompanied  by  malnutrition, 
as  in  pulmonary  phthisis,  chronic  dysentery,  etc.;  and  under  a  variety 
of  conditions  which  we  do  not  understand.  It  is  common  in  children, 
especially  in  acute  infectious  diseases.' 

Fatty  Degeneratlon.^In  this  condition,  which  in  many  cases  camiot 
be  distinguished  morphologically  from  fatty  infiltration,  the  fat  is 
believed  to  be  formed  by  a  transformation  of  the  protoplasm  of  the  liver 
cells  (see  p.  40).  The  fat  droplets  are,  for  the  most  part,  very  small  and 
abundant  (Fig.  471),  though  this  is  not  constant.     Fatty  degeneration 


d  aad  occluded  by  the  amyloid  maUrial:  the  liver  celll 
DCtween  tbem  are  utropbied. 

of  the  liver  cells  frequently  follows,  and  is  associated  with,  cloudy 
swelling  under  the  varying  conditions  in  which  this  occurs,  or  it  may 
appear  in  profound  ansmia  and  in  acute  phosphorus  and  arsenic 
poisoning.' 

Amyloid  Degeneration. — In  the  liver  amyloid  degeneration  may  be 
general  or  local;  so  extensive  as  to  give  the  organ  very  characteristic 
appearances,  or  so  slight  as  to  be  unrecognizable  without  the  aid  of  the 
microscope.  It  may  be  associated  with  other  lesions.  When  the  change 
is  extensive  and  general  the  liver  is  enlarged  sometimes  to  more  than 
twice  its  normal  size;  the  edges  are  thickened  and  rounded;  the  surface 
is  smooth;  the  tissue  tough,  firm,  inelastic,  more  or  less  translucent,  and 
of  a  brownish  yellow  color.  The  lobular  structure  may  be  more  or  less 
indistinct,  or  it  may  become  very  evident  by  an  associated  fatty  degen- 
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eration  of  the  peripheral  or  central  cells  of  the  lobules.  The  translu- 
cency  and  peculiar  appearance  of  the  tissue  may  be  best  seen  by  slicing 
oS  a  thin  section  and  holding  it  up  to  the  light.  When  the  lesion  is  less 
considerable  the  liver  may  be  of  the  usual  size,  and  may  feel  harder  than 
normal,  and  here  and  there  a  translucent  mottling  may  be  evident,  or 
the  degeneration  may  be  apparent  only  on  the  addition  of  staining 
agents.  When,  as  is  frequently  the  case,  it  is  associated  with  cirrhosis, 
the  liver  may  be  small  and  nodular,  and  the  appearance  of  the  cut  sur- 
face varies,  depending  upon  the  character  of  the  cirrhotic  change  and 
the  presence  or  absence  of  fat. 

This  degeneration  usually  com  men  ces  in  the  walls  of  the  intralobular 
blood-vessels,  causing  them  to  become  thickened  and  translucent  (Fig. 
472).     Their  lumen  may  be  nearly  or  entirely  occluded.     The  liver  cells 
may  be  squeezed  by  the  thickening  of  the  vessels  and  may  become 
partially  or  completely  atrophied,   or  they  may   be  fatty.     Amyloid 
degeneration  may  also  involve  the  interlobular  vessels,  and  in  advanced 
stages  larger  and  smaller  areas  of  liver  tissue  may  be  almost  completely 
converted  into  the  dense,  re- 
fract ile    substance    in    which 
here  and  there  flattened  liver 
cells  may  be  seen. 

Amyloid  degeneration  of 
the  liver  is  usually  associated 
with  a  similar  lesion  of  other 
organs. 

Glycogen  Degeneratios. — 
This  may  occur  in  the  liver 
cells  in  d'  " 


Pigmentation  of  the  liver 
cells,  from  bile  and  blood  de- 
rivatives, is  to  a  certain  extent 
normal,   but  may  be  greatly 

increased   as   a  result   of  atro-         "ithin  'the   oapillariw.    Pigmented    mnlarial   pansiM 

phy,  of  localized  haemorrhage,       ""^^  ' '"°  "  '""*  " 

and  of  obstructive  jaundice.     Pigmentation  of  the  liver  may  be  marked 

in  hiemochromatosis  (see  p.  54). 

As  a  result  of  severe  malarial  poisoning  a  variable  amount  of  brown, 
black,  or  feddish  pigment  is  often  found  in  the  blood.  This  is  usually 
mostly  taken  up  by  the  leucocytes  and  deposited  in  various  parts  of  the 
body,  chiefly  in  the  liver,  spleen,  and  marrow  of  the  bones.  In  the  liver 
it  is  usually  found  enclosed  in  the  endothelial  cells'  free  or  in  place  in  the 
blood-vessels  (see  Fig.  473),  but  sometimes  in  the  tissue  between  them, 

'  For  a  study  oF  the  pbngocytic  ponen  of  the  endotheliBl  cells  o[  (be  blood- vesaela  of  the  liver 
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The  liver  cells  frequently  contain  bile  pigment,  but  usually  are  free  from 
the  melanotic  pigment  characteristic  of  this  malarial  condition.  As  the 
result  of  this  accumulation  of  pigment  the  liver  may  have  a  dark  reddish 
brown,  an  olive  brown,  or  a  black  color  (sometimes  called  bronze  liver). 

Pigment  similar  in  character  to  that  which  occurs  in  the  lungs  from 
the  inhalation  of  coal  dust  may  be  found  in  the  connective  tissue  along 
the  portal  vessels.  Inhaled  pigment  particles  may  pass  the  lungs  and 
bronchial  lymph-nodes,  and  be  deposited  in  the  liver  as  they  are  in  the 
spleen  and  hepatic  lymph-nodes. 

CALCIFICATION. 

This  lesion  of  the  liver  is  rare.  The  deposit  of  lime  may  be  in  the 
vicinity  of  the  arteries  or  the  veins.* 

INFLAKMATION.     (Hepatitis.) 

Acute  Exudative  Hepatitis  (Purulent  Hepatitis) . — ^Purulent  or  suppura- 
tive inflammation  of  the  liver  may  be  the  result  of  injury;  it  may  be 
secondary  to  inflammation  of  the  gall-ducts  or  the  branches  of  the  portal 
vein.  It  may  occur  as  the  result  of  the  presence  of  tumors  and  parasites, 
or  from  propagation  of  an  inflammatory  process  from  without,  as  in  ulcer 
of  the  stomach  with  adhesions  to  the  liver  and  secondary  involvement  of 
the  latter.  It  is  often  directly  due  to  the  introduction  of  bacteria  into 
the  organ,  through  the  blood-vessels  or  gall-ducts  or  otherwise.  Puru- 
lent inflammation  in  the  liver  almost  always  results  in  abscess. 

Large  abscesses  of  the  liver  may  be  traumatic,  but  are  often  due  to 
unknown  causes.  They  are  not  infrequently  associated  with  dysentery, 
and  may  then  be  due  to  the  conveyance  of  micro-organisms  through  the 
veins,  or  lymph-channels,  or  peritoneum,  or  gall-ducts  from  the  intestinal 
ulcers.  Such  abscesses  may  be  due  to  the  presence  of  the  amceba  coli. 
They  occur  most  frequently  in  tropical  climates — hence  the  name  tropical 
abscess — but  are  not  very  uncommon  in  the  temperate  zone.  They  are 
usually  single,  but  there  may  be  several  of  them.  They  are  sometimes 
so  large  as  to  occupy  a  large  part  of  the  lobe.  They  are  most  frequent 
in  the  right  lobe,  but  may  occur  in  any  part  of  the  organ.  They  tend  to 
enlarge,  and  as  they  do  so  they  approach  the  surface  of  the  liver.  Here 
the  contents  of  the  abscess  may  be  discharged  into  the  peritoneal  cavity. 
More  frequently,  however,  as  they  approach  the  surface,  a  localized 
adhesive  peritonitis  ensues,  so  that  the  liver  becomes  bound  to  adjacent 
parts,  and  thus  the  abscess  may  open  into  the  pleural  cavity,  or,  owing 
to  a  secondary  pleurisy  with  adhesions,  into  the  lung  tissue.  They  may 
open  into  the  pericardium.  They  may  open  externally  through  the 
abdominal  wall;  into  the  stomach,  duodenum,  colon,  or  pelvis  of  the  right 
kidney;  into  the  hepatic  veins,  portal  vein,  vena  cava,  or  gall-bladder 
or  gall-ducts. 

The  early  stages  in  the  formation  of  large  abscesses  of  the  liver  are 

1  See  Brill  and  Libman,  Jour.  Exp.  Med.,  vol.  iv.,  p.  541,  1899. 
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but  little  known.  It  ia  probable,  however,  that  in  many  cases  they  are 
the  result  of  the  confluence  of  smaller  abscesses  (Fig.  488).  Tbeir  con- 
tents, usually  bad-smelling,  may  be  thick  and  yellow  like  ordinary  pus, 
but  more  commonly  they  are  thin,  reddish-brown,  or  greenish  in  color 
from  admixture  with  the  pus  of  blood,  gall  pigment,  and  broken-down 
liver  tissue.  Microscopical  examination  shows  the  contents  to  consist  of 
fluid  with  pus  cells,  more  or  less  degenerated  blood,  degenerated  liver 
cells,  fragments  of  blood-vessela,  and  pigment  granules  and  crystals. 
The  walls  of  the  abscess  are  usually  ragged,  shreds  of  necrotic  liver  tissue 
hanging  from  the  sides.     Microscopical  examination  of  the  liver  tissue 


t  vae  LiTBR  Cdntaihihq  BAciLLr. 

near  the  abscesa  showa  infiltration  with  pus,  flattening  of  the  liver  cells 
from  pressure,  cloudy  swelling,  and  necrosia  of  thoae  lying  along  the 
cavity,' 

The  amoebic  abscesses  are  usually  free  from  bacteria.  Other  abscesses 
may  contain  the  Bacillus  coli  communis  or  the  Streptococcus  pyogenes 
or  Staphylococcus  pyogenes. 

Not  infrequently,  however,  especially  in  old  abscesses,  examination 
both  morphological  and  cultural  fails  to  reveal  the  presence  of  micro- 
organisms. 

After  the  discharge  of  the  contents  of  the  abscess  or  without  this,  if 
it  be  not  very  large,  granulation  tissue  may  form  in  the  wall  of  the  cavity 
and  a  fibrous  capsule  be  produced,  enclosing  the  contents,  which  become 

'er  HoioiTd  and  Hoover.  Am.  Jour.  Ued.  Sci..  vol. 
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thickened  and  often  calcareous,  and  in  this  condition  may  remain  for  a 
long  time.  Or  the  connective-tissue  walls  may  approach  one  another 
and  join,  forming  a  fibrous  cicatrix  at  the  seat  of  the  abscess. 

Small  mxdtiple  metastatic  abscesses  are  not  infrequent  in  pyEcmia.  In 
these  abscesses  we  can  readily  study  the  various  stages  of  formation. 
Suppurative  processes  in  any  part  of  the  body — in  the  head,  upper  and 
lower  extremities,  etc.— may  act  as  distributing  centres  for  micro- 
organisms.' These,  entering  the  circulation,  may  pass  the  heart  and 
pulmonary  capillaries,  with  or  without  inducing  lesions  in  the  lungs,  and, 
lodging  in  the  vessels  of  the  liver,  induce  circumscribed  necrosis  of  the 
liver  tissue  (see  Fig.  56,  p.  89)  and  suppurative  inflammation.  Under 
these  conditions  we  may  find  on  section  of  the  liver  larger  and  smaller 
yellowish  or  grayish  spots,  the  larger  of  which  may  be  soft  and  present 


the  usual  characters  of  abscesses.  The  smaller,  which  may  not  be  larger 
than  a  pin's  head,  may  present  the  usual  consistence  of  liver  tissue  with 
the  lobular  structure  still  evident;  others  may  be  softer,  more  yellow, 
and  surrounded  by  a  zone  of  hypersemic  liver  tissue.  Microscopical 
examination  of  the  earlier  stages  often  shows  the  blood-vessels  filled  with 
bacteria,  scattered  and  in  masses.  Around  these  the  liver  cells  are  found 
in  various  stages  of  necrosis;  in  many  the  nuclei  do  not  stain  and  the 
bodies  are  very  granular,  or  the  entire  cell  is  broken  down  into  a  mass 
of  detritus.  About  these  necrotic  islets  of  liver  cells,  pus  cells  collect 
and  often  form  a  zone  of  dense  infiltration  (Fig.  57,  p.  90).  Thus,  by 
the  increase  of  pus  cells  and  the  necrosis  of  liver  tissue,  small  abscesses 
are  formed  whose  contents  are  intermingled  with  greater  or  less  num- 
bers of  bacteria  (Fig.  474),  which  seem  to  increase  in  number  as  the 
process  goes  on.     By  the  confluence  of  small  abscesses  larger  ones  may 
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be  formed.     Death  usually  ensues,  however,  before  the  abscesses  attain 
a  very  large  size. 

Chronic  Interstitial  Hepatitis  (ClrrhoBls).' — The  most  marked  result  of 
chronic  interstitial  hepatitis  is  the  formation  of  new  connective  tissue  in 
the  liver.  The  character,  amount,  and  distribution  of  the  new  tissue 
vary  greatly  in  diSerent  cases.  Secondarily  there  are  usually  marked 
changes  in  the  liver  cells  and  in  the  blood-veasels  and  gall-ducts.  The 
new  tissue  is  most  commonly  formed  and  most  abundant  in  the  periphery 


Fio.   <T6. — Cbkonic  iNTEBannAi.  Hifa 
On  Mcount  of  the  rough  lurfaee  mieh  liven  are  tometimn  ailed  "hobDBJI  liven."    Tbk  cut  ia 

of  the  lobules  along  the  so-called  capsule  of  Glisson,  but  it  may  extend 
into  the  lobules  between  the  liver  cells.  It  may  surround  single  lobules, 
or  more  frequently  larger  and  smaller  groups  of  lobules  (Tig.  475).  It 
may  occur  in  broad  or  narrow,  irregular  streaks  or  bands  and  is  associated 
with  the  old  fibrous  stroma  of  the  organ.  It  is  frequently  more  abundant 
in  one  part  of  the  liver  than  in  another.  The  new-formed  tissue  tends 
to  contract,  and  thus  compromise  by  pressure  the  enclosed  islets  of  liver 

^  VftHoiu  aamea  have  been  appJied  to  tbe  fonD  of  ciirhosJB  described  under  this  head:  Portal 
eirrfaoaii,  fibroua  liver.  Ibcudsc  ciniiosis.  hoboBil  liver,  grsnular  liver.  See  (or  delailn  of  liver  leaiou 
SoUaUn,  "DiHSHs  of  Ibe  Liver,"  1905. 
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tissue,  causing  them  to  project,  in  larger  and  smaller  nodules,  from  the 
surface  of  the  organ.  The  liver  cells  may  be  flattened  or  atrophied  from 
pressure;  or,  from  interference  with  the  portal  circulation,  they  may 
atrophy  or  become  fatty;  or  they  may  become  colored  with  bile  pig- 
ment.    This  form  of  lesion  is  called  atrophic  cirrhosis. 

The  varied  appearances  which  cirrhotic  livers  present  to  the  naked 
eye  depend  largely  upon  the  amount  and  distribution  of  the  new  con- 
nective tissue  and  upon  the  secondary  changes  in  the  liver  cells.  The 
surface  may  be  very  rough  and  uneven  from  the  projection  of  larger 
and  smaller  irregular-shaped  nodules  of  liver  tissue  (Fig.  476)  between 
which  are  the  depressed  contracted  bands  of  new-formed  connective 


Fio.    477.- 
.   Showing  a  pocUoD  of  the  sectioa 


tissue.  On  the  other  hand,  the  surface  of  the  liver  may  be  smooth,  when 
the  new  connective-tissue  bands  are  small,  evenly  distributed,  or  little 
contracted.  Again  the  liver  may  be  greatly  distorted  and  misshapen 
by  the  atrophy  of  the  parenchyma  and  the  contraction  of  large  and 
irregular  bands  or  masses  of  new  connective  tissue.  In  sections  through 
cirrhotic  livers  the  new  tissue  may  not  be  visible  to  the  naked  eye,  or  it 
may  appear  as  grayish,  irregular  streaks,  or  bands,  or  patches,  often 
sharply  outlined  against  the  dark-red,  or  brown,  or  yellow,  or  greenish 
yellow  parenchyma.  When,  as  is  often  the  case,  fatty  infiltration  is 
associated  with  atrophic  cirrhosis,  the  liver  may  not  only  not  be  dimin- 
ished in  size,  but  may  be  larger  than  normal. 
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On  microscopical  examination  the  new  connective  tissue  is  found  in 
some  cases  loose  in  texture  and  containing  many  variously  shaped  cells; 
or  it  may  be  dense  and  contain  comparatively  few  cells;  it  is  usually 
quite  vascular  and  contains  a  relatively  large  number  of  elastic  fibrils.* 

The  connective  tissue  is  most  abundant  between  the  lobular  masses  of 
liver  parenchyma,  but  it  may  encroach  more  or  less  upon  their  periph- 
eries. Small  gall-ducts,  some  of  them  at  least  apparently  new-formed, 
are  usually  present  in  the  connective 
tissue  around  the  islets  of  parenchyma 
(Fig.  477) .  Some  of  these  may  usually 
be  found  continuous  with  the  old 
ducts  or  gall  capillaries.  Sometimes 
rows  of  more  or  less  cuboidal  cells  in 
the  connective  tissue  appear  to  be 
liver  cells  which  have  reverted  to  a 
simpler  type  (Fig.  478).'  From  the 
old  liver  cells  or  from  the  cells  of  the 
new-formed  gall-ducts  new  liver  cells 
are  produced  so  that  here  as  in  certain 
cases  of  acute  yellow  atrophy  a  repar- 
ative process  is  initiated  and  a  certain 
amount  of  new  parenchyma  may 
form.* 

The  branches  of  the  hepatic  and 
portal  veins,  particularly  the  latter, 

often  become  obliterated  by  pressure         fio.  478.— Nbw-toiuied  call-docts 
from  the  new   connective   tissue   or  '"  Ci'^"™'^' 

*  1  '     XI- '    1        *  e  ..L    •  tT  The  Bectkm  sbovs  tba  proiectkm  into  the 

from  chronic  thickenmg  of  their  walls,     new  oonnective   Imuo  timn  ths  rows  of  old 

SO    as    seriously    to    interfere    with   ""?'  ™'''-  "'  "I  °»»",  reMmbiiiig  gau-duet 

,,         ,         ^.  •'      ,  ^    .,.  ,     ,,         epitbe-liuiD.    ThB  may   bo   ioterpnled  ta  an 

the    functions     and    nutrition     of    the     exumple  of  nvenion  of  the  differeatiatad  Uvei 

liver  cells.*  The  bile-ducts  also  may  "eit  to  a  Bimpier  type. 
become  obliterated,  or  there  may  be  catarrhal  inflammation,  especially 
of  the  larger  trunks.  The  branches  of  the  hepatic  artery  are  much  less 
liable  to  alterations  than  the  other  vessels.  The  capsule  of  the  liver  is 
usually  thickened,  either  uniformly  or  in  irregular  patches;  or  its  surface 
may  be  roughened  by  larger  and  smaller  papillary  projections.  The 
liver  is  frequently  bound  to  the  diaphragm  or  other  adjacent  organs  by 
connective-tissue  adhesions.  Amyloid  and  fatty  degeneration  may  be 
associated  with  cirrhosis.  Cirrhotic  livers  frequently  show  an  unusual 
number  of  leucocytes  in  the  blood-vessels. 

The  obstruction  to  the  portal  circulation  induced  by  cirrhosis  usually 
gives  rise  to  a  number  of  secondary  lesions,  since  collateral  circulation 
is  rarely  established  in  sufficient  degree  to  afford  much  relief.  The 
hamorrhoidal  and  vesical  veins  may  be  greatly  enlarged,  and  also  veins 

■  For  B  itudy  of  ths  abarscter  of  the  nen  coaaecCive  tiuue  in  cirrhoaig  we  Flcxnrr,  Univenit]' 
Medical  UnKuine,  voL  liii.,  p.  ei3.  1900. 

>  For  ODnaJdention  of  nvenioD  see  p.  63. 

'  Se«  ref.  Muir,  p.  717. 

•  For  a  atudy  of  (ho  incresH  al  portal  proauro  in  portal  ciniiogia  afo  HfrricJi,  Jour.  Exp.  Med. 
-vol.  ii.,  p.  93.  1M7. 
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of  communication  between  Glisson's   capsule  and  the   diaphragmatic 
veins. 

In  rare  cases  a  very  peculiar  dilatation  of  the  cutaneous  veins  about 
the  umbilicus  is  observed.  The  enlarged  veins  form  a  circular  network 
around  the  umbilicus,  or  a  pyramidal  tumor  beside  it,  or  all  the  veins  of 
the  abdominal  wall,  from  the  epigastrium  to  the  inguinal  region,  are 
dilated.  This  condition  is  said  to  be  dependent  upon  the  congenital 
non-closure  and  subsequent  dilatation  of  the  umbilical  vein  and  its  anas- 
tomoses with  the  internal  mammary,  epigastric,  and  cutaneous  veins. 
According  to  Sappey,  it  is  not  the  umbilical  vein  which  is  dilated,  but  a 
vein  which  accompanies  the  ligamentum  teres. 

There  is  very  frequently  also  a  dilatation  of  the  veins  of  the  abdom- 
inal wall,  which  has  a  different  origin.  It  is  produced  by  the  pressure  of 
the  fluid  of  ascites  on  the  vena  cava,  and  is  found  with  ascites  from  any 
cause  and  with  abdominal  tumors. 

Ascites  is  the  most  common  secondary  lesion  of  atrophic  cirrhosis. 
It  usually  begins  at  an  early  stage  of  the  disease,  and  is  apt  to  increase 
constantly.  It  generally  precedes  oedema  of  the  feet,  but  both  may 
appear  at  the  same  time.  This  fluid  is  of  a  clear  yellow  or  brown,  green 
or  red;  it  is  sometimes  mixed  with  shreds  of  fibrin,  and  more  rarely 
with  blood.  The  peritoneum  remains  normal,  or  becomes  opaque  and 
thick,  or  there  may  be  adhesions  between  the  viscera. 

The  spleen  is  very  frequently  enlarged,  and  the  enlargement  may  be 
considerable.  When  it  is  not  increased  in  size  this  seems  usuaUy  due 
to  previous  atrophy  of  the  organ,  or  to  fibrous  thickening  of  its  capsule, 
or  to  haemorrhages  from  the  stomach  and  bowels  occurring  just  before 
death. 

The  pancreas  is  usually  the  seat  of  more  or  less  marked  interstitial 
hyperplasia.^ 

The  stomach  and  intestines  are  often  secondarily  affected  by  the 
obstruction  to  the  portal  circulation.  Profuse  haemorrhage  from  the 
stomach  and  intestines  may  occur  and  sometimes  cause  sudden  death. 
The  mucous  membrane  is  then  found  pale,  or  congested,  or  with  haemor- 
rhagic  erosions.  The  haemorrhage  not  infrequently  results  from  rupture 
of  oesophageal  varices  which  are  present,  especially  in  the  lower  portion, 
in  a  noteworthy  proportion  of  cases  of  atrophic  cirrhosis.'  Sometimes 
the  blood  is  infiltrated  in  the  coats  of  the  stomach  and  intestines. 

The  mucous  membrane  of  the  stomach,  and  of  the  entire  length  of  the 
intestines,  is  frequently  the  seat  of  chronic  catarrhal  inflammation,  and 
is  sometimes  uniformly  and  intensely  congested  and  coated  with  mucus. 
In  other  cases  both  the  mucous  and  muscular  coats  are  pale,  but  very 
markedly  thickened. 

Cirrhosis  of  the  liver  is  not  infrequently  accompanied  by  chronic 
diffuse  nephritis. 

Hypertrophic  Cirrhosis. — There  is  a  form  of  interstitial  hepatitis  in 

1  For  a  study  of  pancreas  lesions  in  hepatic  cirrhosis  see  Lando,  Zeits.  f.  Heilkunde,  Abt  f.  p«th. 
Ajiat.,  Bd.  xxvii.,  p.  1,  1906. 

'For  a  critical  summary  of  gastro-intestinal  haemorrhage  in  ciniiosis,  with  bibhocraphy,  Me 
Preble,  Am.  Jour.  Med.  Sci.,  vol.  cxix.,  p.  263,  1900. 
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which  the  growth  of  new  tissue  not  only  occurs  between  the  lobules,  but 
extends  into  the  lobule  between  the  liver  cells  (Fig.  479).  Under  these 
conditions  even  in  advanced  forms  of  the  lesion  the  liver  may  be  enlarged, 
the  surface  may  be  smooth  or  slightly  roughened,  the  parenchyma  is 
often  bile-stained.  This  form  of  interstitial  hepatitis  is  called  hyper- 
trophic cirrhosis.  There  is  a  form  of  interstitial  hepatitis,  usually  of  the 
hypertrophic  type,  in  which  the  growth  of  connective  tissue  is  moat 
marked  in  the  vicinity  of  the  smaller  bile-ducts.  This  often  occurs  in  con- 
nection with  obstruction  of  the  bile-ducts,  and  the  lesion  is  called  biliary 
cirrkosis.  In  "biliary  cirrhosis"  marked  jaundice  is  afrequent  symptom, 
while  ascites  is  moderate  or  absent.  In  certain  cases  there  is  a  marked 
difference  in  the  gross  and  microscopic  appearance  in  atrophic  and  hyper- 


trophic cirrhosis,  but  intermediate  forms  occur.  The  difference  in  the 
conditions  which  lead  to  these  two  forms  of  cirrhosis  of  the  liver,  the 
atrophic  and  the  hypertrophic,  is  not  yet  clear,  and  the  distinctions 
which  have  been  made  between  them,  in  part  clinical,  in  part  morpho- 
logical, are  often  unsatisfactory. 

The  causes  of  cirrhosis  are  imperfectly  understood.  It  is  a  disease 
of  adult  life,  but  exceptionally  occurs  in  children.'  Congenital  cirrhosis 
with  obliteration  of  the  bile-duct  is  of  occasional  occurrence.'  In  adults 
it  seems  in  many  cases  to  be  directly  dependent  upon  the  continued 
ingestion  of  large  quantities  of  strong  alcoholic  liquors.  It  very  rarely 
occurs  as  a  result  of  beer  drinking. 

Doubtless  many  of  the  irregular  cirrhotic  lesions  are  the  result  of 
repair  in  antecedent  necroses  and  profound  degenerative  processes  like 
the  so-called  acute  yellow  atrophy  of  the  liver, 

and  Suic,  Jour.,  September  11, 1902. 
753,  biblio(rapb/. 
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There  are  many  cases  of  cirrhosis  for  which  no  primary  inciting 
condition  can  be  discovered. 

The  Nature  of  Cirrhosis. — Cirrhosis  of  the  liver  was  formerly  believed 
to  be  primarily  a  productive  inflammation  of  the  interstitial  fibrous 
tissue  with  secondary  atrophy  of  the  parenchyma.  It  is  now  clear, 
however,  that  in  most  instances  it  is  primarily  due  to  atrophic  or  destruc- 
tive changes  in  the  liver  cells  which  precede  or  accompany  the  formation 
of  the  fibrous  tissue,  and  the  regenerative  processes  in  the  liver  cells  and 
gall-ducts.  The  lesion  is  thus  more  properly  considered  as  a  replace- 
ment hyperplasia.  This  marks  cirrhosis  of  the  liver  as  a  reparative 
process.^ 

EXPERDfEirrAL  CIRRHOSIS. 

The  attempt  has  often  been  made  to  induce  cirrhosis  of  the  liver  in 
animals.*  Interstitial  lesions  have  been  secured  in  many  ways,  but  in 
extent  and  character  most  of  them  differ  widely  from  cirrhosis  in  man. 

Recently,  however,  chloroform  has  been  used  for  this  purpose. 
Among  the  most  striking  results  of  the  action  of  this  agent  are  those 
secured  by  Opie,'  who  found  that  by  the  administration  of  chloroform 
to  dogs  by  the  stomach  in  small  doses,  frequently  repeated  so  as  to 
thwart  the  immediate  restitution  of  liver  cells  (see  p.  727),  sclerotic 
changes  presently  set  in,  marked  by  new  connective-tissue,  new  bile-duct 
formation,  etc.,  so  that  the  lesion  is  fairly  comparable  with  that  of 
cirrhosis  in  man. 

Opie  further  found  that  by  associating  with  the  chloroform  admin- 
istration injections  of  Bacillus  coli,  lesions  may  be  induced  still  more 
clearly  resembling  those  of  advanced  cirrhosis  in  man,  with  active  new 
formation  of  gall-ducts.* 

Welch^  has  described  the  occurrence  of  small  circumscribed  areas  of 
fibrous  tissue  in  the  liver,  replacing  liver  cells  and  containing  coal  pig- 
ment.    This  rare  lesion  he  has  called  cirrhosis  hepatis  anthracotica. 

Syphilitic  Hepatitis. — Chronic  interstitial  inflammation  of  the  liver 
very  frequently  results  from  syphilitic  infection,  either  congenitally  or 
in  the  later  stages  of  the  acquired  form.  It  may  occur  in  a  diffuse  man- 
ner, new  connective  tissue  being  formed  either  between  the  lobules,  or 
within  them  between  the  rows  of  liver  cells.  The  new  tissue  may  be 
rich  in  cells,  or  dense  and  firm.®  This  form  is  frequently  seen  in  children, 
and  cannot  be  distinguished,  either  macroscopically  or  microscopically, 
from  similar  forms  of  interstitial  hepatitis  from  other  causes. 

^  For  Kenesis  of  liver  cirrhoeis  see  Ribfbert,  Deutach  Med.  Woohenschr.,  1908,  No.  39. 
>  Grover,  Jour.  Amer.  Med.  Assn.,  1913,  Ixi.,  458,  ri9um6  and  bibl. 

*  Opie,  Jour.  Exp.  Med.  xiL,  367,  1910. 

*  For  a  further  study  of  the  reparative  phases  of  cirrhosis  see  MacCctUum,  Jour.  Am.  Med.  Aasn.,  toL 
xliii.,  p.  649,  1904.  For  a  riaumi  of  nature  and  lesions  of  cirrhosis  see  KeUy,  Am.  Jour.  Med.  Sci.,  roL 
cxxx.,  p.  951,  1905.  See  for  studies  on  experimental  cirrhosis  of  the  liver  Pearce,  Jour.  Exp.  Med^ 
vol.  viii.,  p.  64,  1906.  bibl.;  also  Jour.  Med.  Res.,  vol.  xv.,  p.  99,  1906;  LdsMuer,  Beri.  klin.  Wchnschr., 
1914,  li.,  114  and  159.  For  relation  of  cirrhosis  to  chronic  protein  intoxication  see  Lonffcope,  Trans. 
Assn.  Amer.  Phys.,  1913,  xxviii,  427. 

*  Welch,  "Cirrhosis  hepatis  anthracotica,"  Johns  Hopkins  Hosp.  Bull.,  voL  ii.,  p.  32. 1891. 

*  For  a  description  of  congenital  liver  cirrhosis  with  giant  cells  see  Binder,  Viroh.  Arch.,  Bd.  clxxviL, 
p.  44,  1904. 
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In  other. cases,  particularly  in  children,  there  may  be  numerous  small 
gummata  (so-called  miliary  gummata)  (Fig.  160,  p.  274)  scattered 
through  the  liver,  together  with  more  or  less  new  connective  tissue. 
An  extensive  formation  of  giant  cells  in  the  liver  has  been  described 
in  connection  with  congenital  syphilis.'  In  adults,  gummata  are  usually 
larger,  varying  in  size  from  that  of  a  pea  to  a  hen  'a  egg,  and  may  be 
surrounded  by  larger  and  smaller  irregular  zones  of  ordinary  connective 
tissue  (Fig.  480).  In  still  other  cases  in  adults  there  are  larger  and 
smaller  dense,  irregular  bands  or  masses  of  connective  tissue  running 
through  the  liver,  drawing  in  the  capsule  and  often  causing  great  defor- 
mity'of  the  organ  (Fig.  481).     These  bands  and  masses  of  new  tissue 


FlO.   480. — Genu  A    OF    LiVEH. 

a,  Ch«ay  centre:  b.  flbrous  peripheiy;  c.  imall-ceUed  peripheral  infiltratkni;ii,  portnnB  of  liver  lobulak 

The  drawinc  is  somawbut  schematic. 

may  or  may  not  enclose  gummata,  either  large  or  small.  These  deform- 
ing cicatrices,  either  with  or  without  gummata,  are  very  characteristic 
of  syphilitic  inflammation  of  the  liver. 

This,  like  the  simple  interstitial  inflammation  of  the  liver,  may  be 
associated  with  fatty  and  waxy  degeneration,  and  with  atrophy  of  the 
parenchyma  from  pressure. 

Tuberculous  Hepatitis. — This  lesion,  which  is  usually  secondary  to 
tuberculous  inflammation  in  some  other  part  of  the  body,  or  a  part  of 
acute  general  miliary  tuberculosis,  is  most  frequently  characterized  by 
the  formation  of  larger  and  smaller  miliary  tubercles,  which  may  be 
eitfier  within  or  between  the  liver  lobules  or  in  the  walls  of  the  bile-ducts. 
Many  of  the  tubercles  are  too  small  to  be  seen  with  the  naked  eye; 
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others  may  be  just  visible  aa  grayish  points;  still  others  may  be  from  1 
to  3  mm.  in  diameter,  with  distinct  yellowish-white  centres.  Micro- 
scopical examination  shows  considerable  variation  in  the  structure  of 
the  tubercles  in  different  cases,  as  well  as  in  the  same  liver.  Some  of 
them,  usually  the  smaller  ones,  consist  simply  of  more  or  less  circum- 
scribed collections  of  small  spheroidal  cells,  which  are  not  morphologically 
distinguishable,  so  far  as  the  form  and  arrangement  of  the  cells  are 
concerned,  from  simple  inflammatory  foci,  or  from  the  diffuse  masses 
of  lymphatic  tissue  which  occur  normally  in  the  liver. 


The  liver  i>  greatly  deformed  by  tbe  ooattactioD  of  new-fonned  cooneetivc  tissue.     The  is«ffd  «urfM« 

In  other  forms  we  find  a  well-marked  reticulum  with  larger  and 
smaller  spheroidal  and  polyhedral  cells,  with  or  without  giant  cells.  Id 
still  other  forms  there  is  more  or  less  extensive  cheesy  degeneratioD 
(Fig,  482) ,  The  larger  forms  are  conglomerate,  being  composed  of  several 
tubercle  granula  joined  together  to  form  a  single  nodular  mass.  The  li^r 
cells  at  the  seat  of  the  tubercle  are  destroyed,  and  the  interstitial  tissue 
and  blood-vessels  are  either  destroyed  or  merged  into  the  tubercle  tissue- 
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In  the  periphery  of  the  tubercles  the  liver  cells  may  be  in  a  condition 
of  coagulation  necrosis,  and  the  tisBue  round  about  may  be  infiltrated 
with  email  spheroidal  cells.  There  is  in  some  cases  a  new  formation  of 
gall-ducts  or  of  structures  which  resemble  these  and  which  in  transverse 
sections  resemble  giant  cells.  Tubercle  bacilli,  frequently  in  small 
numbers,  but  often  in  great  abundance,  may  be  found  within  the  tubercles. 

Tuberculosis  of  the  liver  may  be  associated  with  cirrhosis,  or  waxy 
and  fatty  degeneration. 

Much  more  rarely  than  the  above  form  there  are  found  in  the  liver 
more  or  less  numerous  scattered  tuberculous  masses  from  the  size  of  a  pea 
to  that  of  a  walnut  or  larger,  with  cheesy  centres  and  usually  a  new 


growth  of  connective  tissue  in  the  periphery.  These  so-called  solitary 
ti^erdes  of  the  liver  may  be  softened  at  the  centres.  Tuberculous  inflam- 
mation of  the  gall-ducts  may  give  rise  to  numerous  scattered,  cheesy 
nodules,  as  large  as  a  pea  or  larger,  which  may  be  softened  at  the  centre 
and  stained  yellow  with  bile.  Small  cavities  may  thus  be  formed.' 
This  lesion  is  rare  and  seems  to  be  more  frequent  in  children  than  in 
adults. 

Peribepatttis. — Acute  exudative  inflammation  of  the  serous  covering  of 
the  liver,  with  the  formation  of  fibrin,  may  occur  as  a  part  of  acute  gen- 
eral or  localized  peritonitis,  or  over  the  surface  of  abscesses,  tumors, 
hydatids,  etc.,  of  the  organ,  when  these  lie  near  or  approach  the  surface; 
or  it  may  be  secondary  to  acute  pleurisy. 
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Chronic  perihepatitis y  resulting  in  the  thickening  of  the  capsule  of  the 
liver,  and  the  formation  of  new  connective  tissue  in  and  beneath  it  may 
be  secondary  to  an  acute  inflammation  of  the  capsule,  or  it  may  be 
chronic  from  the  beginning  and  associated  with  chronic  pleurisy,  chronic 
peritonitis,  and  cirrhosis.  In  this  way  more  or  less  extensive  adhesions 
of  the  liver  to  adjacent  structures  may  be  formed;  or,  by  contraction  of 
the  new-formed  connective  tissue,  considerable  deformity  of  the  liver  may 
be  produced.  The  capsule  is  sometimes  uniformly  thickened,  sometimes 
the  new  tissue  occurs  in  more  or  less  sharply  circumscribed  patches.  The 
surface  is  sometimes  roughened  from  little,  irregular,  projecting  masses 
of  connective  tissue.  Microscopically  the  new-formed  tissue  is  usually 
dense  and  firm,  but  it  may  be  loose  in  texture  and  contain  many  cells. 
Not  infrequently  bands  or  masses  of  connective  tissue  run  inward  from 
the  thickened  capsule  between  the  superficial  lobules,  causing  localized 
atrophy  of  the  parenchyma. 

HYPERPLASIA  OF  LYMPHATIC  TISSUE  IN  THE  LIVER. 

In  some  forms  of  leukaemia  and  pseudo-leukaemia  the  liver  is  not 
infrequently  enlarged  and  soft  and  besprinkled  with  small  white  spots,  or 
streaked  with  narrow  whitish,  irregular  bands,  or  it  may  be  of  a  diffuse 
grayish  color.  Microscopical  examination  shows  this  change  to  be  due 
to  an  accumulation  of  cells  resembling  leucocytes,  either  along  the  portal 
vein,  or  diffusely  through  the  liver  tissue,  or  in  small  circumscribed 
masses.  The  amount  of  accumulation  of  these  small  cells  varies  much, 
but  is  sometimes  so  great  as  seriously  to  compromise  the  liver  cells.  The 
origin  of  these  new  cells  is  not  yet  definitely  known.  They  may  be,  and 
doubtless  in  part  are,  brought  to  the  organ  through  the  portal  vein;  but 
they  may,  in  part  at  least,  be  formed  in  the  liver  itself,  possibly  from  the 
capillary  endothelium.     (See  Fig.  282,  p.  477.) 

In  typhoid  fever,  smallpox,  scarlatina,  diphtheria,  and  measles,  small 
circumscribed  masses  of  spheroidal  cells  are  sometimes  found  in  the 
liver.  These  nodules  differ  in  character,  some  are  due  to  focal  necroses, 
such  as  occur  in  various  toxaemias  with  a  later  multiplication  of  cells  or 
invasion  of  leucocytes.  In  some,  as  in  typhoid  fever,  there  is  necrosis 
with  proliferation  of  endothelium  (see  p.  241).  Finally,  some  of  the 
small  masses  of  spheroidal  cells  encountered  in  the  liver  in  infectious 
diseases  are  doubtless  hyperplastic  lymph-nodules.^ 

TUMORS  OF  THE  LIVER. 

Tumors  of  the  liver  may  be  primary  or  secondary;  the  latter  are 
most  common. 

Cavernous  Angiomata. — These  tumors,  usually  small,  are  most  com- 
mon in  elderly  persons  and  are  of  no  practical  significance.  They  may  be 
situated  at  the  surface  (Fig.  483)  or  embedded  in  the  organ,  and  are  of 
a  dark  red  color;  sometimes  sharply  circumscribed  by  a  connective- 

1  For  changes  in  the  blood  in  diseases  of  the  liver  consult  Evfing'a  "Clinical  Patholosy  of  the  Blood. 
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tissue  capsule,  sometimes  merging  imperceptibly  into  the  adjacent  liver 
tissue.  Microscopically  they  consist  of  a  congeries  of  irregular  cavities 
(Fig.  239,  p.  394)  filled  with  blood  and  frequently  communicating 
freely  with  one  another.  The  walls  of  the  cavities  consist  of  connective 
tissue,  often  containing  small  blood-vessels,  and  are  sometimes  thick, 
sometimes  thin.  They  are  believed  to  be  formed  by  dilatation  of  the 
liver  capillaries,  with  subsequent  thickening  of  their  walls  and  atrophy 
of  the  adjacent  liver  cells.  By  the  organization  of  clots  within  the  blood 
cavities  these  tumors  may  be  partially  or  entirely  converted  into  masses 
of  dense  fibrous  tissue.' 

Small  fibromata  and  Upomata  have  been  described,  also  fibro-neuro- 
mata  of  the  sympathetic.  Endotbelloma  and  bypernephroma  are 
recorded. 


Fia.  483.— Cavebnods  AtiataUA  or  the  Liver. 

Adenomata  of  the  liver  are  of  not  infrequent  occurrence.  They  are 
sometimes  small  and  circumscribed,  sometimes  very  large  and  multiple. 
They  present  two  tolerably  distinct  types  of  structure.  In  one  form  the 
tissue  presents  essentially  the  same  structure  as  normal  liver  tissue, 
except  that  the  arrangement  of  the  cells  is  less  uniform  and  the  cells  are 
apt  to  be  larger.  They  look  like  little  islets  of  liver  tissue,  sometimes 
encapsulated  and  sometimes  not,  lying  in  the  liver  parenchyma.  In  the 
other  form  the  cells  are  less  like  liver  cells,  are  frequently  cylindrical, 
and  are  arranged  in  the  form  of  irregular  masses  of  tubular  structures 
with  more  or  less  well-defined  lumina.  These  tumors  are  sometimes 
large  and  multiple,  and  in  one  case  described  by  Greenfield  there  were 
metastatic  tumors  in  the  lungs.     These  tubular  adenomata  are  in  some 

>  Btt  Merkd.  Zissler'B  Bettr..  Bd.  xnvi .  p.  S74,  1904. 
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cases  so  closely  similar  to  some  of  the  carcinomata  as  to  be  scarcely  dis- 
tinguishable from  them,  and  seem,  indeed,  to  merge  into  them.' 

Aberrant  nodules  of  adrenal  tissue  have  been  found  in  the  liver  and 
may  be  mistaken  for  adenomata.'     Cysts  may  develop  in  adenomata.^ 

Carcinomata  are  the  most  common  and  important  of  the  liver  tumors, 
and  may  be  primary  and  secondary.  Primary  carcinomata  derived  either 
from  the  liver  epithelium  or  from  that  of  the  gall-ducts,  and  in  some 
cases  are  arranged  along  the  larger  trunks.  The  cells  are  usually  poly- 
hedral, sometimes  cylindrical,  and  may  be  arranged  irregularly  in  alveoli 
or  form  more  or  less  well-defined  tubular  structures.* 

Secondary  carcinoma  of  the  liver,  which  is  by  far  the  most  common,  is 
usually-due  to  the  dissemination  in  the  organ  of  tumor  cells  from  carci- 


•omeare  while,  Bome  are  dark  red  from  hEinorrhine.     The  Inrjer  tumnr  at  the  left  to  sotMsimi  »'  u» 

nomata  of  the  stomach,  intestines,  pancreas,  or  gall-bladder.  But  it 
may  be  the  result  of  metastases  from  the  mamma,  oesophagus,  uterus, 
and  various  other  parts  of  the  body.  In  secondary  carcinoma  the  cells 
resemble  more  or  less  closely  the  type  of  those  forming  the  primary  tumor. 
The  form  in  which  the  carcinoma  in  the  liver  occurs  varies  consider- 
ably. Sometimes  the  tumors  are  single,  but  more  often  multiple  {Fig. 
484) ;  they  may  be  very  large,  or  so  small  as  to  be  scarcely  visible  to  the 
naked  eye;  very  frequently  numerous  small  nodules  are  grouped  in  the 
periphery  of  a  larger  one.  They  are  sometimes  deeply  embedded  in  the 
liver,  sometimes  they  project  from  the  surface.  The  liver  is  frequently 
and  sometimes  enormously  enlarged.    The  nodules  are  usually  whitish  or 

'  Sokolaf  baa  described  so  nileno-caniaoma  of  the  liver  with  ciliated  celb.  Virrshon's  Arch.,  Bd. 
cUii.,  p.  1,  IBOO.  bibl.  of  allkd  tumors.  See  also  HerrAriflfr,  CbL  f.  Path,,  Bd.  xiiL,  1902.  p.70i.  F« 
a  «tudy  of  the  ori«ia  and  growth  of  liver  Bdenomn  bog  Waitold.  Ziegler's  Beitr..  Bd.  ixiii.,  p.  *H. 
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yellowish  or  pink  in  color  or  bile-stained,  and  they  are  often  the  seat  of 
haemorrhages,  and  may  become  softened  at  the  centre,  forming  cysts  filled 
with  degenerated  tumor  tissue  often  mixed  with  blood.  The  nodules  are 
sometimes  hard,  sometimes  soft  and  almost  diflBuent.  Fatty  degenera- 
tion in  the  tumor  is  frequent,  and  may  be  recognized  by  yellowish  streaks 
or  patches  on  the  sections.  Owing  to  the  degeneration  and  partial  absorp- 
tion of  the  central  portions  of  the  tumors,  the  nodules  on  the  surface  of 
the  liver  frequently  present  a  shallow  depression  at  the  centre.  The 
tumors  may  be  sharply  outlined  against  the  adjacent  liver  tissue,  or  may 
merge  imperceptibly  into  it.  They  may  be  so  large  or  numerous  as  to 
occupy  the  greater  part  of  the  enlarged  organ.  The  neighboring  liver 
cells  may  be  flattened  and  atrophic.  The  tumors  may  press  upon  the 
portal  vein  or  its  branches,  or  upon  the  gall-ducts,  and  thus  seriously 
interfere  with  the  functions  of  the  organ.  Sometimes,  however,  the 
tumors  are  very  large  and  numerous  without  apparent  interference  with 
the  function  of  the  liver.  Melanotic  carcinomata  sometimes  occur  in  the 
liver,  most  frequently  as  secondary  tumors. 

In  some  cases,  instead  of  forming  separate,  distinct  nodules,  the 
cancerous  growth  develops  in  the  form  of  a  diffuse  infiltration  of  the  organ, 
so  that  the  often  greatly  enlarged  liver  is  irregularly  mottled  with  white 
and  reddish  brown  masses,  and  may  then  somewhat  resemble  certain 
forms  of  chronic  interstitial  hepatitis. 

Sarcomata. — Spindle-  and  round-celled  sarcoma  and  angio-sarcoma 
are  among  the  more  frequent  types  of  the  rarely  occurring  primary 
sarcomata  of  the  liver.*  Spindle-celled,  melanotic,  and  telangiectatic 
sarcomata  may  occur  in  the  liver  as  secondary  tumors.*  Secondary 
myzomata  and  chondromata  have  also  been  described,  but  they  are  very 
rare.     Cavernous  lymphangiomata  have  been  described  in  a  few  cases. 

CYSTS  OF  THE  UVER. 

Cysts,  usually  of  small  size,  may  be  formed  by  dilatation  of  the  bile- 
ducts.  They  may  be  multiple  and  contain  serum,  mucus,  and  degener- 
ated epithelium.  Single  cysts,  apparently  unconnected  with  the  gall- 
ducts,  are  occasionally  found  in  the  connective  tissue  of  the  liver.  They 
may  be  lined  with  ciliated  epithelium. 

The  liver  is  sometimes  the  seat  of  larger  and  smaller  single  or  multiple 
cystSy  varying  from  microscopical  size  up  to  that  of  a  pea,  and  sometimes 
larger.  They  are  sometimes  associated  with  multiple  cysts  of  the  kid- 
ney and  with  congenital  anomalies  in  other  parts  of  the  body.  They 
may  be  associated  with  aberrant  bile-ducts  within  the  liver  in  which 
the  studies  of  Moschcowitz  show  that  they  probably  originate.*  A 
teratoma  of  the  liver  has  been  described  by  Misick."* 

^  Amoldt  Ziegler*8  Beitr.  2.  path.  Anat,  Bd.  riii.,  p.  123,  1890;  also,  for  later  summary  of  primary 
liver  sarooma,  Marx,  Cbl.  f.  PaUi.,  Bd.  xv.,  p.  433,  1904. 

*  See  Hektoen  and  Herrick,  Trans.  Assn.  Am.  Phys.,  vol.  xiii.,  p.  385,  1898. 

*  See  for  study  of  non-parasitic  cysts  of  the  liver,  with  bibl.,  Moschcowitz,  Am.  Jour.  Med.  Soi.,  vol. 
.cxxxi.,  p.  674, 1906.     See  also  "biliary  angioma"  of  liver,  Caatelli,  Arch.  gen.  de  m6d.,  1913,  xxv.,  623. 

*  Mxnek,  Jour  Path,  and  Bact.,  vol.  v..  p.  128.  1898. 
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Foamy  Liver. — Occasionally  the  liver  is  found  at  the  autopsy,  even 
if  this  be  made  but  a  few  hours  after  death,  more  or  less  completely  rid- 
dled with  small,  irregular-shaped  cavities,  from  the  size  of  a  pin 's  head  to 
that  of  a  pea.  These  holes  are  due  to  the  accumulation  of  gasea  in  the 
liver,  formed  by  the  Bacillus  aerogenes  capaulatus.  This  is  the  so-called 
"foamy  liver"  (Fig.  485). 


Fio.  485.— "FoiUi  LiVBR," 

Tfae  liver  m  riddletl  wicfa  small  bole«  formed  by  the  accumulatkiD  of  cm  developed  by  B.  aingaiia 

eapsulatufl — "  giu  baeillus-" 

PARASITES. 

EclilnococcuB. — This  parasite  is  the  most  common  and  important  of 
those  which  occur  in  the  human  liver.  It  forms  the  so-called  hydatids  of 
the  liver.  These  represent  one  of  the  developmental  stages  of  the  small 
tapeworm  of  the  dog,  Tania  echinococcua  (see  p.  125).  The  cysts  in 
the  liver  may  be  very  small  and  multiple,  but  they  may  be  as  large  aa 
a  man 's  head  or  larger.  The  liver  may  be  greatly  increased  in  size,  and 
the  tissue  about  the  cysts  atrophied.  The  liver  itself  furnishes  a  connec- 
tive-tissue capsule,  within  which  is  the  translucent,  lamellated  membrane 
furobhed  by  the  parasite.  On  the  inside  of  this  we  may  find  a  layer  of 
cells,  granular  matter,  and  a  vascular  and  muscular  system  belonging  to 
the  parasite.  Projecting  from  this  inner  capsule  are  the  brood  capsules 
and  heads  or  scolices  of  the  immature  tapeworm.  The  scolices  may 
become  detached  from  the  wall  and  lie  free  in  the  cavity,  which  is  filled 
with  a  transparent  or  turbid  fluid.  Not  infrequently  the  cysts  are 
sterile,  and  are  then  simply  filled  with  clear  or  turbid  fluid;  or  the  embryos 
may  have  died  and  disintegrated,  and  their  detritus,  including  the  hook- 
lets,  may  be  intermingled  with  the  fluid  contents  of  the  cysts.  The 
contents  of  the  cysts  may  be  mixed  with  fat,  cholesterin  crystals,  pus, 
bile,  or  blood;  or  form  a  grumous  mass,  in  which  we  may  or  may  not 
be  able  to  find  the  booklets  of  the  scolices  or  fragments  of  the  lamellated 
wall.  The  connective  tissue  of  the  walls  of  the  cysts  may  be  greatly 
thickened,  or  it  may  be  calcified. 

In  other  countries  the  lesion  is  much  more  common  and  frequently 
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more  formidable  than  in  the  United  States.  The  cysts  reach  an  enor- 
mous size,  the  veins  of  the  liver  may  be  compressed  and  filled  with 
thrombi,  the  bile-ducts  compressed  and  ulcerated.  So  much  of  the  Hver 
tissue  may  be  replaced  by  the  hydatids  that  the  patient  may  die  from  this 
cause  alone.  Very  frequently  there  is  local  peritonitis,  and  adhesions  are 
formed  between  the  liver  and  the  surrounding  parts.  In  some  cases  the 
cysts  rupture,  and  their  contents  are  emptied  into  the  peritoneal  cavity, 
the  stomach,  the  intestines,  the  pleural  cavity,  or  the  lung  tissue.  Some- 
times the  cysts  perforate  the  bile-ducts,  the  vena  cava,  or  some  of  the 
branches  of  the  portal  or  hepatic  veins;  or  the  abdominal  wall  is  per- 
forated and  a  fistula  formed  between  the  cavity  in  the  liver  and  the 
surface. 

Echlnococcus  mulUIocularls  (see  p.  126),  which  is  apparently  an 
abortive  form  of  the  above  species,  is  very  rare  in  the  United  States 
(Fig.  486).' 

Distoma  hepatlcum,  D.  sinense,  D.  lanceolatum,  may  occur  in  the  gall- 
ducts  and  gall-bladder.  D.  sinense  occurs  especially  in  the  East,  and  has 
been  found  in  great  numbers  in  the  bodies  of  Chinamen.  D.  heemato- 
bitun  is  very  common  in  Egypt  and  Abyssinia,  occurring  in  the  blood- 
vessels of  the  liver. 


Fia.  488. — EcBiHococcDB  Mdltilocdu&ib  of  thi  Livbr. 
A  HotioD  of  B  unall  portion  of  the  ey«We  sod  fibroin  growth  in  the  liver.     There  were  no  hooLleta 
(rilhin  th«  Eysta  in  this  esse,  but  the  delicately  lamellaled  character  ot  the  lininc  membrane  aufficed 
tor  a  diacnoaia. 

Pentastoma  denticulatum  is  the  undeveloped  form  of  Fentastoma 
tsenioides,  a  parasite  which  inhabits  the  nasal  cavity  of  dogs  and  some 
other  animals.  In  the  liver  of  man  it  usually  occurs  in  the  form  of 
small,  rounded,  calcified  cysts.  The  cysts  may  contain  fat,  calcareous 
matter,  and  the  remains  of  the  dead  parasite,  among  which  the  booklets 
may  be  found. 

Ascaiis  lumbrlcoides  sometimes  finds  its  way  from  the  intestines  into 
the  bile-ducts.  It  may  cause  no  disturbance  here,  but  in  some  cases  the 
worms  have  been  present  in  large  numbers  and  caused  occlusion,  dilata- 

>  See  Otrtd,  Yale  Med.  Jour.,  vol.  v.,  p.  233,  ISBO:  eouult  abo  monogiapb  by  Pturii,  IBOO. 
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tion,  and  ulceration  of  the  biliary  passages,  and  have  led  to  the  formatioD 
of  abscess  of  the  liver. 

Coccldlum  ovlforme,  the  very  common  parasite  in  the  rabbit  'a  liver, 
has  been  found  a  few  times  in  the  liver  of  man. 

LESIOnS  OP  TEE  BILIARY  PASSAGES  AUD  THE  GALL-BLADDER. 

Perforation  and  rupture  of  the  gall-bladder  may  occur  under  various 
conditions  and  is  usually  followed  by  peritonitis.' 

Catarrhal  inflammatton  of  the 
gatl-ducts  (cholangitis)  most  fre- 
quently involves  the  lower  por- 
tion of   the  common  duct  and 
the  gall-bladder.     In  the  acute 
form  it  usually  leaves  but  few 
changes  appreciable  after  death. 
g      An  abnormal  coating  of  mucus, 
I      and  sometimes  congestion  of  the 
a      blood-vessels,  are  almost  the  only 
9      post-mortem  lesions.     Owing  to 
f,      the  swelling  of  the  mucous  mem- 
=      brane  and  the  accumulation  of 
^      mucus  in  the  lumen,  the  ducts 
5      may   be   temporarily   occluded, 
i     but  this  occlusion  may  not  be 
z      evident   after  death.     If,    bow- 
z      ever,  the  inflammation  becomes 
g      chronic,  the   walls  of  the  bile- 

1  ducts  may  become  thickened  and 
i      their  lumioa  more  or  less  perma- 

2  nently  obstructed  (Fig.  487).  In 
"  consequence  of  this,  dilatation 
^  or  ulceration  of  the  bile  ducts 
£  may  ensue.  Temporary  obstruc- 
ts tion  of  the  bile  ducts  may  pro- 
J.  duce  marked  pigmentation  of  the 
5  liver,  owing  to  the  accumulation 
2      of  pigment  granules  in  the  liver 

cells,  particularly  in  the  vicinity 
of  the  capsule  of  Glisson,  and 
jaundice  of  the  entire  body. 

The   gall-bladder  may  be  in- 
flamed by  itself — f:holecyslitis — or 
in  connection  with  inflammation 
of  the  biliary  passages.     If  the 
disease  is  chronic  the  wall  of  the  bladder  may  be  thickened  and  bound 
to  adjacent  parts  by  fibrous  tissue;  polypoid  growths  may  occur  in  the 
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mucosa;  the  duct  may  be  occluded;  dilatation,  ulceration,  the  forma- 
tion of  gall-stones,  calcification,  and  atrophy  may  ensue. 

Inflammation  of  the  stomach  and  duodenum,  hypenemia  and  inflam- 
mation of  the  liver,  concretions,  and  parasites  frequently  accompany 
catarrhal  inflammation  of  the  biliary  passages,  but  it  may  occur  without 
these. 

Suppurative  and  Croupous  Inflammatioo  of  the  Bile-Ducts  (Cholan- 
^tis)  and  Gall-Bladder  (Cholecystitis).— The  walla  of  the  ducts  may  be 
covered  or  infiltrated  with  a  fibrinous  or  a  purulent  exudate;  they  may 
ulcerate. 

These  lesions  occur  most  frequently  in  connection  with  obstruction 
of  the  bile-ducts  by  gall-stones  or  otherwise,  and  in  typhoid  and  typhus 


'ecl«d  recioD.     Tliig  l«ioD  wm  necoudBiy  to 
iaa«  with  the  preseaee  of  gall-itoiia. 

fever,  pyaemia,  and  cholera;  or  they  may  be  due  to  the  extension  of 
inflammatory  processes  from  without.  They  also  occur  under  unknown 
conditions. 

In  many  cases  of  inflammation  of  the  gall-ducts  the  Bacillus  coli 
communis,  in  fewer  the  pyogenic  streptococcus  and  staphylococcus, 
are  apparently  concerned. 

Suppurative  inflammation  may  lead  to  perforations  of  the  ducts  or 
bladder,  with  escape  of  bile  and  peritonitis;  or  fistulous  openings  between 
the  gall-bladder  and  the  duodenum,  colon,  and  stomach,  or  through  the 
abdominal  wall.  Or  the  inflammation  may  extend  to  the  liver  tissue 
and  produce  abscesses.  Under  the  latter  conditions  there  may  be  a  series 
of  small  abscesses  ranged  along  the  walls  of  the  suppurating  gall-ducts 
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(Fig,  488).  In  more  advanced  stages  the  abscesses  may  become  Urge 
and  communicate  with  one  another,  eo  that  a  considerable  portion  of 
the  liver  may  be  occupied  by  a  series  of  communicating  cavities  with 
ragged  walls,  containing  pus  and  detritus  of  liver  tissue  more  or  less 
tinged  with  bile. 

Such  abscesses  may  become  more  or  less  completely  enclosed  by  con- 
nective-tissue walls.  The  portal  vein  may  also  become  inflamed,  and 
perforations  may  be  formed  between  it  and  the  bile-ducts.  The  excitants 
of  these  inflammatory  processes  in  the  gall-ducts  and  gall-bladder  are 


Fio.  489.— AomiiOMA  or  Tm«  Gali^Ddct. 
This  sectiau  is  from  a  small  tumor  gnwing  within  one  of  the  ■a.Il-ducts  in  the  liver. 

probably  usually  bacteria.  Those  which  have  been  most  frequently 
found  are  the  "pyogenic  cocci,"'  the  colon  and  typhoid  bacilli,  and  the 
pneumoeoecus.  It  should  be  borne  in  mind  that  post-mortem  invasion 
of  the  gall-bladder  and  passages  by  bacteria  may  take  place  early, 

Constrictloii  and  Occlusion  of  the  Blle-Ducte. — This  may  be  produced 
by  inflammation  of  the  ducts  themselves,  by  new  growths  in  their  walls, 
by  calculi  or  parasites  in  their  lumina,  by  changes  in  the  hepatic  tissue 
in  chronic  and  acute  hepatitis,  by  aneurisms,  or  by  pressure  on  the  duct 
from  without,  as  by  tumors  in  the  head  of  the  pancreas,  etc. 

The  obliteration  of  the  smaller  bile-ducts  produces  no  marked  lesions. 
When  the  ductus  communis  of  the  hepatic  duct  is  obstructed,  the  ducts 
throughout  the  liver  are  frequently  dilated  and  the  liver  tissue  is  bile- 
stained.     The  liver  may  undergo  atrophy  and  the  whole  body  be  intensely 
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jaundiced.     When  the  cystic  duct  is  obstructed  the  gall-bladder  is 
dilated.* 

Dilatation  of  the  Bile-Ducts  is  usually  produced  by  strictures  in  the 
ways  just  mentioned,  or  by  calculi.  When  calculi  have  produced  the 
dilatation  this  condition  may  sometimes  continue  after  they  have  found 
their  way  into  the  intestines.  Sometimes,  however,  there  is  very 
marked  dilatation  of  the  bile-ducts  without  evident  present  or  past 
obstruction.  The  dilatation  may  aflfect  only  the  common  and  hepatic 
ducts,  or  it  may  extend  to  the  smaller  ducts  in  the  liver,  which  are  then 
dilated  uniformly  or  in  sacculated  forms.  They  may  contain  bile,  mucus, 
or  calculi.  The  liver  is  at  first  enlarged,  but  may  afterward  atrophy. 
The  gall-bladder  may  be  dilated  in  consequence  of  obstruction  of  the 
common  or  the  cystic  duct.  In  the  latter  case  it  may  reach  an  immense 
size  and  form  a  large  tumor  in  the  abdominal  cavity.  The  dilatation 
is  generally  uniform,  the  bladder  retaining  its  normal  shape;  sometimes, 
however,  there  are  diverticula,  which  are  usually  produced  by  calculi.  If 
the  obstruction  to  the  hepatic  duct  is  incomplete  or  movable  the  gall- 
bladder may  contain  bile,  and  often  calculi.  If  the  obstruction  is 
complete  the  contained  fluid  may  gradually  lose  its  biliary  character  and 
become  a  serous  or  mucous  fluid  of  a  light  yellow  color — hydrops  cystidis 
fdlecp.  The  walls  of  the  bladder  may  be  of  normal  thickness,  or  thinned, 
or  thickened,  or  calcified.  If  the  obstruction  is  due  to  a  calculus,  this 
may  pass  into  the  intestine  and  the  gall-bladder  be  suddenly  emptied. 
Usually  the  bladder  fills  again,  owing  to  its  loss  of  contractile  power. 

TX7M0RS  OF  THE  GALL-BLADDER  AND  LARGER  GALL-DUCTS. 

Small  fibromata  have  been  described  in  the  gall-bladder  and  in  the 
common  duct,  but  they  are  very  rare.  The  most  common  tumors  are 
carcinomata.  These  may  be  primary  or  secondary,  and  present  the  usual 
structural  variations.  The  cells  may  be  cylindrical  or  polyhedral;  or 
they  may  present  the  characteristics  of  gelatinous  cancer.  Primary 
carcinomata  and  adeno-carcinomata  of  the  gall-bladder  and  larger  gall- 
ducts  are  not  uncommon,  and  are  frequently  associated  with  calculi.* 
Not  infrequently  the  pancreatic  and  common  ducts  are  both  involved, 
and  it  is  diflBcult  to  say  whether  the  tumor  is  primarily  in  the  head  of  the 
pancreas  or  in  the  gall-duct.  The  bladder  and  ducts  may  also  be  second- 
arily involved  in  carcinomata  of  the  stomach,  liver,  and  duodenum. 
Adenoma  and  papilloma  of  the  gall-ducts  are  of  occasional  occurrence 
(Fig.  489). 

BILIARY  CALCULI.     (CholeUthiasis.) 

These  bodies  are  of  common  occurrence.  They  are  found  usually  in 
the  gall-bladder,  sometimes  in  the  hepatic,  cystic,  and  common  ducts; 
less  frequently  in  the  small  ducts  of  the  liver.     In  the  gall-bladder  from 

>  For  a  study  of  congenital  obliteration  of  bile-ducts  see  Howard  and  Walbacht  Arch.  Int.  Med.  ,1911, 
viii.,  557. 

s  See  Warihin,  Phila.  Med.  Jour.,  vol.  vi.;  pp.  38,  82,  and  120.  1900,  bibl. 
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1  to  7,800  calculi  have  been  counted.    They  vary  in  size  from  that  of  a 
pin's  head  to  that  of  a  hen's  egg,  or  they  may  be  larger.    Single  gall- 
stones are  usually  spheroidal  or  ovoidal;  when  multiple  they  are  usually 
Qattened  at  the  sides  or  faceted  (Fig.  490). 
They  may  be  composed : 

1.  Principally  of  ckoleslerin,  and  may  be  of  pure  white  color,  or 
tinged  with  various  shades  of  yellow  or  brown  by  bile  pigment.  The 
fractured  surface  shows  a  radiating  crystalline  structure. 

2.  Of  cholesterin,  bile  pigment,  and  salts  of  calcium  and  magnesium. 
These  are  usually  dark  colored,  brown,  reddish  black,  or  green,  and  may 
be  spheroidal  or  faceted,  smooth  or  rough  on  the  surface;  the  fractured 
surface  is  usually  radiating  crystalline.     This  is  the  most  common  form. 

3.  Principally  of  bile  pigment.  Such  calculi  are  rare,  usually  small, 
very  dark  colored,  and  not  numerous. 


The  iraoller  calculi  •how  tbs  faceted  Fharacler;  tbg  larger,  cut  acrou.  shoi 

4.  Of  calcium  carbonate.  These  are  rare,  have  a  nodular  surface,  and 
a  clear  crystalline,  not  radiating  fracture. 

Most  calculi  are  formed  around  a  central  mass,  sometimes  called  the 
nucleus,  which  may  consist  of  cholesterin,  bile  pigment,  mucus,  or  epi- 
thelium, or  more  rarely  of  some  foreign  body.  Tlius  a  dead  parasite,  a 
needle,  and  fruit  seeds  may  serve  as  nuclei.  The  body  of  the  calculus 
may  be  homogeneous,  or  lamellated,  or  crystalline.' 

Biliary  calculi  in  the  gall-bladder  may  produce  no  symptoms  and  be 
discovered  only  after  death.  In  the  hepatic  and  common  ducts  they  may 
obstruct  the  flow  of  bile  and  lead  to  fatal  jaundice;  or  they  may  pass 
from  time  to  time  into  the  intestine,  producing  biliary  colic.  If  they 
are  impacted  in  the  cystic  duct  they  may  lead  to  dilatation  of  the  gall- 
bladder. They  may  get  into  the  duodenum  by  ulceration  through  the 
walls  of  the  ducts  or  gall-bladder,  or  in  the  same  way  into  the  peritoneal 

1 0n  formatioa  of  gall-Htones  see  Ettner,  Intenlate  Med.  Jour.,  1913,  Feb, 
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cavity.  Gall-stones  which  get  into  the  intestinal  cavity  usually  pass  off 
without  doing  any  further  injury,  but  very  large  calculi  may  cause 
occlusion  of  the  gut  with  fatal  results.  The  r6le  of  micro-organisms  in 
the  formation  of  gall-stones  has  been  the  subject  of  significant  studies.* 

1  Consult  Mignot,  Arch.  g^n.  de  m^decine,  1898.  t.  ii.,  p.  129  and  263;  also  Cuahino,  Johns  Hopkins 
Hosp.  BulL.  vol.  X.,  p.  166,  1899;  also  Mxectkowaki,  Mitth.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  Bd.  vi., 
p.  307.  1900. 


CHAPTER  IX. 

THE  URINARY  ORGANS. 

The  Kidneys. 

MaUormfttioiis. 

Both  kidneys  may  be  absent  in  connection  with  extenaive  malformation  in  tatuaea 
which  are  not  viable. 

Absence  of  one  kidney  is  not  uncommon,  the  left  kidney  being  more  frequently 
absent  than  the  right.  The  absence  of  the  kidney  may  be  complete,  the  ureter  being 
also  absent:  there  may  be  an  irregular  mass  of  much-atrophied  kidney  tissue  with  con- 
nective tissue  and  fat,  or  there  may  be  only  a  little  mass  of  connective  tissue  and  fat 
representing  the  kidney,  and  a  ureter  running  down  to  the  bladder.  The  single 
kidney  which  is  present  is  usually  much  enlarged.  It  may  be  in  its  natural  position  or 
displaced  downward.  When  both  kidneys  are  present  one  of  them  may  be  much 
larger  than  the  other.     One  kidney  may  have  two  pelves  or  two  ureters. 

A  frequent  malformation  is  the  so-called  horseshoe  kidney  (Figs.  183  and  491). 
The  lower  ends  of  the  kidneys  are  joined  together  by  a  commissure.     The  commissure 


Fla.    481.— HoRSESHOB    KlDN 

is  usually  composed  of  kidney  tissue,  but  sometimes  of  ci 
kidneys  may  be  normal,  except  for  the  commissure;  or  their  shape,  the  arrangement  of 
the  vessels  and  ureters,  and  the  position  may  be  unnatural.  The  two  kidneys  mty  b« 
united  throughout  so  as  to  look  like  a  single  misshapen  kidney  with  two  or  more  pelves 
746 
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abd  irregular  blood- vessels.    The  united  kidneys  may  be  both  situated  on  one  side  of 
the  vertebral  column  or  in  the  pelvis. 

The  fcEtal  lobulation  of  the  kidney  frequently  peraiats  during  adult  life  (Fig.  492). 

Changes  in  Position. 

The  kidneys  may  be  placed  in  an  abnormal  situation,  in  which  they  are  either 
fixed  or  movable. 

The  change  in  position  is  either  lateral  or  downward.  When  displaced  downward 
the  kidney  may  be  over  the  sacrum  or  below  thia  in  the  cavity  of  the  pelvis.     The 


Fro.  4B2.— FuTAi.  Lobulation  of  Kidnetb  in  Adult. 
The  kidneys  were  o[  DormnI  aiie. 

vessels  also  have  an  irregular  origin  and  distribution.    The  kidney  is  firmly  attached 
in  its  abnormal  position. 

Movable  or  wandering  kidneys  are  found  in  adult  life  as  a  result  of  tight  lacing,  of 
pregnancy,  of  overexertion,  and  of  unknown  causes.  They  are  more  common  in 
females  than  in  males,  and  the  right  kidney  is  most  frequently  involved.  The  blood- 
vessels become  lengthened  and  the  attachments  of  the  kidneys  longer  and  looser. 

COKPEKSATORY  HYPERTROPHY  OF  THE  KIDNEY. 

In  congenital  absence  of  one  kidney  or  in  poat-embryonal  life  when 
one  kidney  is  involved  in  lesions  which  seriously  interfere  with  its 
function,  the  other  organ  may  increase  in  functional  capacity  through 
an  hypertrophy  and  hyperplasia  of  its  gland  cells.  A  similar  alteration 
may  take  place  in  the  sound  parts  of  an  organ  partially  compromised  by 
structural  lesions.*  The  marks  of  hypertrophy  are  not  evident  in  the 
glomeruli  and  convoluted  tubules.  The  epithelial  cells  are  larger  and 
increased  in  number;  the  tufts  of  the  glomeruli  are  also  enlarged. 
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DISTURBANCES  OF  CIRCULATION. 

Anaemia  of  the  kidney  occurs  in  general  ansemia:  it  may  be  associated 
with  various  forms  of  diffuse  nephritis.  Local  anaemia  may  be  due  to 
thrombosis  or  embolism. 

Acute  Hypersemia — ^Acute  Congestion. — This  may  occur  in  early 
phases  of  an  acute  inflammatory  process  or  after  the  ingestion  of  irritant 
poisons.  The  kidneys  may  be  swollen,  the  vessels  distended,  and  bloody 
fluid  exude  from  the  cut  surfaces.  There  may  be  extravasation  of  red 
blood  cells  from  diapedesis. 

Chronic  Hyperemia — Chronic  Congestion. — This  may  occur  in  con- 
nection with  a  similar  condition  in  the  other  viscera  when  the  circulation 
is  impeded  through  uncompensated  lesions  of  the  heart  and  limgs,  such  as 
chronic  endocarditis  involving  the  aortic  and  mitral  valves,  cardiac  dila- 
tation, aortic  aneurism,  en^iphysema,  large  accumulations  of  fluid  in  the 
pleural  cavities;  or  it  may  be  associated  with  obstruction  of  the  renal 
vein  or  inferior  vena  cava  by  thrombosis  or  pressure  from  tumors,  etc. 
The  kidneys  in  this  condition  are,  when  typical,  slightly  or  considerably 
enlarged,  increased  in  weight,  hard,  and  dark  red  in  color  with  capsule 
not  adherent  and  surface  smooth.  The  congestion  is  most  marked  in  the 
capillaries  of  the  glomeruli,  which  are  widely  dilated,  often  with  thickened 
walls,  in  the  interlobular  veins,  the  vasa  recta,  and  the  stellate  veins  of 
the  cortical  surface. 

The  epithelium  of  the  convoluted  tubules  may  be  swollen;  or  it  may 
be  much  flattened  so  that  the  lumen  of  the  tubule  is  enlarged.  If  the 
congestion  persists,  there  is  hyperplasia  of  the  interstitial  tissue  of  the 
kidney  with  degeneration  of  the  epithelium,  the  formation  of  casts, 
atrophy  of  the  tubules,  etc.  Chronic  congestion  may  lead  to  chronic 
diffuse  nephritis.^ 

Embolism,  Tlirombosis,  and  Infarction. — If  the  renal  artery  or  one  of 
its  branches  be  plugged  by  an  embolus  or  thrombus,  an  ansemic  infarct 
of  the  region  is  the  result.  There  may  be  one  or  several  such  infarcts 
which  are  usually  more  or  less  wedge-shaped,  the  apex  directed  inward 
corresponding  to  the  vascular  territory  compromised.  They  are  pale  or 
yellowish,  hard,  and,  as  inflammatory  reaction  sets  in,  may  be  surrounded 
by  a  red  hyperaemic  zone. 

Within  the  limits  of  the  infarct,  necrosis  of  epithelium  or  of  the 
entire  mass  of  involved  tissue  may  take  place  with  such  subsequent 
alterations  as  have  been  already  described  on  page  29. 

The  seat  of  old  and  healed  infarcts  may  be  indicated  by  small  fibrous 
cicatrices.* 

Hsemorrhagic  infarcts  in  the  kidney  are  rare.  Infarcts  may  become 
the  seat  of  gangrene  when  putrefactive  bacteria  gain  access  to  them; 
or  suppurative  inflammation  with  the  formation  of  abscesses  may  occur. 

>  For  ft  study  of  theories  of  renal  secretion  see  Lamy  and  Mayer,  Jour,  de  Phys.  et  Path.  fte..  t 
viii.,  p.  660,  1906. 

*  For  ft  study  of  the  regenerative  capacity  of  the  renal  epithelium  in  infarcts  see  Thorel,  Vircbow's 
Arch.,  Bd.  cxlvi.,  p.  297. 1896,  bibl.;  abo  Thorel,  Deutsch.  Arch.  f.  klin.  Med.,  Bd.  facxvlL,  1903. 
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Embolism  of  the  renal  artery  may  result  in  necrosis  of  the  entire  kidney. 
Thrombosis  of  the  renal  vein  may  be  induced  by  the  pressure  of  tumors, 
either  on  this  vessel  or  on  the  vena  cava;  or  it  may  occur  in  cachectic 
conditions. 

ALBUHIirnRIA  AHD  CASTS. 

Albuminuria. — Albuminous  material  or  serum  not  infrequently  passes 
out  of  the  blood-vessels  of  the  kidneys,  either  through  the  glomeruli  or 
the  tubules,  and  mingles  with  the  excreted  substances.  While  this  may 
occasionally  occur  under  conditions  which  cannot  be  regarded  as  abnor- 
mal, it  is  common  in  many  diseases  of  the  kidney  and  is  frequent 
without  demonstrable  kidney  lesions  in  fevers,  infectious  diseases, 
abnormal  conditions  of  the  blood,  various  forms  of  poisoning,  disturbances 
of  the  circulation,  etc.  Albuminous  material  may  also  be  set  free  by 
abnormal  metabolism  or  disintegration  of  the  renal  epithelium. 

In  albuminuria  with  pronounced  kidney  lesions  there  are  usually 
well-defined  alterations  in  the  capillaries  of  the  tufts  and  in  their  epi- 


thelial investment.  There  may  be  thrombi  in  the  capillaries;  their  walls 
may  be  thickened;  the  fiat  epithelium  covering  them  may  be  swollen  or 
fatty,  or  may  peel  off,  or  it  may  proliferate.  In  the  kidneys  of  cases  of 
pronounced  albuminuria,  preserved  in  alcohol  or  other  fixatives  which 
coagulate  albuminous  material,  this  substance  may  be  seen  within  Bow- 
man 's  capsule  or  in  the  lumina  of  the  tubules  as  fine  or  coarse  granules. 
Albuminous  material  in  the  tubules  may  form  casts  (see  below),  or  when 
the  conditions  are  favorable  fibrillar  fibrin  may  form. 

Casts. — Albuminous  material  which  under  various  abnormal  condi- 
tions has  escaped  from  the  blood-vessels  in  solution  may  coagulate, 
especially  in  the  lumina  of  the  tubules,  forming  the  more  or  less  cylin- 
drical or  globular  structures  called  casts.  These  may  be  homogeneous 
in  structure — hyaline  casts;  or  the  albuminous  material  of  which  they 
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are  formed  may  be  mingled  with  the  products  of  degeneration  and  disin- 
tegration of  epithelial  cells,  either  from  the  glomeruli  or  from  the  tubules; 
or  with  red  blood  cells,  or  leucocytes,  or  exfoliated  epithelial  cells.  In 
this  way  granular  casts,  epithelial  casts,  blood  casts,  etc.,  are  formed.  The 
epithelium  of  the  tubules  may  peel  off  in  masses,  forming  cast-like  cell 
structures.  Homogeneous  globules  of  various  sizes  may  be  formed  in 
the  tubular  epithelium  which  is  yet  in  place,  and,  as  the  cells  degenerate 


and  disintegrate,  such  homogeneous  globules  may  collect  in  the  lumina 
of  the  tubules  (Fig,  493)  or  they  may  fuse  to  form  hyaline  casts  (Fig. 
494),  Homogeneous  casts  giving  the  micro-chemical  characters  of  amy- 
loid are  of  occasional  occurrence  in  the  tubules. 

Casts  and  cell  detritus  may  form  both  in  the  cortical  and  medullary 
tubvdes  and  may  pass  out  of  the  organ  with  the  urine. 


Necrosis  of  the  epithelium  of  the  kidney  of  varying  extent  may 
occur  in  disturbances  of  the  circulation  by  thrombosis,  degenerations, 
etc.,  in  acute  infectious  diseases,  in  various  nutritional  disorders,  such 
as  gout,  diabetes,  etc.,  or  auto-intoxicationa,  as  well  as  in  poisoning  by 
various  substances,  cantharidin,  sublimate,'  chromates,  chlorates,  etc. 
In  sublimate  and  oxalic-acid  poisoning,  calcification  (Figs.  30  and  31) 
may  be  associated  with  the  necrotic  process. 

The  extent  of  the  lesion  varies  greatly.  In  some  instances  a  large 
part  of  the  epithelium  of  the  convoluted  tubules  may  be  necrotic  without 
marks  of  inflammation.  In  other  cases  the  lesion  involves  the  tubules 
in  limited  regions.  It  is  suggested  that  certain  forms  of  extensive  necro- 
sis of  renal  epithelium  are  the  analogues  of  some  forms  of  acute  yellow 

'  For  atudiea  on  subUmate  poisoning  see  ref.  to  Nmiberter  and  . 
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atrophy  of  the  liver.'     In  fact  the  kidney  lesion  may  accompany  acute 
yellow  atrophy. 

DEGEBERATIOH. 

AlbumlnouB  DegeneraUon  (Parenchymatous  Degeneratloii — Acute 
Degeneratton). — This  form  of  degeneration  is  most  common  in  the  acute 
iofectiouB  diseases,  such  as  diphtheria,  scarlatina,  measles,  typhoid  fever, 
yellow  fever,  and  in  many  forma  of  septicsemia  and  toxxmia.  It  usually 
accompanies  similar  lesions  in  other  viscera.  In  moderate  degrees  of 
the  lesion,  the  epithelium,  particularly  of  the  convoluted  tubules,  is 
swollen  and  more  coarsely  granular  than  normal  (Fig.  495).     In  more 


Fia.  4eS.— Albdmihods    Degenebatioh    or   thi    Kidhet    (Aoute  PkrenflhymAloiu  DccenentioD) 

Fnm  a  OM  of  yellow  [aver,     a,  The  iwoUeD  sod  inuuliir  epidielium  peelinK  off  and  diimts- 

■ntiDs:  b,  bynliDB  material  in  Uie  tumga  of  the  tubuk. 

pronounced  lesions,  in  addition  to  simple  albuminous  degeneration,  the 
epithelium  may  become  more  or  less  filled  with  minute  fat  droplets,  or 
the  cells  may  disintegrate  and  peel  off,  or  they  may  become  necrotic  and 
the  nuclei  fail  to  stain.  The  cell  body  may  then  undergo  coagulation  or 
disintegrate. 

The  gross  appearance  of  the  kidneys  varies  with  the  degree  and 
extent  of  the  degeneration.  The  kidney  may  be  slightly  or  considerably 
enlarged.  On  section  the  cortex  is  usually  thickened  and  pale  with 
obliteration  of  the  normal  cortical  markings.     The  capsule  of  the  kidney 

■  For  a  iVium/  of  neciosa  of  raoHl  epilbelium  Bee  HeiciU.  Johos  Hopkins  Hoap.  Bull.,  vol.  xvii..  p. 
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is  not  abnormally  adherent.     When  there  are  other  associated  or  ante- 
cedent lesions  in  the  kidney,  the  gross  appearance  of  the  organ  varies. 


Fatty  Degeneration. — This  may  occur  in  those  diseases  of  the  blood  or 
circulatory  system  in  which  general  nutrition  suffers;  in  infectious  dis- 
eases often  associated  with  or  following  albuminous  degeneration;  in 


ubuli  wiUi  d^btcsiatiuc  epiUielium. 

various  cachexia;  in  acute  and  chronic  forms  of  diffuse  kidney  disease, 
and  in  poisoning  by  phosphorus,  arsenic,  sublimate,  etc. 

The  degeneration  may  be  diffuse  and  widespread  or  it  may  occur  m 
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patches.  If  diffuse,  the  cortex  in  which  it  is  most  marked  is  usually 
more  or  less  thickened,  opaque,  and  yellowish;  if  in  patches,  there  are 
opaque  yellow  streaks  or  spots  in  the  cortex.  But  these  appearances  are 
often  obscured  by  various  other  lesions.  If  the  degeneration  be  moder- 
ate in  degree,  there  are  larger  and  smaller  fat  droplets,  usually  most 
abundant  in  the  basal  portion  of  the  epithelium  of  the  convoluted  tubules 
(Fig.  496).  In  more  marked  degeneration,  the  cells  of  the  convoluted 
tubules  may  be  fitted  with  fat  droplets  and  may  peel  off,  or  they  may 
disintegrate,  setting  the  fat  free  in  the  lumen  of  the  tubules.  The 
degeneration  may  involve  the  tuft  and  capsule  epithelium  as  well  as 


Fia.  198. — Gltcooin  Diobnbbation  or  thi  EnrHiLiim  or  TBI  Kiohbt  ih  DiiBrraa. 

that  of  the  collecting  tubes,  and  fat  droplets  may  be  found  free  or  in  cells 
in  the  interstitial  tissue. 

Amyloid  Degeneration. — This  is  usually  associated  with  amyloid 
degeneration  elsewhere  in  the  body,  and  commonly  occurs  in  kidneys 
which  are  already  the  seat  of  various  forms  of  chronic  lesion.  Usually 
the  kidney  is  enlarged,  the  section  is  shining  or  translucent,  the  cortex  is 
thick  and  pale,  the  glomeruli  are  often  unusually  plain.  The  capillariea 
of  the  tufts  (Fig.  497)  and  the  vasa  recta  are  most  often  involved.  If  the 
kidney  be  otherwise  altered,  the  gross  and  microscopic  appearances  vary. 

Glycogen  Degeneration  of  the  epithelium  may  take  place  in  diabetes 
mellitUB.     It  is  usually  most  marked  in  the  celts  of  Henle's  loops  (Fig-  498) . 

Calcification  may  occur  in  chronic  inflammatory  lesions  or  in  old 
infarctions,  in  the  intertubular  tissue  of  the  medulla  in  the  aged,  and  in 
casts  in  the  collecting  tubes,  and  ia  especially  well  marked  in  degenerated 
and  necrotic  epithelial  cells  in  sublimate  poisoning  (Figs.  30  and  31).' 

IHFUUIHATIOH. 

General  Consideratioiis. 

Msay  of  the  alterstions  in  the  kidney  which  are  commonly  coDsidered  inflamma- 
tory are  in  fact  degenerative,  snd  these  degenerative  changes  are  often  Eo  important 
and  BO  conspicuous  in  the  lesions  as  fairly  to  dominate  the  gross  and  microscopic 
appearances.     The  processes  in  the  kidneys  which  may  be  properly  considered  inflam- 

I  Sea  Neubtrgr.  Ziccler'g  Beitr..  B<1.  vi.,  p.  42e,  1380;  bIso  Elbt,  Vireb.  Arcb..  Bd.  clxxxii.,  p.  445. 
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matory  are  either  exudative  or  productive,  so  that  the  apparently  complex  series  of 
kidney  changes  which  are  grouped  under  the  name  nephritis,  or  Bright's  disease,  are 
really  phases  of  exvdative  or  productive  inflammatxonj  or  both,  associated  with  degenera- 
tive processes. 

Whether  the  kidneys  be  large  or  small,  white  or  red  or  mottled,  smooth  or  rough; 
whether  the  disease  be  acute  or  chronic,  it  is  always  these  comparatively  simple  proc- 
esses, varying  in  extent,  in  duration,  in  intensity,  and  in  relative  predominance, 
which  are  to  be  taken  into  the  account  in  the  study  of  inflammation  of  this  organ. 

There  are  perhaps  no  lesions  whose  classification  has  seemed  beset  with  such  diffi- 
culties as  those  of  the  kidneys.  This  is  largely  due  to  a  failure  to  realize  that  the  vari- 
ous phases  of  inflammation  and  degeneration  do  not  stand  apart  as  independent  proc- 
esses or  lesions,  but  are  closely  associated  and  often  merge.  It  is  difficult,  perhaps 
impossible,  to  make  a  classification  which  shall  meet  the  requirements  of  the  clinic, 
the  limitations  of  urinary  tests,  and  at  the  same  time  accord  with  the  revelations  of 
the  autopsy  and  the  microscope. 

One  of  the  difiiculties  in  framing  a  classification  of  kidney  lesions  is  that  there  are 
many  and  serious  abnormalities  in  the  function  of  the  kidney  which  do  not  find  expres- 
sion in  such  structural  changes  as  we  can  at  present  recognize.  Our  knowledge  of 
such  of  the  minute  structural  lesions  in  the  renal  epithelium  as  are  not  manifested  by 
alterations  in  the  size  and  form  and  organic  integrity  of  the  cell  is,  in  fact,  very  meagre, 
so  that  the  attempt  to  classify  inflammatory  lesions  of  the  kidney  upon  both  clinical 
and  morphological  data  often  leads  to  conjecture  or  confusion,  frequently  to  both. 
Considering  the  scope  of  this  book  and  our  present  purpose,  it  seems  wiser  to  set 
forth  here  as  concisely  as  possible  the  essential  character  of  the  lesions  in  acute  and  in 
chronic  phases  of  inflammation  and  degeneration  in  the  kidney  based  upon  morpho- 
logical rather  than  upon  clinical  data. 

It  is  convenient  to  divide  the  acute  inflammatory  processes  of  the 
kidneys  into  two  forms,  Suppurative  Nephritis  and  Acute  Diffuse  A^ephritis. 

Suppurative  Nephritis. 

Suppurative  inflammation  of  the  kidney  may  follow  injury  with  local 
infection.  It  is,  however,  most  often  due  to  the  presence  of  bacteria, 
commonly  the  pyogenic  cocci,  which  have  been  brought  through  the 
blood-vessels  from  a  remote  infective  focus,  as  in  ulcerative  endocarditis, 
septic  phlebitis,  etc. — embolic  infection.  Or,  on  the  other  hand,  the  bac- 
terial excitant  may  be  transmitted  to  the  kidneys  through  the  urinary 
passages — ascending  infection. 

Traumatic  lesions  of  the  kidney  may  lead  to  suppurative  nephritis 
either  through  direct  infection  of  the  wound  or  by  the  establishment  of 
local  vulnerability^  to  the  action  of  bacteria  which  may  later  gain  access 
to  the  injured  tissue  through  the  circulation.  After  infected  wounds  or 
injuries  of  the  kidney,  large  abscesses  may  develop,  or  nearly  the  whole 
organ  may  be  converted  into  a  mass  of  pus,  blood,  and  disintegrated 
tissue. 

In  the  embolic  type  of  suppurative  nephritis,  small  abscesses  are  formed 
most  frequently  in  the  cortex.  Where  bacteria  lodge  and  grow  in  the 
tissue  there  is  at  first  circumscribed  hypersemia  or  haemorrhage  and 
necrosis,  with  subsequent  gathering  of  leucocytes  and  finally  the  disin- 
tegration of  tissue  and  the  formation  of  abscess.  Such  kidneys  present 
to  the  naked  eye  on  section  small  spots — or  in  the  medulla,  streaks— 

>  See  ref.  to  Cheeaman  and  MeUter  and  to  Brewer^  foot-note,  p.  152. 
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which  are  red  or  gray  or  yellow,  depending  upon  the  degree  of  advance- 
ment of  the  lesion.  In  such  areas  the  bacteria  may  be  readily  demon- 
strated, sometimes  in  early  stages  in  dense  masses  in  the  capillaries  and 
other  smaller  vessels,  or  later  scattered  through  the  necrotic  and  disinte- 
grating tissue  (Fig.  119,  p.  207).  Embolic  abscesses  are  commonly 
developed  in  both  kidneys  and  by  extensive  coalescence  may  give  rise  to 
large  abscesses.  There  is  reason  to  believe  that  in  certain  forms  of 
septicaemia  bacteria  may  secure  a  foothold  in  the  tubules,  not  as  emboli, 


Developed  from  infeclioo  by  imy  of  the  urinary  posugea  (so-tslfed  "surgicsl  kidney"). 

but  through  excretion.'  In  such  cases  the  suppurative  foci  may  be  at 
first  limited  to  the  medulla. 

Ascending  Infection. — In  suppurative  nephritis  associated  with  a 
similar  process  in  the  ureter,  bladder,  etc.,  the  medullary  portion  of  the 
kidney  is  usually  earliest  involved,  and  then  the  elongated  form  of  the 
suppurative  areas  (Fig.  499)  corresponds  to  the  grouping  of  the  tubules 
in  this  region.' 

Whatever  the  form  in  which  it  may  manifest  itself,  suppurative 
inflammation  of  the  kidney  is  commonly  induced  by  some  one  or  combi- 
nation of  the  pyogenic  micro-organisms  which  may  lodge  within  it  under 
favorable   conditions.     Thus   Streptococcus   pyogenes.    Staphylococcus 

'For  «udy  of  Mcretion  of  bMteriii  by  kidney  ae«  ,l«c*,  Cbl.  t.  Kr.  d.  Hsm-  u.  Sei..  Org.,  Bd, 
ziii.,  1903.  pp.  2*S  sod  324.     Also  reference  p.  ISl. 

For  atudy  of  elimination  of  picmeot  by  kidney  eee  Cartrr,  Jour.  Am.  Med.  Ann.,  vol.  xli.,  p.  1248, 
1903. 

■  For  furUier  detoila  coocerniug  suppunilive  nepbritn  consecutive  to  similar  processes  in  adjacent 
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pyogenes,  Bacillus  coli  communis,  Bacillus  pyocyaueus.  Bacillus  proteus, 
the  pneumococcus,  the  typhoid  bacillus,  and  others,  may  be  found  in  the 
suppurative  foci.  Sometimes,  however,  especially  in  the  more  chronic 
processes,  micro-organisms  are  not  demonstrable. 


Acute  Diffuse  Nephritis. 

This  process  may  occur  in  acute  infectious  diseases;  it  is  especially 
common  in  scarlatina  and  not  infrequent  in  diphtheria,  typhoid  fever,  the 
exanthemata,  and  malaria,  and  in  septicsemia  due  to  various  bacterial 
excitants. 

The  lesions  of  acute  diffuse  nephritis  vary  greatly  in  extent,  in  degree, 
in  the  relative  involvement  of  one  or  other  renal  structure,  as  well  as  with 
the  duration  of  the  process.  In  this  as  in  other  forms  of  inllammation 
of  the  kidney,  degeneration  is  an  important  and  often  predominant  fac- 
tor in  the  morphology  of  the  lesions. 

We  shall  now  consider  those  lesions  which  in  varying  degrees  are 
characteristic  of  an  early  phase  of  acute  diffuse  nephritis,  such  as  fre- 


quently occurs  in  the  course  of  the  acute  infectious  diseases.  While 
changes  in  the  different  structural  components  of  the  kidney  may  occur 
simultaneously  and  are  intimately  related  to  each  other,  we  shall  study 
first  the  lesions  of  the  glomeruli,  second  those  of  the  iuftu/es,  third  those 
of  the  interstitial  tissue  and  its  vessels. 

Tke  Glomeruli. — One  of  the  early  alterations  in  the  tufts  of  the  glo- 
meruli is  the  swelling  of  the  cells  which  cover  the  capillaries.'  These  cells 
which  in  normal  conditions  are  thin  and  scarcely  visible,  save  by  their 
nuclei,  now  project  from  the  capillary  loops,  sometimes  remaining  closely 
apposed  to  the  capillary  walls,  sometimes  assuming  polypoid  shapes 
(Fig.  500),  sometimes  forming  a  continuous  thick  covering  of  cuboidal 
cells  over  the  vessels.  The  nuclei  are  larger  than  normal  and  mitosis 
may  be  evident.  Similar  changes  occur  in  the  epithelium  between  the 
capillary  loops.  The  capillaries  are  sometimes  distended  and  plugged 
with  cells;  some  of  these  are  leucocytes;  others  are  larger  with  large 

btion  lo  patholocical  duuiia  ■> 
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nuclei  and  may  be  swollen  endothelium.  Hyaline  thrombi  are  often 
found  in  these  tuft  capillaries.  The  swollen  and  proliferating  tuft 
epithelia  often  undergo  fatty  degeneration  and  may  peel  off  into  the 
glomerular  space. 

In  some  cases  the  proliferation  and  exfoliation  are  extensive  and 
the  cells  may  collect  in  crescentic  masses  within  Bowman's  capsule, 
crowding  the  tuft  toward  its  hilus.  The  cells  in  these  crescentic  masses 
may  be  flattened  from  pressure  and  in  profile  appear  fusiform  (Fig.  501). 
The  capsular  epithelium  may  be  swollen  or  remain  apparently  intact 
while  there  is  a  large  cell  accumulation  from  the  tuft;  or  it  may  proliferate 
or  become  fatty  or  peel  off.  Swelling,  exfoliation,  and  proliferation 
of  the  glomerular  epithelium  in  some  degree  are  of  frequent  occurrence 


Fia.  601. — AcDT»  DirFUsa  Ncphhitis — ! 
SvoUen  celb  are  leen  upon  tlie  eapillscy  tuft  uid  U 
flattened  celli  lie  in  muHs  bstween  the  capsule  and  the  tul 
eelli  Bod  otiier  exudate  witbiD  the  cspsule. 

in  acute  nephritis.  They  are  sometimes  so  pronounced,  especially  in 
acute  nephritis  following  scarlatina,  either  with  or  without  extensive 
associated  lesions,  as  to  have  suggested  a  name  for  one  phase  of  the  lesion 
— glomervlo-nephritis.  There  is  sometimes  a  considerable  accumulation 
of  albuminous  exudate  between  the  tuft  and  capsule.  Such  albuminous 
material  in  specimens  fixed  by  alcohol  is  in  the  form  of  fine  granules  and 
may  be  mingled  with  exfoliated  and  often  fatty  epithelium  or  cell 
detritus. 

Leucocytes  and  red  blood  cells  may  be  present  with  other  exudate 
within  Bowman 's  capsule. 

The  Tubiiles. — The  lesions  of  the  tubules  of  the  kidney  in  the  early 
phases  of  acute  nephritis  are  largely  degenerative;  the  epithelium, 
especially  of  the  convoluted  tubules,  is  swollen  and  coarsely  granular 
(Fig.  495),  or  it  may  contain  few  or  many  fat  droplets  (Fig.  496) — albu- 
minous and  fatty  degeneration.  The  epithelium  may  become  necrotic 
and  may  disintegrate  or  peel  off  over  larger  or  smaller  areas.     Thus  the 


768  THE    UBINARY 

lumina  of  the  tubules  may  contain  fragments  of  epithelium  or  detritus 
mingled  with  albuminous  fluid — serum — red  blood  cells  and  leucocytes, 
or  hyaline  or  other  forms  of  casts  (Fig.  494),  Red  blood  cells  may  be 
extravaaated  in  considerable  numbers  and  collect  in  the  tubules  or  pass 
on  with  the  exudates.  The  casts  and  other  exudates  may  be  present  in 
the  cortex  or  in  the  collecting  tubes  of  the  kidney. 

The  Interstitial  Tissue. — This  in  early  phases  of  acute  nephritis  may 
be  oedematous  or  it  may  be  more  or  less  infiltrated  with  leucocytes  or 


fibrinous  exudate.  Patches  of  new-formed  small  spheroidal  cells,  or 
larger  cells  with  conspicuous  excentric  nuclei  may  be  present  either  in 
the  vicinity  of  the  glomeruli  (Fig,  502)  or  near  the  interlobular  veins, 
or  a  general  thickening  of  the  interstitial  tissue  may  occur  even  veiy 
early  in  some  forms  of  acute  diffuse  nephritis,  particularly  in  those  fol- 
lowing scarlatina  and  diphtheria. 

We  have  thus  seen  that  in  the  early  phases  of  an  acute  infiamEoation 
of  the  kidneys,  such  as  may  occur  independently  or  in  connection  with 
acute  infective  processes  elsewhere,  there  is  an  involvement  of  all  the 
structural  units  of  the  organ,  the  glomeruli,  the  tubular  epithelium,  and 
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the  interstitial  tissue.  Such  a  process  involving  the  various  kinds  of 
tissue  is  called  diFTuse/  and  the  process  is  therefore  designated  Acute 
Diffuse  Nephritis. 

While  both  kidneys  are  involved  in  acute  diffuse  nephritis,  the  lesions 
in  each  are  by  no  means  uniform  either  in  extent  or  advancement  and 
are  often  patchy  or  irregular  in  distribution. 

Variations  in  Type  in  Acute  Diffuse  Nephritis. — There  are  many 
variations  in  the  type  of  the  lesions  in  acute  diffuse  nephritis,  eome  of 
which  seem  to  be  directly  dependent  upon  the  character  of  the  excitant, 
while  in  others  the  variations  cannot  as  yet  be  associated  with  known 
determining  conditions. 

If  one  guard  himself  against  the  notion  of  distinct  species  in  the 
lesions  it  is  convenient  to  recognize  certain  structural  variants  or  types. 
Thus  the  changes  in  the  glomerular  capillaries  and  epithelium  may, 
as  above  indicated,  be  prominent — glomerular  type — (so-called  gtomertdo- 
nepkritis)  (Figs.  501  and  502);  the  degenerative  process  in  the  tubular 
epithelium  may  be  extreme — parenchymatous  or  degenerative  type;  there 
may  with  other  lesions  be  considerable  hsemorrrhage  into  the  glomeruli, 
tubules,   and   interstitial   tissue — hemorrhagic   type.     With   or  without 
marked  structural   involvement 
of  the  parenchyma  and  intersti- 
tial tissue  there  may  be  an  exu- 
dative   inflammation    in    which 
serum  and  leucocytes  (Fig.  503) 
and  more  or  less  red  blood  cells 
may  gather  in  the  glomeruli  or 
tubules  and  with  various  forms  of 
casts  pass  off  in  the  urine.     This, 
which  is  common,  has  been  called 
by  Delafield  the  exudative  type  of 
acute  diffuse  nephritis.     Finally, 
with   any  one  or   more  of  the  ^^_  e03.-AcDT.  dttds.  N.FH«niB. 

above  types  of  lesion  there  may  Sbowing  pus  uUi  aod  gnautar  eiutUta  m  the 

be  early  and  significant  involve-     ^to'*^;d^"rf'lS.^illL^ti^r!t!iS^i4^i£'u^ 
ment  of  interstitial  tissue  of  the     tvi>e. 
kidney,  so   that  new  and  often 

very  cellular  tissue,  either  in  small  patches  or  through  a  large  portion 
of  the  organs,  may  lead  to  tubular  atrophy  and  to  serious  and  perma- 
nent structural  alterations.  This,  which  has  been  called  by  Delafield 
the  prodttctive  type,  by  others  the  interstitial  type,  of  acute  diffuse 
nephritis  (Fig.  502),  is  most  frequent  as  a  comphcation  of  scarlatina; 
it  may  follow  diphtheria,  or  puerperal  infections,  and  may  occur  as 
an  apparently  independent  process.' 

Between  these  types  of  lesion,  largely  based,  as  will  be  seen,  upon  the 

1  ItibouldbcundcratAod  that  ths  word"  diffuse"  is  not  used  in  tbeieoac  of  videsprewl  or  unifona, 
liut  u  indicatinf  involrenieiit  oF  the  varioui  atnigtursl  units  of  the  orgBn. 

■Coniult  for  an  iotsraating  study  of  "acute  iotenlitial  nephritis,"  Coundlman,  Jour.  Exp.  Med.. 
ToL  iiL.  p.  393,  ISeS.  Couneilman  regards  the  new  celb  b  the  intentitial  tissue  as  latgely  "pbsma 
aDs "  derived  [rom  lymphoid  «1b  of  the  blood. 
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relative  involvement  of  the  structural  units  of  the  kidney,  are  many 
intermediate  forms  which  the  scope  of  this  book  does  not  permit  us  to 
consider. 

Kidneys  which  are  the  seat  of  acute  diffuse  nephritis  sometimes 
appear  almost  normal  on  gross  inspection.  But  in  more  typical  forms 
they  are  slightly  or  considerably  enlarged,  the  capsule  is  free,  the  cortex 
is  thickened,  and  either  reddened  or  pale  or  mottled  red  and  gray.  When 
the  interstitial  tissue  is  cedematous  the  cortex  may  appear  translucent. 
The  glomeruli  may  be  red  or  pale  and  conspicuous  or  normal  in  appear- 
ance. The  pyramids  may  seem  unusually  red  by  contrast  with  the 
thickened  pale  cortex.     In  tuemorrhagic  forms  of  acute  nephritis  io 


Fid.  so*.— Diftdsi  NsrHBrriB. 

Showinc  BD  adviuiciac  laioD  foUowins  bji  Bcuto  typa.     Nole  tbs  toRnaUon  ot  a  patch  ol  dco« 

fibfoua  tinuc.  with  thiokeniDS  □(  the  walls  of  Che  sbmeruli  uid  atrophy  of  the  tubulo. 

which  blood  may  collect  in  the  glomeruli,  in  the  interstitial  tissue,  and  in 
the  tubules,  the  cortex  may  be  mottled  with  red. 

In  many  forms  of  acute  diffuse  nephritis,  particularly  if  the  inter- 
stitial tissue  be  not  considerably  involved,  resolution  may  take  place. 

The  Excitants  of  Acute  Diffuse  Nephritis. — In  many  cases  of  acute 
diffuse  nephritis,  the  process  seems  to  be  due  to  toxic  substances  which 
are  formed  under  the  influence  of  micro-organisms  in  other  parts  of  the 
body  and  presumably  excreted  by  the  kidney  with  whose  cells  they  come 
into  intimate  contact  or  in  whose  metabolism  they  may  share.  Acute 
nephritis  is  also  induced  by  various  exogenous  poisons,  such  as  corrosive 
sublimate,  carbolic  acid,  cantharides,  and  many  others;  it  may  occur  with 
extensive  lesions  of  the  akin  and  after  exposure  to  cold.  In  the  acute 
nephritis  following  extensive  burns,  exposure  to  cold,  etc.,  it  is  probable 
that  the  poisonous  products  of  abnormal  body-cell  metabolism  are  the 
direct  excitants. 
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Bacteria  may  be  eliminated  from  the  body  through  the  kidney  some- 
times without  inducing  lesions  which  are  demonstrable  with  our  present 
technique.'  The  following  bacteria  have  been  found  by  numerous 
observers  in  the  kidney  and  in  the  urine,  in  acute  diffuse  nephritis:  the 
typhoid  bacillus,  pneumococcus,  streptococcus  and  staphylococcus,  the 
colon  bacillus,  and  others.  The  Plasmodium  malariie  may  be  present  in 
the  kidney  in  large  numbers.'  To  what  extent  the  kidney  lesions  are  due 
to  the  presence  of  these  organisms  themselves  and  to  what  extent  to 
eliminated  toxins  is  not  yet  clear. 

Persistent  and  Advancing  Lesions  Following  Acute  DiSuse  Hepbritis. 

If  we  follow  the  alterations  which  the  kidney  in  acute  diffuse  nephritis  may  ua- 
dergo,  if  resolution  do  not  occur,  but  the  process  continue,  we  find  that  in  each  of  the 
three  structural  units  of  the  kidney,  the  glomeruli,  the  tubules,  and  the  interstitial 
tissue,  with  the  blood- vessels,  important  changes  take  place  which  often  lead  to  slight 
or  to  marked  deformities  of  the  organ,  and  to  such  minute  changes  as  are  in  fact  char- 
acteristic of  what  we  are  wont  to  call  chronic  diffuse  nephritis. 

The  capillaries  of  the  tufts  may  become  partly  or  wholly  obliterated  by  a  gradual 
thickeuiag  of  their  walla  and  an  increase  of  the  connective  tissue  between  them,  while 
at  the  same  time  Bowman's  capsule  is  thickened  and  contracts  upon  the  altered  tuft 
(Fig.  504)  with  which  it  may  unite  so  that  the 
glomerulus  may  finally  be  represented  by  a  small, 
dense  spheroidal  mass  of  fibrous  tissue  (Fi^.  505). 

The  interstitial  tissue  of  the  kidney  may  be  in- 
creased in  patches,  most  often  at  first  near  the 
glomeruli  or  along  the  interlobular  veins.  This 
tissue  may  at  first  be  quite  cellular,  resembfing  a 
collection  of  small  spheroidal  cells  or  larger  poly- 
hedral cells,  among  which  new  fibrillar  stroma  may 
develop;  or  there  may  be  a  more  diffuse  increase  of 
connective-tissue  cells  and  stroma.  As  this  new- 
formed  fibrous  tissue  grows  less  cellular  it  contracts, 
the  tubules  which  it  encloses  are  atrophied,  the  epl' 
tbelium  may  undergo  fatty  degeneration  and  peel 
off  or  become  flattened,  casts  may  be  present  in  the 
narrowed  lumen,  and  the  tubules  may  at  last  be 
represented  by  a  small  cluster  of  flattened  cells  with- 
out distinct  tubular  structure,  or  they  may  disap- 
pear altogether  fFig.  504).     Such  islets  or  masses      ^°-  sos.— Atbophud  GunaaDLin 

^j.  ^  f  J     tL  t-  t      -  •         ^  iN  CHHOKTr    VcpRitrpTjt 

ot   new-formed   fibrous   tissue   enclosing   vanously  , 

altered  and  atrophied  remnanta  of  glomeruli  and  '  'Lm™ 

tubules  vary  greatly  in  size  and  usually  merge 
gradually  into  less  altered  kidney  tissue.  AVhen  they  are  formed  near  the  surface 
of  the  kidney,  the  shrinkage  of  the  fibrous  tissue,  which  is  continuous  with  the 
inner  layers  ot  the  capsule,  may  draw  the  surface  inward,  leaving  between  the  irregu- 
lar depressions  the  areas  of  less  altered,  or  otherwise  altered,  kidney  tissue  somewhat 
projecting  in  irregular  knobs  or  granules.  Thus  arise  the  granular  surface  and  the 
adhesion  of  the  capsule  which  are  frequent  in  some  forms  of  persistent  diffuse 
nephritis. 

■  S«e  BUdt  and  Kraui,  Arch.  [.  Exp.  Path.  u.  Pnar.,  Bd.  mviL,  p.  1,  ISM.  bibliofrspby:  •bo  v. 
Kltdn.ibul..  Bd.  ixzii.'.  p.  173,  1997;  abo  ^ifCmaRn.  Deut.  Arch.  C.  klin.  Ued.,  Bd.Uii..  p.  323  Vm. 
S«  tHao  reftnaceg,  pncp  151. 

'  For  A  study  of  malarial  nephrilis  en  Ttiai/cr.  Am.  Jour.  Mod.  Sci.,  vol.  cxvi.,  p.  580. 1898. 

oey  Ewite.  Ti»n».  Ann.  Am.  Phys.,  vol.  ivi.,  p.  450,  1901 
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In  the  parts  of  the  kidney  less  involved,  or  not  at  all  involved  in  the  production  o( 
new  fibrous  tissue,  the  tubules  may  undergo  marked  alterations.  Thus  the  epithelium 
may  be  swollen  and  coarsely  granular  or  fatty ;  it  may  become  necrotic  so  that  the 
nucleus  fails  to  stain;  it  may,  when  necrotic  or  degenerated,  peel  off  or  disintegrate  so 
that  the  tubules  may  be  extensively  denuded.  On  the  other  hand,  the  epithelium  may 
remain  in  position  but  be  much  thinner  than  normal,  while  the  lumen  is  largely  dilated. 
This  may  take  place  by  the  blocking  of  the  tubules  below  by  desquamated  cells  or  by 
compression  of  new-formed  interstitial  tissue.  The  whole  tubule,  not  merely  the 
lumen,  may  be  dilated  and  irregular  in  shape,  with  well-preserved  or  fatty  or  other- 
wise altered  epithelium.     Casts  of  various  forms  may  be  present. 

Chronic  Diffuse  Nephritis. 

General  Considerations. — We  have  seen  that  when  the  inflammatory 
process  in  the  kidneys,  at  first  acute,  is  protracted,  both  the  degenerative 
and  the  productive  lesions  may  become  more  marked  and  extensive. 
Thus  with  a  preponderance  now  of  the  interstitial  alterations  and  again 
of  the  degenerative  or  other  changes  in  the  parenchyma,  the  kidneys 
in  a  condition  of  chronic  diffuse  nephritis  may  present  a  considerable 
variety  in  gross  as  well  as  microscopical  appearance.  They  are  some- 
times larger  than  normal,  as  is  often  though  not  always  the  case  when  the 
parenchyma  is  more  conspicuously  involved;  or  smaller,  as  is  usual  when 
the  interstitial  lesions  are  widespread  or  advanced. 

Although  there  is  no  sharp  line  of  separation,  either  clinical  or  mor- 
phological, to  be  drawn  between  acute  and  chronic  diffuse  nephritis,  it 
is  convenient  to  group  kidney  lesions  in  this  way  with  the  understanding 
that  many  intermediate  forms  exist,  as  must  be  the  case,  since,  as  we 
have  seen,  acute  nephritis  may  pass  gradually  into  the  chronic  form. 

While  acute  diffuse  nephritis  may  be  followed  by  the  alterations 
which  have  just  been  summarized  and  which  are  characteristic  of  certain 
phases  of  chronic  diffuse  nephritis,  the  latter  process,  it  should  be  remem- 
bered, is  by  no  means  always  or  usually  preceded  by  an  acute  form  of 
inflammation. 

In  some  phases  of  chronic  diffuse  nephritis,  although  interstitial 
alterations  are  present,  the  lesions  of  the  tubules  may  be  the  most  prom- 
inent feature;  thus  albuminous  and  fatty  degeneration,  disintegration, 
flattening  and  peeling  of  the  epithelium,  the  formation  of  casts,  the 
dilatation  of  the  tubules,  etc.,  may  be  most  conspicuous.  In  another 
morphological  group  of  kidneys  in  chronic  diffuse  nephritis,  while  there 
are  many  alterations  in  the  tubules,  the  most  marked  change  is  the 
increase  in  amount  and  the  subsequent  contraction  of  the  interstitial 
fibrous  tissue  with  atrophy  of  the  tubules  and  glomeruli  and  the  conse- 
quent diminution  in  size  and  alteration  in  shape  and  consistence  of  the 
organ.  Between  these  extremes  of  lesion  there  are  all  intermediate  forms, 
in  kidneys  which  are  larger  than  normal,  of  normal  size,  or  smaUer  than 
normal. 

In  endeavoring  to  classify  or  group  the  lesions  in  chronic  diffuse 
nephritis,  one  encounters  difliculties  similar  to  those  which  beset  a  Uk® 
attempt  in  the  acute  forms  of  renal  inflammation.  But  the  difficulties 
are  enhanced  in  the  former  case  by  the  fact  that  the  conditions  under 
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which  the  lesions  develop  are  far  more  diverse  and  variable  and  at  the 
same  time  are  often  much  more  obscure. 

If  we  leave  out  of  sight  for  the  moment  the  conditions  under  which 
chronic  diffuse  nephritis  may  arise  and  the  direct  excitants  which  with 
more  or  less  certainty  can  be  fixed  upon  as  important,  and  confine  our 
attention  to  morphology,  it  is  at  least  convenient  to  place  in  one  group 
as  above  indicated  kidneys  in  which,  while  there  may  be  important 
changes  in  the  glomeruli  and  in  the  interstitial  tissue,  the  most  marked 
lesions  are  in  the  tubular  epithelium.  This  may  conveniently  be  called 
the  'parenchymatous  or  degenerative  type  of  chronic  diffuse  nephritis. 


ad|ss.  whili  kt  the  ngbt  tbe  lumma  of  the  tubulw  *ra  dilated,  with  Battening  ot  tba  spitlieliuni. 

On  the  other  hand,  there  is  another  large  and  important  class  of  kid- 
neys which  are  characterized  morphologically  by  a  relatively  prominent 
increase  in  the  amount  of  interstitial  fibroits  tissue  with  associated  destruc- 
tion by  atrophy  or  otherwise  of  the  tubular  structures.  This  may  be 
called  the  interstitial  type  of  chronic  diffuse  nephritis. 

In  considering  this  in  many  respects  artificial  grouping  of  persistent 
inflammatory  kidney  lesions,  it  should  be  remembered  that  while  the 
parenchymatous  and  the  interstitial  types  of  lesion  may  originate  as  such 
and  30  persist,  the  lesion  of  the  parenchymatous  type  may,  as  the  disease 
progresses,  assume  the  characters  of  the  interstitial  form.' 

Parenchymatous  Tjrpe  of  Chronic  Diffuse  Nephritis. — This  may  origi- 
nate in  an  acute  diffuse  nephritis,  but  more  frequently  develops  indepen- 
dently of  this.     As  in  other  forms  of  difTuse  nephritis,  the  tubules,  the 

■  For  B  study  of  aubftcut?  and  chronic  nephritie  see  OphiU,  Arch.  lat.  Med.,  1012,  ii..  ]i6;  far  a 
atudy  of  claHiGcatioD  see  Otnil.  ibid..  1913,  xi..  653. 
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glomeruli,  and  the  interstitial  tissue  are  more  or  lees  involved.  The 
lesions  are  most  marked  in  the  cortex  {Fig.  506),  and  here  the  epithelium 
may  be  swollen  and  coarsely  granular  or  is  often  fatty.  Droplets  of  clear 
fluid  may  form  within  the  epithelium — so-called  "vacuoles."  The  epi- 
thelium may  be  flattened  or  it  may  peel  off  or  disintegrate  and  the  cdls 
and  cell  detritus  together  with  leucocji-es,  red  blood  cells,  and  casts  may 
collect  in  the  irregular  and  often  widened  lumina.  The  casta  may  be 
hyaline  or  granular  or  epithelial,  or  they  may  be  covered  with  leucocytes 


Shoniuc  aireUing  of  tuft  uiil  eapauJe  epitbeliuj 

or  red  blood  cells.  In  the  glomeruli,  the  tuft  and  capsule  cells  may 
swell  and  proliferate  and  peel  off  {Fig.  507) ;  albuminous  fluid  which  in 
specimens  hardened  in  alcohol  is  represented  by  a  granular  precipitate 
may  be  present  in  the  intracapsular  space  and  in  the  tubules.  The 
interstitial  tissue  may  be  increased  in  amount,  usually  in  circumscribed 
regions,  and  here  the  enclosed  tubules  are  atrophied.  Not  infrequently 
more  or  less  extensive  liBemorrhages  occur. 

If  the  disease  have  been  of  long  standing  the  new-formed  interafitiai 
tissue  may  be  present  in  considerable  amount  with  much  destruction  of 
the  tubules.  The  glomeruH  may  be  compromised  by  the  thickening  oi 
Bowman 's  capsule  and  the  obliteration  of  the  capillaries,  so  that  at  length 
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the  tuft  and  capsule  may  fuse  and  the  glomeruli  may  be  represented  by 
dense  fibrous  nodules  {Fig.  505),  The  growth  of  interstitial  tissue  in 
patches  may,  when  near  the  surface  of  the  organ,  bind  the  capsule  to  the 
kidney  bo  that  in  its  removal  small  masses  of  the  parenchyma  may  be 
stripped  off,  leaving  a  rough  surface  on  which  grayish  depressed  areas, 
corresponding  to  the  interstitial  growth,  ane  intermingled  with  more 
projecting  light  or  yellowish  portions,  in  which  albuminous  or  fatty  degen- 
eration of  the  tubular  epithelium  may  be  marked  and  extensive.  Very 
often  the  new  fibrous  tissue  develops  along  the  course  of  the  interlobular 
veasels  so  that  cylindrical  or  narrow,  wedge-shaped  areas  are  affected, 
extending  inward  from  the  ca[>sule  (Fig.  508).    Amyloid  degeneration 


Flo.  508. — Chbohic  Dirroai  Nbphutis — PAasHCBTiuTODB  Ttfi. 
Slrawiiic  k  vedge-<lup«d  nun  of  nnr-formed  tinue  ext«ndiac  inwanl  from  ths  oapaulB  of  tl» 
kidner,  to  whkb  it  ■  firmly  atUcbad,     The  tubulca  within  tlie  Gbraiu  area  ara  atrophied,  while  the 
tubutas  «lMwhe»  (bow  vaiioui  dasanerative  epithalial  chauseg. 

involving  the  capillary  tufts,  the  vasa  recta,  and  the  larger  arterial  trunk 
ia  common. 

Such  kidneys  as  have  just  been  described  present  varying  gross 
appearances  which  are  dependent  upon  the  character,  extent,  and  dis- 
tribution of  the  lesions.  Some  are  larger  than  normal  with  a  thickened 
whitish  or  yellowish  cortex.  These  are  often  called  large  white  kidneys. 
But  kidneys  with  essentially  similar  lesions  are  not  always  large,  are  often 
nearly  normal  in  appearance,  or  may  be  smaller  and  with  a  cortex  thinner 
than  normal.  If  hiemorrbage  into  the  tubules  or  interstitial  tissue  be  a 
marked  feature  of  the  lesion,  the  cortex  may  be  reddish  or  mottled  red 
and  yellow.     Such  are  the  so-called  large  red  kidneys. 
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Arterio-scleroBia  and  cardiac  hypertrophy  frequently  accompany  this 
type  of  kidney  lesion. 

Interstitial  Type  of  Chronic  Diffuse  Nephritis. — The  type  of  chronic 
diffuse  nephritis  in  which  the  growth  of  interstitial  tissue  is  coDspicuouB, 
which  may  be  called  the  inlerstitial  or  indurative  type,  apparently  some- 
times represents  a  later  pjiase  of  the  parenchymatous  type;  or  it  may 
result  from  chronic  congestion,  or  be  associated  with  arterio-sclerosiB;  but 
it  appears  to  be  more  frequently  an  independent  process.  As  the  nen 
interstitial  tissue  which  is  formed  in  patches  or  streaks  or  large  masses 
gradually  becomes  less  cellular,  more  dense,  and  shrinks,  the  kidneys  are 
usually  smaller  than  normal  and,  owing  to  the  uneven  distribution  of 
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the  lesion,  rough  upon  the  surface  when  the  thickened  and  adherent 
capsule  is  stripped  off.  The  areas  of  the  cortex  in  which  the  fibrous 
tissue  is  most  abundant  {Fig.  509)  are  grayish  or  translucent  and  depressed, 
while  the  parenchyma  between,  often  fatty,  projects  as  j'ellowish  rounded 
knobs  or  granules.  This  condition  is  therefore  sometimes  spoken  of  as 
"granular  atrophy,"  and  such  kidneys  are  often  called  "granular  kid- 
neys" or  "atrophied  kidneys."  The  tissue  is  firm  and  resistant  to  the 
knife;  and  on  section  the  cortex  is  seen  to  be  in  general  thinned,  often 
extremely  so,  some  portions  being  much  more  atrophied  than  others. 
Small  cysts  of  various  sizes  may  be  formed  from  dilatation  and  coales- 
cence of  tubules.  The  cortex  is  usually  more  involved  than  the  medulla. 
The  fat  with  which  the  kidney  is  surrounded  is  often  largely  increased. 
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Oq  microscopical  examination  the  new-formed  interstitial  tissue  is 
sometimes  in  patches  (Fig.  510)  or  streaks  along  the  course  of  the  inter- 
lobular vessels,  with  less  affected  regions  between  them.  In  these 
fibrous  portions  there  may  be  flattening  of  the  epithelium  and  various 
degrees  of  atrophy  or  complete  destruction  of  the  epithelium  and  the 
tubules.  Between  these  fibrous  regions,  little  altered  tubules  may  be 
present,  or  those  with  granular  and  fatty  degeneration,  exfoliation,  and 
disintegration  of  the  epithelium.  Various  forms  of  easts  may  be  present 
in  the  tubules;  the  epithelium  may  be  flattened  with  enlargement  of  the 
lumen.  The  glomeruli  are  variously  altered;  thus  there  may  be  thicken- 
ing of  the  capillary  walls  and  of  Bowman's  capsule  (Fig.  511),  increase 


Bstteued:  in  places  st 

and  exfoliation  of  the  tuft  and  capsular  epithelium,  or  a  more  or  less 
complete  conversion  of  the  glomerulus  into  a  knob  of  dense  fibrous  tissue. 
Occasionally  there  is  partial  or  complete  atrophy  of  the  tuft  with  more 
or  less  dilatation  of  the  capsule.  Thus  small  cysts  are  formed  lined 
with  flat  cells  and  containing  a  homogeneous  or  granular  fluid  and 
sometimes  small  masses  of  calcium  salts.' 

In  advanced  phases  of  the  lesion  the  kidney  may  be  verj'  small;  then 
a  large  part  of  the  tissue  is  involved;  and  while  the  atrophy  is  always 
more  marked  in  some  places  than  in  others,  it  is  often  difficult  to  find 
any  normal  structural  elements.' 

Fibrous  thickening  of  the  walls  of  the  arteries  and  veins  of  the  kid- 
neys is  usual  in  this  type  of  chronic  diffuse  nephritis  (Fig.  512).     Amy- 


>  For  >  Itudy  of  atrvphk  glomer 

ular  cyBta  see  ficer,  Amer.  Jour.  Med.  Sc>..  vol.  onviL.  p.  ail,  1604. 
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loid  degeneration  of  the  vessele  is  not  infrequent.  The  heart  is  often 
greatly  hypertrophied,  and  general  arterio-sclerosis  is  common.' 

Variations  in  Type  in  Cliroiilc  Diffuse  NephritlB. — There  are  many 
variants  in  the  two  types  of  chronic  diffuse  nephritis  which  we  have 
briefly  described.  It  is  possible  to  indicate  in  a  general  way  morpho- 
logical appearances  which  are  frequently  present  and  more  or  less  charac- 
teristic of  each  of  the  variants  when  the  kidney  lesions  occur  in  connection 
with  either  gout  or  chronic  visceral  congestion  or  arterio-sclerosifl  or 
BjTJhilis.     But  these  variations  in  form  cannot  be  further  considered  here. 

The  diverse  appearances  which  the  kidneys  present  in  chronic  diffuse 
nephritis  are,  as  we  have  seen,  largely  due  to  variations  in  local  and 
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general  tissue  vulnerability  or  to  the  rapidity  and  to  the  stage  of  develop- 
ment of  the  lesions  as  well  as  to  the  nature  of  the  excitants.  But  acute 
inflammatory  processes  not  infrequently  supervene  in  kidneys  which  are 
the  seat  of  slowly  developed  chronic  processes;  so  that  lesions  typicid  of 
both  acute  and  chronic  nephritis  are  not  infrequently  associated.  Finally 
it  is  evident  that  the  grouping  of  the  kidneys  in  chronic  diffuse  nephritis 
in  accordance  with  the  structural  elements  of  the  organ  most  conspic- 
uously involved  is  essentially  artificial,  since  this  in  many  cases  is  simply 
an  indication  of  the  period  of  the  disease  at  which  the  patient  died. 

The  Excitants  of  Chronic  Diffuse  Nephritis. — The  conditions  under 
which  chronic  diffuse  nephritis  occurs  are  most  diverse.  Thus,  judging 
from  the  clinical  history,  it  may  be  a  primary  process;  it  may  follow 
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infectious  diseases  either  with  or  without  a.  previous  acute  nephritis;  it 
is  not  infrequently  associated  with  gout  and  syphilis,  with  lead  poisoning, 
with  excessive  use  of  alcohol,  with  arterio-sclerosis,  with  general  chronic 
congestion  of  the  viscera,   with  chronic  suppurative  and  tuberculous 
processes,  and  appears  in  many  cases  to  develop  under  the  influence  of 
dietetic  excesses  and  protracted  gastro-intestinal  disorders.     The  nature 
of  the  excitants  under  these  various  con- 
ditions is  most  obscure.     Although  in 
gout,  lead  poisoning,  alcoholism,  etc.,  a 
fairly  definite  inciting  toxic  agency  may 
be  assumed,  the  exact  mode  of  action  of 
such    extrinsic    or   intrinsic    poisons   is 
almost  wholly  unknown.     In  regard  to 
other  excitants  of  chronic  diffuse  nephri- 
tis, the  prevalent  views  as  to  the  impor-      ■ 
tance   of   disturbed  metabolism  in   the 
body  which  may  lead  to  the  excretion 
of  abnormal  harmful  products  favor  the 
conjecture  that  in  many  cases  at  least 

both  the  degenerative  and  the  pro-  Fio.  sia.— Chronic  omjTiaiiiiNo 
ductive  processes  may  be  the  marks  of  wrraCH™MicDimr»*"^']S^'''''* 
a  persistent  auto-intoxication. 

The  relationship  between  arterio-sclerosis  and  chronic  kidney  lesions 
ia  not  clear.  Nor  is  it  certain,  assuming  the  initial  importance  of  obstruc- 
tive vascular  lesions,  whether  the  new  formation  of  flbrous  tissue  should 
be  regarded  as  a  primary  productive  inflammation  or  as  replacement 
hyperplasia  secondary  to  epithelial  degeneration  and  tubular  atrophy. 
The  trend  of  opinion  to-day  is  rather  toward  the  belief  that  destructive 
changes  in  the  epithelium  are  usually  primary,  while  the  new  connective 
tissue  formed  is  reparative. 

It  should  be  remembered  that  in  most  cases  the  lesions  of  chronic 
diffuse  nephritis  are  not  independent,  but  are  usually  associated  with 
those  of  other  viscera.  The  significance  of  this  association  varies  greatly. 
While  the  kidney  lesions  may  be  primary  they  are  very  often  secondary 
to  other  visceral  abnormalities,  or  the  whole  series  of  lesions  may  be 
dependent  upon  a  common  known  or  unknown  etiological  factor.' 

Tuberculous  Nephritis. 

Miliary  tubercles  may  be  present  in  the  kidney  in  general  acute  mili- 
ary tuberculosis  or  in  a  localized  tuberculous  inflammation  which  is  most 
marked  elsewhere.  Renal  tuberculosis  is,  however,  most  often  associated 
with  tuberculous  processes  in  other  parts  of  the  genito-urinary  tract.  It 
is  not  infrequently  primary  in  the  kidney  and  then  is  often  unilateral. 
If  only  one  kidney  be  involved  the  other  may  become  the  seat  of  chronic 
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diffuse  nephritis  with  waxy  degeaeratioa  of  the  walls  of  the  arteries, 
Tuberculous  inflamniatioii  may  occur  in  a  kidney  already  the  eeat  of 
chronic  inflammatory  changes. 

The  process  is  apt  to  begin  in  the  mucous  membrane  of  the  pelvis  mi 
calyces,  and  extend  from  thence  first  to  the  pyramidal  and  afterward  to 
the  cortical  portion  of  the  kidney.'  In  the  mucous  membrane  of  t!i« 
pelvis  and  calyces  there  is  a  growth  of  new  cellular  tissue  studded  with 
tubercle  granula,  while  the  epithelial  cells  proliferate,  become  deformed, 


FiQ.  ai3— Tdi 


and  desquamate.  This  process  is  often  soon  followed  by  cheesy  degen- 
eration of  the  inflammatory  products.  Similar  changes  occur  in  ^^^ 
kidney  which  may  become  extensively  involved  and  largely  destroyefl- 
The  portions  of  the  organ  which  do  not  share  directly  in  the  tuberculous 
process  often  develop  lesions  of  the  interstitial  type  of  chronic  diffuse 
nephritis  or  of  suppuration.  Thus  the  kidney  may  become  hoilowe<l""' 
into  a  series  of  ragged  cavities  with  caseous  and  disintegrating  *"'* 
(Fig.  513).  Sometimes  the  process  comes  to  a  standstill,  and  thence 
caseous  portions  may  be  infiltrated  with  salts  of  lime.' 


Syphilitic  Inflammation. 

Gummata  of  the  kidney  are  of  occasional  occurrence.  A  close  rela- 
tionship between  syphilitic  arteritis  and  atrophied  forms  of  ebroni' 
diffuse  nephritis  seems  probable.' 

'For  a  study  of  uneading  uroefnita]  tuberculosis  see  Baumfatm,  Arb«il«n  Pstfa.  Au<-  '°^ 
Tabingen,  Bd.  v.,  p.  372.  1906;  olsa  Kappit.  ibid.,  p.  37B.  ,^ 

■  For  B  study  of  noal  tubemiloflb  se«  Walkrr.  Johns  Hopkiiu  Hosp.  Rep.,  voL  nil.,  p.  Hi.  '''^ 
'  For  bibliography  see  DfJamnre 
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SDITURATIVE  PYELITIS  AMD  PYELO-HEPHRITIS. 

Suppurative  Pyelltie  is  often  associated  with  suppuration  of  the  kid- 
ney substance,  more  frequently  with  a  similar  process  in  the  bladder  or 
ureters.  But  it  may  occur  by  itself.  It  is  incited  by  the  same  micro- 
organisms as  are  concerned  in  the  induction  of  the  associated  lesions  in 
the  kidney  and  bladder;  in  the  latter  ease,  it  is  most  often  the  Bacillus 
coli  communis,  the  Streptococcus  pyogenes,  and  Staphylococcus  pyogenes. 

The  mucous  membrane  of  the  pelvis  may  be  congested,  thicker  and 
more  opaque  than  normal,  and  coated  with  pus  or  with  patches  of  fibrin. 
The  presence  of  pelvic  calculi  is  to  be  regarded  as  a  predisposing  rather 
than  as  a  direct  inciting  agent  in  suppurative  pyelitis. 


SuppuraUve  UreteritiB. — The  conditions  under  which  suppurative 
inflammation  of  the  ureter  occurs  are  similar,  as  is  the  general  appearance 
of  its  mucous  membrane,  to  those  just  indicated  in  the  pelvis. 

Suppurative  Pyelo -Nephritis  with  Cystitis.^In.this  association  of 
lesions  of  the  bladder  and  kidneys,  which  is  usually  initiated  by  the 
inflammation  of  the  bladder,  the  affection  of  the  kidneys  is  commonly 
bilateral.  The  suppurative  areas  in  the  kidney  may  be  in  the  form  of 
small  abscesses  scattered  through  the  kidneys,  or  in  the  form  of  elongated 
whitish  streaks  or  wedges  between  the  tubules  {see  Fig.  499).  The 
purulent  foci  are  often  surrounded  by  a  red  zone  of  congestion. 

The  kidney  tissue  in  the  vicinity  of  the  abscesses  may  be  necrotic,  the 
outlines  of  the  cells  being  preserved  but  their  nuclei  absent  or  not  revealed 
by  the  usual  staining  agents. 

The  infective  agent  may  traverse  the  ureters  in  passing  from  the 
inflamed  bladder  to  the  kidneys,  leaving  the  mucous  membrane  of  the 
ureter  intact. 

Chronic  Pyelo-Nephritis. — Chronic  cystitis  or  calculi  in  the  pelvis  of 
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the  kidneys  may  set  up  a  chronic  inflammation  which  involves  both  the 
pelvis  and  calyces  and  the  kidney  tissue.  The  mucous  membrane  of  the 
pelvis  and  calyces  is  thickened,  the  epithelial  layer  is  changed,  there  is  a 
growth  of  granulation  tissue  beneath  the  epithelium,  and  there  may  be 
little  polypoid  outgrowths.  The  surface  of  the  mucous  membrane  is 
coated  with  pus  or  fibrin,  or  the  cavity  of  the  pelvis  and  calyces  is  dilated 
and  distended  with  purulent  serum  (Fig.  514). 

The  kidney  itself  is  the  seat  of  a  chronic  interstitial  inflammation 
with  the  production  of  new  connective  tissue,  and  sometimes  of  pus, 
with  obliteration  of  the  renal  tubules. 

•'  HYDRONEPHROSIS. 

Dilatation  of  the  pelvis  and  calyces  of  the  kidneys  may  be  congenital 
and  may  be  associated  with  other  malformations.  The  pelves  and  caly- 
ces of  both  kidneys,  and  the  ureters,  are  distended  with  urine;  the  bladder 
also  may  be  distended  and  its  wall  hypertrophied.  The  urethra  may 
be  closed,  or  no  obstruction  can  be  demonstrated. 

In  adults  hydronephrosis  may  follow  mechanical  obstruction  of  the 
urethra  or  ureters  (Fig.  515),  from  inflammation,  tumors,  or  calculi. 
According  to  the  position  of  the  obstruction,  either  one  or  both  kidneys 
are  involved. 

The  pelvis  and  calyces  are  dilated,  sometimes  enormously,  and  filled 
with  urine  alone  or  urine  mixed  with  pus.  The  kidney  tissue  is  flat- 
tened and  thinned  over  the  distended  cavities.  Its  texture  may  remain 
unchanged,  or  there  may  be  developed  suppurative  pyelo-nephritis  or 
chronic  diffuse  nephritis. 

PERINEPHRniC  SUPPURATION. 

The  loose  connective  tissue  about  the  kidney  may  become  the  seat  of 
suppurative  inflammation.  This  may  follow  mechanical  injury  or  may 
be  secondary  to  suppurative  or  other  inflammatory  processes,  such  as 
caries  of  the  spine,  empyema,  pelvic  cellulitis,  puerperal  parametritis, 
perityphlitis,  and  suppurative  nephritis.  It  may  be  associated  with 
acute  infectious  diseases  in  children.  The  suppuration  may  extend  back- 
ward through  the  muscles;  downward  into  the  iliac  fossa,  the  perineum, 
the  bladder,  the  scrotum,  or  the  vagina;  forward  into  the  peritoneal 
cavity  or  the  colon;  or  upward  through  the  diaphj'agm. 

The  kidney  itself  may  be  simply  compressed  by  the  abscess  or  become 
involved  in  the  suppurative  process. 

CYSTS  IN  THE  KIDNEYS. 

Cysts  are  formed  in  the  kidneys  both  during  intra-uterine  and  extra- 
uterine life. 

Congenital  Cystic  Kidneys  are  often  striking  objects.  Either  one  or 
both  kidneys  may  be  greatly  enlarged  and  converted  into  a  mass  of 
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cysts  (Fig.  516).  The  cysts  are  of  various  sizes  and  are  separated  from 
each  other  by  fibrous  septa  or  compressed  kidney  tissue.  They  may  con- 
tain a  clear  yellow,  acid  fluid  holding  in  solution  the  urinary  salts;  or 
the  Suid  is  turbid  and  brown,  and  contains  blood,  uric-acid  crystals,  and 
cholesterin.  The  cysts  are  often  lined  with  a  single  layer  of  flat,  polyg- 
onal cells.  Some  of  them  seem  to  be  formed  by  a  dilatation  of  the 
tubules  and  of  the  capsules  of  the  Malpighian  bodies.  As  causes  for  such 
dilatations  there  may  be  found  obliteration  of  the  tubes  in  the  papillte. 


and  stenosis  of  the  pelvis,  ureters,  bladder,  or  urethra.  Other  congenital 
malformations  are  often  associated  with  this. 

Cysts  of  the  Kidney  In  the  Adult  may  be  single  and  occur  in  otherwise 
normal  organs.  There  may  be  one  or  more  cysts  filled  with  clear  or  brown 
serum  or  gelatinous  material  (Fig.  517).  These  cysts  do  not  appear  to 
interfere  with  the  function  of  the  kidneys. 

In  chronic  diffuse  nephritis,  especially  in  the  atrophic  form,  groups 
of  tubes  may  be  dilated.  Apparently  one  or  more  of  the  larger  tubes 
in  the  pyramids  are  obstructed,  and  this  causes  dilatation  of  a  correspond- 
ing group  of  tubes.     Such  a  dilatation  may  be  moderate  in  size,  or  it 
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may  form  cysts  visible  to  the  naked  eye.     Very  small  cysts  of  Bowman's 
capsule  may  form  with  atrophy  of  the  vascular  tuft. 

Occasionally  both  kidneys  are  very  much  enlarged  and  converted 
into  a  mass  of  cysts  containing  clear  or  colored  serum  or  gelatinous  mate- 
rial. The  nature  of  these  cysts  is  uncertain;  they  may  be  congenital. 
They  are  sometimes  associated  with  similar  cysts  in  the  liver.' 


Small  multiple  cysts  of  the  ureter,  lined  with  flattened  or  cuboidal 
epithelium,  are  of  occasional  occurrence,  and  may  be  associated  with 
similar  cysts  in  the  pelvis  of  the  kidney.  Such  cysts  in  the  ureter  may  be 
pedunculated.' 

RENAL  CALCULI. 

In  the  kidneys  of  new-born  children,  from  the  first  to  the  fourteenth 
day  after  birth,  the  large  tubes  of  the  pyramids  often  contain  Email 
brownish,  rounded  bodies  composed  of  the  urates  of  ammonium  and 
sodium.  Similar  masses  may  also  be  present  in  the  calyces  and  pelves. 
In  still-born  children  these  masses  are  usually  absent.     The  carbonate 

'  For  *  study  of  cystic  kidney  with  extensive  bibl.  see  Ritchie.  LBboratory  Reports.  Roy«l  ColL 
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and  phosphate  of  lime  may  be  deposited  in  the  tubes  of  the  pyramids,  in 
the  form  of  white  linear  masses,  in  the  kidneys  of  old  persons  and  of  those 
who  have  suffered  from  destructive  diseases  of  the  bones. 

Urate  of  soda  in  the  form  of  acicular  crystals  is  deposited  both  in  the 
tubes  and  stroma  of  the  kidneys  of  gouty  persons. 

Concretions  of  the  urinary  salts  are  often  formed  in  the  pelves  of  the 

kidneys.     They  may  remain  there  as  rounded  masses  {Fig.  518),  or  they 

may  attain  a  large  size  and  be  moulded  into  the  shape  of  the  pelvis  and 

calyces.     Smaller  calculi  may  pass  into  the  ureter  and  either  become 

impacted  there  or  pass  through  it  into  the  bladder.     The  most  common 

form  of  calculus  is  that  composed  of  uric  acid.     But  they  may  also  be 

formed  of  uric  acid  with  a  shell  of 

oxalate  of  lime,  or  of  oxalate  of 

lime  alone,  or  of  the  phosphates,  or 

of  cystin.i 

The  most  serious  result  of  the 
presence  of  these  calculi  is  the  oc- 
clusion of  the  ureters  or  the  incite- 
ment of  pyelo-nephrifis. 

TDHORS. 

Small  fibromata,  llpomata,  myo- 
mata,  and  anglomata  may  occur  in 
the  kidney  and  with  the  exception 
of  the  fibromata  are  most  common 
in  the  cortical  portion.  Papillomi 
may  form  in  the  mucous  membrane 
of  the  pelvis.    Sarcoma,  myxo-su- 

Fio.  510.— Shall  Adenoh:1  of  Kidkit.  ^       ,  ,    ..     ,;       '       '  .,        „( 

situBtsd  in  the  cortai  coma,  and  endotnelloma,  often  oJ 

large  size,  may  develop  in  the  kid- 
ney. These  tumors  are  frequently  soft  and  vascular  and  are  prone  to 
hiemorrhage.  Primary  sarcoma  of  the  kidney  is  common  in  children. 
Secondary  sarcoma  of  the  kidney  is  not  rare. 

There  are  mixed  tumors  of  the  kidney  often  occurring  in  childhood 
and  having  a  sarcomatous  and  adenomatous  character;  or  they  may 
contain  mucous  or  elastic  or  muscle  tissue  with  structures  suggestmg 
glomeruli.     These  tumors  are  of  doubtful  origin.' 

Adenoma  is  of  frequent  occurrence  in  the  kidneys.  It  usually  origi- 
nates in  the  cortex  and  may  be  invisible  to  the  naked  eye  (Fig.  519),  or, 
in  the  form  of  a  well-defined,  circumscribed  nodule  (Figs.  520  and  521), 
it  may  invade  the  medulla  or  largely  replace  the  kidney.  The  adeno- 
mata are  usually  light  in  color  save  when  very  vascular  with  hemorrhage, 
and  they  may  be  separated  from  the  kidney  structure  by  a  fibrous  capsule. 
Such  tumors  are  not  rare  in  children.' 

1  For  K  etiiiiy  of  Ihe  Fompiviillon  of  renBl  calcuU 
<  See  (or  a  alutly  of  the  mixe'i  tumora  of  Ihe  li 
bibl. 

■  See  Engrlitn.  Ziegler'i  Beilr.,  Bd.  iivi.  p.  V. 
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There  are  two  principal  varieties  of  these  tumors,  the  papillary  and 
the  alveolar,  which  are,  however,  closely  related. 

1.  Papillary  Adenoma. — There  are  cavities  of  different  sizes,  from  the 
walls  of  which  spring  branching  tufts  covered  with  cylindrical  or  cuboidal 
epithelium  (Fig.  522).  These  tufts 

nearly  fill  the  cavities. 

2.  Alveolar  Adenoma. — There  is 
a  connect ive-tiBBue  framework  en- 
closing small  round,  oval,  or  tubu- 
lar alveoli,  lined  or  filled  with  cells 
(Fig.  523).  The  cells  are  usually 
large  and  may  be  cylindrical,  cu- 
boidal, or  polyhedral,  and  may  be 
pigmented  in  a  manner  similar  to 
the  cells  of  the  adrenals. 

Fatty  degeneration  of  the  epi- 
thelium may  be  excessive,  and  gly- 
cogen may  form  in  the  cells  of  these 
tumors.  The  stroma  may  be  pres- 
ent in  considerable  quantity,  the 
blood-vessels  may  form  conspicuous 
features,  or  a  cystic  distention  of  the 
alveoli  may  occur.  Large  areas 
may  become  necrotic. 

Many  of  these  tumors  appear 
to  have  developed  from  adrenal 
cells  astray  in  the  kidneys,  and  are 
then  called  hypernephroma  (Figs. 
520  and  524).  Metastases  of  hy- 
pernephroma are  not  uncommon 
in  the  liver,  lung,  intestines,  retro- 
peritoneal and  other  lymph-nodes 
(Fig.  525),  bone  and  muscle. 

The  relationship  between  true 
kidney  adenomata,  adenomata  pos-  "*  ""^ J^%dMfli  umu?  '""" 

sibly     of     adrenal    elements,    and 

tumors  regarded  by  some  as  endotheliomata  or  angiosarcomata,  is  not 
yet  clear.  The  view  that  the  hypemephromata  are  of  renal  and  not  of 
adrenal  origin  is  gaining  ground.' 

Primary  carcinoma  of  the  kidney  is  rare,  adenoma  being  frequently 
mistaken  for  it.     Secondary  carcinoma  is  not  infrequent.' 

'Ipim,  Zifcler'a  B«ilr..  1612.  liv.,  233:  and  IFiIion  snd  Willii.  Jour.  Med.  Rca.,  1911.  N.  S 
lii..  73. 

■Fork  eareTulitudy  of  tumois  BDd  other  growtbg  in  Ihe  kidnpy  bk  Ktlvnack,  "RcdbI  Growtha," 
ISeS.  bibl.;  also  nf.  to  bibl.  Bvwe,  Virchow's  Arcb.,  Bd.  civji.,  pp  34S,  377.  ISgg.  For  a  sUtiiticol 
It  tumora  of  the  kidney  in  children  see  OtAi'ma,  Wiener  kiln.  Wooh.,  p.  fi3,  1907. 
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PARASITES. 


Echlnococcus,  in  its  ordinary  form  of  mother  and  daughter  cysts,  is 
sometimes  found  in  the  kidney.  The  cysts  may  open  into  the  pelvis  of 
the  kidney,  into  the  pleura,  or  through  the  wall  of  the  abdomen. 

Cystlcercus  cellulose  is  of  very  rare  occurrence.  FUaria  sanguinis 
homlnls  is  found  in  the  arteries,  veins,  lymphatics,  and  stroma,  and  may 
pass  into  the  urine.  Strongylus  gjgas  has  been  found  several  times  in  the 
pelvis  of  the  kidney. 

The  Urinary  Bladder. 
Ualfonnjitioiu. 

Absbhce  op  the  bladder  is  of  rare  occurrence.    The  bladder  may  be  very  small, 
the  urine  passing  almost  directly  into  the  urethra.     The  bladder  may  be  separated 
into  aa  upper  and  a  lower  portion  by  a  circular  constriction.     It  may  be  completely 
divided  by  a  vertical  septum  into  two  lateral  portions.     Diverticula  of  the  wall  of  the 
bladder  are  sometimea  found  in  new- 
bom    children.     Partial    or    complete 
closure  of  the  neck  of  the  bladder  may 
occur.    This  may  lead  to  hydronephro- 
sis, or  the  urine  may  be  discharged 
through  the  open  urachus. 

ExsTRo  VERS  ION  of  the  bladder  is 
one  of  the  most  frequent  malform- 
ations, and  may  occur  in  either  sex. 
It  presents  several  varieties: 

1.  The  umbilicus  is  lower  down 
than  usual,  the  pubic  bones  are  not 
uait«d  at  the  symphysis,  the  pelvis  is 
wider  and  shallower  than  it  should  be. 
Between  the  umbilicus  and  pubes 
the  abdominal  wall  is  wanting  In  its 
place  is  a  projecting,  ovoid  mass  of  mu- 
cous membrane,  in  which  may  be  seen 
the  openings  of  the  ureters.  The  penis 
is  usually  rudimentary ;  the  urethrals 
ao  open  fissure  (epispadias) :  the  clitoris 
may  be  separated  into  two  halves. 
The  ureters  usually  open  normally; 
sometimes  their  openings  are  displaced 
or  are  multiple.    They  may  be  dilated. 

2.  There  may  be  a  fissure  in  the 
abdominal  wall,  filled  up  by  the  per- 
fectly formed  bladder. 

3.  The    umbilicus    may    be    well 
formed,  and  there  is  a  portion  of  ab- 
dominal wall  between  it  and  the  exstro-  Fia.  827.— Htpbrtropbt  or  the  Wall  or 
phied  bladder.  ™*  Buaddek. 

4.  The  external  genitals  and  ure- 
thra may  be  well  formed,  and  the  symphysis  pubis  united,  while  only  the  bladder  is 

5.  The  genitals,  urethra,  and  symphysis  may  be  welt  formed,  the  bladder  closed 
except  at  the  upper  part  of  its  anterior  wall.  The  bladder  is  entirely  or  in  part  in- 
verted and  pushed  through  the  opening  In  the  abdominal  wall. 
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The  URACHU8  normally  remains  as  a  very  small  canal,  5  to  7  cm.  long,  with  a 
small  opening  into  the  bladder,  or  entirely  closed  at  that  point.  If  there  is  a  congen- 
ital obstruction  to  the  flow  of  urine  through  the  urethra,  the  urachus  may  remain  open 
and  the  urine  pass  through,  it.  Or  the  bladder  may  present,  even  in  the  adult,  a 
slender  distention  reaching  close  to  the  umbilicus  as  the  result  of  a  persistent  urachus. 

Changes  in  Size  and  Position. 

Dilatation. — This  may  be  general  or  partial,  leading  to  the  formation  of 
diverticula. 

General  dilatation  of  the  bladder  is  produced  by  the  accumulation  of  urine  in 
consequence  of  some  mechanical  obstacle  to  its  escape,  or  of  paralysis  of  the  muscular 
walls  of  the  organ.  The  dilatation  is  usually  uniform  and  may  be  very  great,  so  that 
the  bladder  may  reach  to  the  imibilicus.  If  the  walls  of  the  bladder  are  paralysed,  or 
the  obstruction  occurs  suddenly  or  is  complete,  the  wall  of  the  bladder  is  thinned. 
When  an  incomplete  obstruction  exists  for  some  time  the  walls  of  the  bladder  are  apt 
to  hypertrophy,  so  that,  although  the  bladder  is  larger  than  normal,  the  walls  may  not 
only  be  of  the  usual  thickness,  but  even  very  much  thicker.  In  the  foetus  dilatation 
of  the  bladder  may  reach  such  a  size  as  to  interfere  with  delivery. 

The  retained  urine  in  dilated  bladders  is  liable  to  decomposition,  from  the  presence 
of  bacteria,  and  this  may  lead  to  inflammation  or  gangrene  of  the  mucous  membrane. 

Diverticula  of  the  bladder  may  be  produced  by  the  pouching  out  of  circumscribed 
portions  of  the  wall  of  the  bladder,  the  wall  of  the  pouch  containing  all  the  layers  of 
the  bladder  wall.  More  frequently,  however,  they  are  produced  by  a  protrusion  of  the 
mucous  membrane  between  hypertrophied  bundles  of  muscle  fibre.  They  may  be 
very  small  (Fig.  626),  or  they  may  be  as  large  as  a  child's  head.  They  may  communi- 
cate with  the  bladder  by  a  large  or  small  opening.  The  decomposition  of  stagnimt 
urine  in  diverticula  is  apt  to  induce  inflammation.  Calculi  may  be  formed  in  them  or 
may  slip  into  them  from  the  bladder. 

Hypertropht  of  the  muscular  coat  of  the  bladder  is  usually  due  to  mechanical 
obstructions  to  the  outflow  of  urine,  such  as  stricture  of  the  urethra,  enlarged  prostate, 
calculi,  new  growths,  etc.  The  muscular  coat  is  thickened  uniformly  or  assumes  a 
trabeculated  appearance  (Fig.  527).  The  organ  retains  its  normal  capacity,  or  is 
dilated,  or  becomes  smaller.  The  mucous  membrane  is  frequently  the  seat  of  chronic 
or  acute  inflammation.  Dilatation  of  the  ureters  and  hydronephrosis  frequently 
accompany  this  condition. 

HERNiiG  of  the  bladder  sometimes  accompany  intestinal  hemise  through  the  ingui- 
nal and  crural  canals  and  the  foramen  ovale.  The  changes  in  position  of  the  bladder, 
produced  by  displacements  of  the  vagina  and  uterus,  will  be  mentioned  with  the 
lesions  of  those  organs. 

In  the  female  the  base  of  the  bladder  may  press  downward,  causing  protrusion  of 
the  vaginal  wall  {vaginal  cystoceU) ;  or  there  may  be  inversion  and  prolapse  of  the 
bladder  through  the  dilated  urethra. 

WOUNDS— RUPTURE— PERFORATION. 

Penetrating  wounds  of  the  bladder  may  permit  escape  of  urine  into 
the  abdominal  cavity,  or  infiltration  into  the  surrounding  connective 
tissue  or  permanent  fistulse.  Such  wounds  are  always  serious  and  fre- 
quently fatal,  owing  chiefly  to  the  severe  and  often  gangrenous  inflam- 
mation which  decomposing  urine  sets  up  in  the  connective  tissue,  or  to 
the  peritonitis  induced  by  the  same  cause. 

Rupture  of  the  bladder  may  be  produced  by  severe  blows  and  falls 
when  the  bladder  contains  urine.  More  rarely  rupture  takes  place  from 
overdistention.  Death  may  occur  from  rupture  of  the  bladder  with 
escape  of  urine  into  the  peritoneal  cavity,  without  evidences  of  peritonitis. 
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Perforations  of  the  bladder  may  be  due  to  ulceration  and  gangrene, 
to  abecesees  from  without,  and  to  cancerous  ulceration  from  the  adjoin- 
ing orgaoB.  Fractures  of  the  pelvic  bones  may  be  accompanied  by 
laceration  of  the  bladder.  Perforations  of  the  bladder  may  lead  to  the 
establishment  of  fistula,  communicating  with  the  rectum,  vagina,  uterus, 
or  opening  externally. 

DISTURBAHCES  OF  CmCDUTIOH. 

Hyperemia. — Aside  from  active  hyperaemia  of  the  mucous  membrane 
in  acute  inSammation,  the  bladder  is  not  infrequently  the  seat  of  chronic 
congestion  from  obstruction  to  the  venous  circulation.  Under  these 
conditions  there  may  be  chronic  catarrhal  inflammation,  or  a  marked 
dilatation  of  the  veins  (vesical  hEemorrhoids),  which  may  give  rise  to 
haemorrhage  or  to  obstruction  of  the  opening  of  the  ureters. 

Hamoirhage. — Extensive  haemorrhages  into  the  bladder  are  com- 
monly due  to  injury  or  to  the  presence  of  calculi  or  tumors.  Small  hcem- 
orrhages  into  the  substance  of  the  mucous  membrane  may  accompany 
inflammation,  the  hiemorrhagic  diathesis,  scurvy,  purpura,  smallpox, 
etc.  If  the  hfEmorrhage  is  considerable  and  occurs  rapidly  in  an  empty 
bladder,  a  clot  is  apt  to  form;  but  when  the  blood  mixes  with  urine  as  it 
is  extravasated  it  more  commonly  remains  liquid  and  is  discharged  as  a 
reddish  brown  fluid. 


nTFLAMHATIOH.     (Cystitis.) 

Acute  Catarrhal  and  Exudative  Cystiti5.^This  may  be  incited  by  the 
presence  of  urine  which  has  decomposed  under  the  influence  of  bacteria; 
by  cantharides  or  other  drugs;  by  the  presence  of  foreign  bodies  and 
calculi;  or  it  may  be  due  to  an  extension  of  gonorrhoeal  urethritis  or 
vaginitis;  or  it  may  occur  with  acute  general  infectious  diseases.  The 
mucous  membrane  is  swollen  and  congested,  although  these  alterations 
may  not  be  very  evident  after  death.  There  may  be  ecchymoais:  the 
epithelium  is  granular  and  may  proliferate  and  peel  off.  Leucocytes 
may  infiltrate  the  submucosa  and  pass  out  between  the  epithelial  cells 
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(Fig.  528) .  Mixed  with  the  urine  there  may  be  shreds  of  mucus,  pus  ceils, 
epithelial  cells  of  various  shapes,  usually  more  or  less  swollen  and  granu- 
lar, or  fragments  of  such  cells;  red  blood  cells,  bacteria,  and  various 
urinary  crystals;  abscesses  may  form  in  the  mucous  membrane;  or  there 
may  be  phlegmonous  inflammation  in  the  submucosa  and  muscularis  of 
the  bladder  with  formation  of  abscesses.  Thus  perforations  and  fifltula 
may  occur.  Resolution  may  take  place  after  acute  catarrhal  and  exu- 
dative cystitis,  but  the  inflammation  very  frequently  assumes  a  chronic 
character. 

Chronic  CysUtls. — In  this  form  the  mucous  membrane  may  be  swollen, 
succulent,  grayish,  or  mottled  with  spots  of  congestion  or  extravasation, 
and  covered  with  a  layer  of  mucus  and  pus.  Microscopically  the  mem- 
brane may  be  more  or  less  infiltrated  with  pus  cells,  and  pus  may  be 


Ths  hyiwrptsatia  epidielium  b  tnoBparantimcl,  dipping  into  thsHibmui 

constantly  produced  and  thrown  off  into  the  urine.  Later  the  mucous 
membrane  may  become  thickened  either  diffusely  or  in  the  form  of  tufts 
or  polypi.  In  some  cases  it  becomes  atrophied.  Owing  to  decomposi- 
tion of  the  haemoglobin  in  the  extravasated  blood  the  mucosa  may 
become  pigmented,  brown,  or  slate-colored.  The  mucous  membrane 
frequently  becomes  eroded,  especially  on  the  most  elevated  portions,  or 
deep  ulcerations  may  occur.  The  muscular  coats  may  become  paralyied 
and  the  bladder  dilated;  or  the  submucosa  or  the  muscularis,  or  both, 
may  become  hypertrophied.  The  mucous  membrane  may  become 
encrusted  with  urinary  salts. 

In  another  class  of  cases  the  inflammation  assumes  a  necrotic  charac- 
ter. Larger  and  smaller  shreds  and  patches  of  the  mucosa  die,  become 
brown  or  gray  in  color,  loosen  or  peel  off,  and  become  mixed  with  the 
urine  and  exudations.     The  gangrenous  process  may  extend  to  all  the 
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coats  of  the  bladder,  so  that  perforation  and  fatal  peritonitis  may  occur. 
The  gangrenous  form  of  cystitis  is  more  apt  to  occur  in  paralytics. 

In  still  another  class  of  cases  the  inflammation  is  suppurative.  The 
Bubmucosa,  the  intermuscular  connective  tissue,  and  the  adjacent  parts 
become  infiltrated  with  pus,  either  diffusely  or  in  the  form  of  larger  and 
smaller  abscesses,  which  may  open  externally  or  internally,  forming  deep 
ulcers.  In  all  these  cases  the  infiammation  may  extend  to  the  ureters 
and  kidneys;  it  may  skip  the  ureters  and  involve  the  kidneys. 

The  small  nodules  of  lymphoid  tissue  in  the  mucous  membrane  of 
the  bladder,  especially  near  the  neck,  may  become  enlarged  and  promi- 
nent in  cystitis,  and  may  then  be  mistaken  for  miliary  tubercles  (nodular 
cystitis). 

Hyperplasia  of  the  epithelium  of  the  bladder  sometimes  occurs  in 
chronic  cystitis  and  under  other  conditions.  This  may  be  diffuse  or  cir- 
cumscribed and  the  epithelium  may  assume  an  epidermal  character. 
Thus  masses  of  transparent  epidermis-like  cells  may  lie  between  papillary 
projections  of  the  submucosa,  forming  structures  which  resemble  glands 
(see  Fig.  529),  or  layers  of  flattened  epithelium  may  cover  or  peel  from 
the  surface  (see  Fig.  530).' 


Tbe  epithelium  hu  aseumed  the  squBmous  ^pe  mid  ia  axfolistiuc. 

A  few  cases  have  been  described  in  which  scattered  over  the  c 
membrane  of  the  bladder  are  small  thickened  areas,  from  two  to  fifteen 
millimetres  in  diameter,  usually  surrounded  by  a  hypersemic  zone,  and 
frequently  ulcerated.  These  areas  of  chronic  inflammatory  thickening 
are  formed  by  hyperplasia  of  the  connective  tissue  with  small-cell  infil- 
tration and  by  peculiar  large  cells  which  appear  to  be  phagocytes  con- 
taining red  blood  cells,  fragments  of  other  cells,  bacteria,  etc.  The 
nature  of  this  lesion  is  not  yet  clear.  It  has  been  called  malakoplakie  and 
cystitis  en  plaque.' 

Croupous  Cystitis. — In  connection  with  any  of  the  above  lesions  the 
mucous  membrane  of  the  bladder  may  be  covered,  in  patches  or  some- 
times over  a  considerable  portion  of  its  surface,  with  a  layer  of  fibrin, 

'For&gtud]'  of  t^aienitioii  in  mucoiu  membrane  of  tbe  bladder  see  Lano,  Vircfa.  Ardi.,  Bd. 
elziviii.,  p.  65,  1904. 

■  See  for  a  d«ciq>tHm  and  diaaiusion  at  tb'a  lejioa  LandMeitur  and  Sloir/c.  Ziegler'a  Beitr.,  Bd. 
zxxvi..!p.  131,  1904. 
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either  granular  or  fibrillar,  enclosing  pus  and  epithelial  cells  and  bacteria. 
The  mucosa  may  be  infiltrated  with  fibrin. 

This  form  of  inflammation  may  occur  in  connection  with  severe 
infectious  diseases — measles,  diphtheria,  scarlatina,  typhoid  fever;  in 
connection  with  similar  inflammation  of  the  external  genitals,  in  puer- 
peral fever,  noma,  and  sometimes  in  the  presence  of  foreign  bodies.  It 
rarely  occurs  independently. 

In  the  so-called  emphysematous  cystltiSi  due  to  the  presence  of  Bacil- 
lus aerogenes  capsulatus,  larger  and  smaller  gas  blebs  may  be  present  in 
the  mucosa  and  underlying  tissue.^ 

The  most  common  micro-organisms  which  act  as  excitants  of  acute 
catarrhal  and  exudative  cystitis  are  Bacillus  coli  communis,  Streptococ- 
cus pyogenes,  and  Staphylococcus  pyogenes,  the  gonococcus  and  typhoid 
bacillus, '  Bacillus  proteus,  and  Bacillus  aerogenes  capsulatus.  Many 
other  forms  are  of  occasional  occurrence.* 

Tuberctilous  Cystitis. — There  may  at  first  be  miliary  tubercles  formed 
in  the  submucosa.  By  the  coalescence  of  these  and  the  degeneration  of 
tissue  about  them,  ulcers  are  formed,  and  it  is  most  frequently  in  the 
ulcerative  stage  that  the  lesion  is  seen.  The  ulcers,  which  may  be  large 
or  small,  are  usually  most  abundant  at  the  base  of  the  organ.  Their 
edges  may  be  cheesy,  and  miliary  tubercles  in  greater  or  smaller  num- 
bers are  usually  found  in  the  mucosa  about  them.  Not  infrequently 
large  shreds  of  tissue  are  loosened  and  cast  off.  The  mucosa  about  the 
ulcers  is  apt  to  be  infiltrated  with  small  spheroidal  cells.  Tubercle 
bacilli  are  present  in  many  of  the  tubercles  and  in  the  edges  and  base  of 
the  ulcers,"  and  may  be  found  in  the  urine.  Catarrhal  inflammation  is 
a  very  constant  accompaniment  of  this  lesion.  Tuberculous  cystitis  may 
occur  in  connection  with  tuberculous  inflammation  of  the  lungs  and 
intestines,  or  of  the  kidney,  uterus,  prostate,  etc. 

TUMORS. 

Small  nodular  fibromata  may  form  in  the  submucosa. 

Aside  from  the  polypoid  thickenings  of  the  mucosa  occurring  in 
chronic  cystitis,  soft  vascular  papillomata  are  of  frequent  occurrence. 
These  tumors  vary  in  size  from  that  of  a  pea  to  that  of  a  pigeon 's  egg  or 
larger.  They  consist  of  a  fibrous,  often  very  vascular  stroma,  and  are 
covered  on  the  surface  with  numerous  small,  closely  set,  villous  projec- 
tions, over  which  are  irregular  layers  of  elongated  or  cylindrical  cells 
(Fig.  531).  These  tumors  are  very  liable  to  bleed,  are  often  accompanied 
by  vesical  catarrh,  and  may  be  covered  by  a  precipitate  of  urinary-  salts. 
The  epithelium  is  liable  to  peel  off  from  the  surface  of  the  villi  and 
appear  in  the  urine.  Sarcoma  of  the  bladder  has  been  described,  but  is 
rare.* 

*  See  for  bibliography  Kedrowaky,  Centralbl.  f.  Path.,  Bd.  ix.,  p.  817,  1898. 
'  See  Cursckmann,  Munchener  med.  Wochenschr.,  Oct.  16th,  1900,  bibl. 

•  For  a  study  of  bacteria  of  urinary  passages  see  FcUtin,  Cbl.  f.  d.  Kr.  d.  Ham-  u.  Sex.-  Org.,  Ed. 
xiii.,  1902,  p.  130,  bibl. 

*See  Wilder,  Am.  Jour.  Med.  Sci.,  vol.  cxxix.,  p.  63,  1903. 
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Myoma,  adenoma,  and  angioma  are  recorded. 

Carcinoma.— Carcinoma  of  the  bladder  is  most  frequently  secondary, 
and  is  then  rarely  due  to  metastasis,  but  to  an  extension  of  the  growth 
from  neighboring  parts,  as  the  uterus,  vagina,  or  rectum. 

Primary  carcinoma  of  the  bladder  may  occur: 

1.  As  a  diffuse  scirrhous  inJUtration  of  the  entire  wall  of  the  bladder, 
usually  with  ulcerations  of  its  inner  surface. 

2.  As  a  circumscribed  nodule  {Fig.  532)  which  grows  inward  and  out- 
ward, ulcerating  on  its  inner  surface,  and  sometimes  producing  perfors- 
tiona. 


3.  As  a  villous  or  papillomtftous  growth.  The  tumor  grows  from  oneor 
more  points  of  the  inner  surface  of  the  bladder.  It  is  formed  of  tubular 
follicles  lined  with  epithelium  (Fig.  533),  while  on  its  surface  are  tufta 
covered  with  cylindrical  epithelium.  The  new  growth  may  involve 
the  entire  thickness  of  the  wall  of  the  bladder. 

4.  A  few  cases  of  carcinoma  have  been  described  in  which  the  stroma 
contained  a  varying  quantity  of  smooth  muscle  tissue.' 

Cysts. — Dermoid  cysts  of  the  wall  of  the  bladder  have  been  described, 
but  are  rare.*     Small  cysts  with  serous  contents  sometimes  occur  in  the 

'  For  study  of  canlaomB  of  the  uri^Ier  see  MHcalf  and  Sagord,  Am.  Jour.  M«l.  ScU.  vol  cnii- 
p.  50,  1905. 

■  See  esse  by  Block  wut  Hatt.  Am.  Jour.  Med.  Sd..  vol.  exxix..  p  051,  IMS. 


THE    URINARY   ORGANS  789 

mucous  membrane;  a  part  of  them,  at  least,  are  believed  to  be  due  to 
faulty  embryonal  development. 

PARASITES,  FOREIGN  BODIES,  AND  CALCUIX 

Among  the  animal  parasites  occasionally  found  in  the  bladder  may 
be  mentioned  EdUnococcus,  Dlstoma  tasmatoUum,  Illaila  sanguinis, 
Ascaildes,  and  Ozyuildes. 

A  great  variety  of  foreign  bodies  may  be  found  in  the  bladder,  par- 
ticularly in  the  female.  If  their  stay  is  long  they  are  apt  to  become 
encrusted  with  urinary  salts. 

CakuU. 

Vesical  calculi  may  occur  singly  or  ia  great  numbers,  and  vary  greatly  in  aiie, 
nuiging  from  small,  sand-like  particles  up  to  masses  four  or  five  inches  in  diameter; 
but  the  usual  range  ia  from  the  size  of  a  pea  to  that  of  a  hen's  egg.  They  are  usually 
oval,  spheroidal,  or  elongated ;  or,  when  several  are  present,  they  are  apt  to  be  faceted. 
The  surface  may  be  smooth  or  rough.  They  are  usually  more  or  less  distinctly  lamel- 
lAted,  and  are  frequently  formed  around  a  central  body  called  a  nucleus,  which  may 


either  be  formed  of  urinary  salts  o]  „  . 

■tttuente  are  phosphateg,  uric  at.id,  and  urates,  and  caUium  oxalate,  or  various  combina- 
tions of  these. 

Uaic-ACID  Calculi. — These  are  the  most  common  of  vesical  calculi.  In  the  form 
of  small  brownish  red,  crystaUine  aggregations  they  may  be  passed  as  "  gravel."  Tlia 
larger  uric-acid  calculi  are  not  commonly  of  very  great  siie,  are  frequently  finely 
nodulated  on  the  surface,  but  may  be  smooth.  The  color  varies  from  light  yellow  to 
dark  reddish  brown;  they  are  usually  dense  and  lamellated. 
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'  Calculi  Formed  of  Urates: — Calculi  composed  of  pure  urates  are  rare,  these 
salts  being  more  commonly  combined  with  uric  acid  and  the  phosphates  to  form  the 
complex  calculi.  Sodium  urate,  in  the  form  of  small  spined,  more  or  less  globular 
crystalline  masses,  forms  one  of  the  varieties  of  "gravel." 

Phosphatic  Calculi. — Pure  calcium-phosphate  calculi  are  rarely  found  as  whitish, 
usually  smooth,  and  small  lamellated  concretions. 

Mixed  or  Triple  Phosphate  calculi  are  common,  and  frequently  attain  large 
size.  These  calculi  are  sometimes  pure,  but  the  deposit  is  more  frequently  associated 
with  other  salts,  either  as  encrusting  or  intercalated  lamells.  Triple-phoephate 
calculi  are  usually  rough  on  the  surface,  of  grayish  white  color,  lamellated,  and  fre- 
quently very  friable  (Fig.  534). 

Calcium-carbonate  Calculi. — Small  gray  or  white,  hard,  and  usually  smooth 
calculi  of  pure  calcium  carbonate  occur  rarely.  Calcium  carbonate  is  sometimes  passed 
as  gravel  in  the  form  of  minute  spheroidal  bodies,  either  singly  or  in  clusters. 

Calcium-oxalate  calculi  (mulberry  calculi)  are  comparatively  common,  either  pure 
or  in  combination  with  uric  acid  or  the  phosphates.  Calcium  oxalate  may  occur 
in  the  form  of  very  small,  hard,  smooth  concretions,  or  as  larger,  heavy,  hard,  finely  or 
coarsely  nodulated  brown  or  blackish  lamellated  masses.  The  nucleus  or  some  of  the 
lamelke,  or  both,  are  often  composed  of  uric  acid. 

Cystin  Calculi  are  usually  ovoidal  in  shape,  of  waxy  consistence,  of  clear  or 
brownish  or  greenish  yellow  color,  with  mammillated  surface  and  crystalline  fracture. 
Cystin  may  be  associated  in  a  variety  of  ways  with  other  calculi. 

Xanthin  Calculi,  which  are  very  rare,  are  usually  of  moderate  size,  smooth,  of  a 
cinnamon  or  cinnabar-red  color,  lamellated,  and  oval  or  flattened  in  shape. 

Solid  masses  of  fibrin  and  blood  sometimes  occur  in  the  bladder,  and  may  exist  as 
independent  structures,  or  form  nuclei  for  the  deposit  of  urinary  salts. 

For  a  detailed  account  of  calculi,  the  conditions  under  which  they  form,  modes  of 
analysis,  etc.,  we  refer  to  special  works  on  this  subject. 


The  Urethra. 

Malfonnations. 

Some  of  the  malformations  of  the  urethra  are  described  with  those  of  the  penis. 

The  urethra  may  be  impervious  or  may  open  at  the  root  of  the  penis.  More  com- 
monly there  is  partial  obliteration  or  stricture  of  some  part  of  the  canal.  The  entire 
urethra  may  be  dilated  into  a  sac. 

There  may  be  a  canal  on  the  dorsum  of  the  penis,  formed  by  the  fusion  of  the  sper- 
matic cords,  and  opening  in  the  glans  above  the  urethra. 

There  may  be  two  or  more  openings  of  the  urethra.  The  canal  may  be  dislocated 
so  as  to  open  in  the  inguinal  region. 

A  number  of  cases  have  been  reported  in  which  a  valve  in  the  urethra  has  led  to 
hypertrophy  of  the  bladder,  dilatation  of  the  ureters,  and  hydronephrosis. 

Owing  to  its  narrowness,  greater  length,  and  peculiar  connections  with  the  internal 
generative  organs,  the  male  urethra  is  much  more  liable  to  disease  than  the  female. 


Changes  in  Size  and  Position. 

Dilatation  of  the  urethra  may  be  produced  by  strictures,  or  by  calculi  or  other 
bodies  fixed  in  its  lumen.  The  dilatations  are  fusiform  or  sacculated  in  shape,  and 
may  reach  the  size  of  an  orange  or  be  even  larger. 

Strictures  of  the  urethra  are  usually  due  to  inflammation  of  its  walls. 

The  stricture  may  be  temporary ^  and  due  to  a  diffuse  inflammatory  swelling  of  the 
mucous  membrane,  or  to  the  raising  of  the  relaxed  membrane  into  a  fold  or  pocket. 

Permanent  strictures  are  produced  by  structural  changes  in  the  walls  of  the  urethra. 

1 .  The  mucous  membrane  and  submucous  tissue  become  thickened  in  inflamma- 
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tion  or  as  the  result  of  injury  and  the  new-formed  fibrous  tissue  which  contracts  and 
a  arrows  the  canal. 

2.  Ulceration  of  the  mucous  membrane  leaves  cicatricial  tissue,  which  contracts, 
and  also  produces  adhesions  and  bands  of  fibrous  tissue  (Fig.  535). 

3.  There  is  fibrous  induration  of  the  corpus  spongiosum  and  consequent  constric- 
tion of  the  urethra. 

The  most  frequent  position  of  strictures  is  at  the  junction  of  the  membranous  and 
spongy  portions  of  the  urethra,  or  close  to  this  point.  They  also  occur  at  the  fossa 
navicularis  and  meatus,  but  more  frequently  in  the  prostatic  portion.  There  may  be 
ir  several.     The  consequences  of  stricture  are  dilatation  of  the  urethra. 


Fio.  535. — Stbictdbb  or  thb  Mali  UmTBaA. 

the  bladder,  and  the  ureters,  and  hydronephrosis;  inflammation  and  ulceration  of  the 
urethra  behind  the  stricture,  with  perforation,  infiltration  of  urine,  or  the  formation  of 
fistuls. 

The  urethra  may  also  be  obstructed  by  folds  of  the  mucous  membrane;  by  muscular 
valves  at  the  neck  of  the  bladder;  by  wounds;  by  polypi  and  swollen  glands;  by  new 
growths;  by  changes  in  the  prostata  and  perineum;  by  calculi,  mucus,  blood,  and 
echinococci  coming  from  the  bladder;  by  foreign  bodies  introduced  from  without. 

Prolapse  and  inversion  of  the  mucous  membrane  occur  occasionally  in  young 
girls  and  women.  There  is  a  bluish-red  swelling,  from  the  site  of  a  pea  to  that  of  a 
walnut,  at  the  meatus.  In  the  male,  invagination  of  the  mucous  membrane  of  the 
urethra  has  been  seen  after  injuries  of  the  perineum. 

mjmUES—PERFORATION— HEMORRHAGES. 

Wounds  of  the  urethra  are  produced  in  many  ways,  but  most  com- 
monly by  catheters  and  bougies.  The  wounds  may  cicatrize,  or  there 
may  be  infiltration  of  urine  or  the  formation  of  fiBtulse  or  false  passages. 

Ruptures  of  the  urethra  are  produced  by  severe  contusions  and  by 
fracture  of  the  pelvic  bones.  Extravasations  of  blood  and  urine,  and 
gangrenous  inflammation  of  the  surrounding  soft  parts,  are  the  ordinary 
results.     Urethral  varices  in  the  female  may  lead  to  hiemorrhage. 

Ulceration  and  per/oration  of  the  urethra  may  lead  to  the  formation 
of  hstute,  which  open  in  various  directions  through  the  skin, 

raFLABDUTIOn.     (Urethritij.) 

Catarrbal  Urethritis  may  be  due  to  the  action  of  chemical  irritants,  and 
to  the  extension  to  the  urethra  of  inflammation  from  other  parts;  but  its 
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most  frequent  excitant  is  the  gonococcus.  In  its  acute  form  it  involves 
either  a  portion  or  the  whole  of  the  urethra.  The  mucous  membrane 
is  red,  swollen,  and  covered  with  muco-pus.  The  epithelium  may  be 
loosened  or  exfoliated;  pus  cells  are  present  in  the  submucosa  between 
the  epithelial  cells.  The  gonococcus  is  present  usually  in  considerable 
numbers  in  the  exudate,  both  free  and  in  the  pus  cells.  It  may  pene- 
trate between  the  epithelial  cells. 

Resolution  may  follow  acute  gonorrhceal  urethritis.  But  the  condi- 
tion may  become  chronic  and  then  is  often  confined  to  the  posterior  por- 
tions of  the  urethra.  Here  the  gonococcus  may  persist  for  a  long  time 
and  may  be  mingled  with  the  exudate,  which  is  now  less  purulent  and 
consists  very  largely  of  mucus  which  in  thread-like  forms  may  be  passed 
with  the  urine. 

Chronic  Inflammation  of  the  urethra  may  exist  for  a  long  time  with 
the  production  of  a  muco-purulent  exudation,  but  without  the  occur- 
rence of  marked  structural  lesions.  In  other  cases  it  leads  to  ulceration, 
to  fibrous  induration  of  the  wall  of  the  canal  (see  Fig.  535),  to  indura- 
tion and  swelling  of  the  mucous  follicles,  to  polypoid  thickenings  of  the 
mucous  membrane. 

The  inflammation  may  extend  to  the  fibrous  wall  of  the  urethra,  the 
corpora  spongiosa  and  cavernosa.  This  may  result  in  the  formation  of 
new  connective  tissue  or  of  abscesses,  especially  near  the  fossa  navicu- 
laris.  There  may  be  involvement  of  the  bladder,  the  glands  of  Cowper, 
the  prostate,  the  spermatic  cord,  and  the  testicles.  The  inguinal  glands 
also  may  be  swollen  and  inflamed,  and  the  lymphatic  vessels  on  the 
dorsum  of  the  penis  may  be  involved  in  the  same  process. 

Membranous  Inflammation  is  sometimes  seen  in  children.  Fibrinous 
casts  of  a  small  or  large  portion  of  the  canal  may  be  formed. 

Tuberculous  Inflammation  occurs  rarely  in  the  mucous  membrane  of 
the  urethra  in  connection  with  tuberculous  inflammation  of  the  bladder, 
prostate,  or  testicles. 

Syphilitic  Ulcers  may  be  situated  at  the  meatus  or  as  far  back  as  the 
fossa  navicularis.    They  are  apt  to  produce  strictures. 

TUMORS. 

Aside  from  the  polypoid  outgrowths  from  the  mucous  membrane  of 
the  urethra  as  the  result  of  chronic  inflammation,  fibrous  polyps  may 
occur  congenitally,  or  polyps  containing  glandular  structures  or  cysts 
rarely  occur.  Carcinoma  may  occur  as  a  result  of  local  extension  from 
adjacent  organs  or  metastasis  from  the  bladder. 

Cysts  may  occur  in  the  membrane  as  a  result  of  the  dilatation  of  the 
mucous  glands.  Circumscribed  masses  of  dilated  veins  occasionally 
occur  in  the  urethra,  forming  the  so-called  urethral  haemorrhoids. 

The  sinus  pocularis  may  be  dilated  in  children  by  the  retention  of  its 
secretion,  so  as  to  form  a  mass  which  may  obstruct  the  exit  of  urine  and 
lead  to  hypertrophy  of  the  bladder  and  dilatation  of  the  ureters. 


CHAPTER  X. 

THE  REPRODUCTIVE  ORGANS  OF  THE  FElfALE. 

The  Vulva. 

Halfonnations. 

The  external  genitals  may  be  entirely  absent  or  imperfectly  developed.  The 
fissure  between  the  labia  may  be  unformed,  or  the  labia  may  grow  together,  with  or 
without  obstruction  of  the  urethra.  The  clitoris  and  nymphse  may  be  abnormally 
large,  or  the  nymphse  may  be  increased  in  number.  The  clitoris  may  be  abnormally 
long;  at  the  same  time  the  vagina  is  narrow,  the  uterus  small  and  imdeveloped  or 
malformed;  the  ovaries  are  small,  sometimes  situated  in  the  labia;  the  mamms  small, 
and  the  body  is  of  a  masculine  character.  Such  cases  are  sometimes  called  pseudo- 
hermaphrodites. The  clitoris  may  be  perforated  by  the  urethra  or  may  be  cleft  and 
apparently  double. 

The  hymen  is  subject  to  various  anomalies.  It  may  be  entirely  absent.  The 
opening  may  be  very  large  or  in  unusual  places;  there  may  be  several  openings;  the 
free  edge  may  be  beset  with  papillary  projections;  there  may  be  no  opening  at  all. 

HiEMORRHAGE,  HYPERJEMIA,  ETC. 

Haemorrhage  may  take  place  from  wounds  or  ulcers  of  the  vulva,  but 
the  most  important  form  of  haemorrhage  is  that  which  occurs  in  the  con- 
nective tissue  of  the  labia  majora.  This  may  occur  during  labor  or 
result  from  external  injury.  One  of  the  labia  may  be  much  swollen  and 
distended  by  the  extravasated  blood.  The  blood  may  be  gradually 
absorbed,  or  it  may  decompose  with  suppuration  or  gangrene  of  the 
surrounding  tissue. 

Varicose  Veins  in  the  labia  are  not  infrequent.  (Edema  of  the  labia 
majora  may  occur  in  pregnancy  or  in  labor.  It  frequently  accompanies 
disturbances  of  the  venous  circulation,  as  in  certain  heart  and  lung  dis- 
eases; or  it  may  occur  in  chronic  diffuse  nephritis  or  other  wasting  dis- 
eases; or  as  a  result  of  thrombosis  or  other  disturbances  of  circulation  in 
the  uterine  or  perivaginal  venous  plexuses.  The  latter  may  be  excessive, 
leading  to  the  transudation  of  fluid  through  the  skin,  to  the  formation  of 
vesicles,  or  superficial  erosion,  or  even  of  gangrene. 

INFLAMMATION.     (Vulvitis.) 

The  skin,  mucous  membrane,  connective  tissue,  and  glands  of  the 
vulva  may  be  the  seat  of  inflammation. 

Acute  Catarrhal  Inflammation  of  the  mucous  membrane  may  be 
induced  by  a  variety  of  substances,  but  is  most  frequently  due  to  gonor- 
rhoea! infection.     The  mucous  membrane  is  swollen  and  red  and  covered 
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with  a  muco-purulent  exudate.  The  labia  may  be  swollen,  the  glands 
of  Bartholin  are  liable  to  be  involved,  and  abscesses  of  the  labia  may  be 
developed. 

Chronic  Catarrhal  Inflammation  may  lead  to  superficial  or  deep  ulcera- 
tion of  the  mucous  membrane,  or  to  papillary  outgrowths,  or  to  thickening 
of  the  labia.  Suppurative  inflammation  of  the  tissue  of  the  labia  may 
occur  with  a  similar  process  in  neighboring  parts.  Erysipelatous  Inflam- 
mation of  the  skin  of  the  vulva  is  frequent  in  young  children.  In  adults 
it  is  less  common.  Inflammation  of  the  vulvo-vaginal  glands  may  be 
acute  and  lead  to  abscesses,  or  chronic  and  produce  induration  of  the 
gland. 

Gangrene  may  follow  erysipelatous  inflammation,  or  occur  after  par- 
turition; it  may  accompany  severe  exhausting  and  infectious  diseases. 
It  may  follow  bruises  or  other  injuries.  In  some  forms,  such  as  those 
known  as  noma  and  hospital  gangrene,  the  destruction  of  tissue  proceeds 
with  extreme  rapidity.^ 

Membranous  Inflammation  may  occur,  with  or  without  diphtheria 
and  a  similar  lesion  of  the  fauces  or  elsewhere,  and  is  frequently  associ- 
ated with  gangrene. 

Tuberculous  Inflammation,  usually  with  ulceration,  occasionally 
occurs  in  the  vulva. 

Syphilitic  Inflammation  and  ulceration  are  of  frequent  occurrence  on 
the  vulva,  particularly  on  the  mucous  surfaces,  and  may  lead  to  consid- 
erable destruction  of  tissue  and  cicatricial  contractions. 

In  one  form,  the  so-called  mucous  patch,  there  is  an  infiltration  of  the 
papillary  layers  of  the  skin  or  mucous  membrane  with  variously  shaped 
cells  and  fluid,  so  that  the  tissue  has  a  gelatinous  appearance.  In  other 
cases  there  is  an  hypertrophy  of  the  papillae,  so  that  larger  and  smaller 
wart-like  excrescences  are  formed.     This  is  called  the  pointed  condyloma, 

TUMORS. 

Fibroma. — Circumscribed  fibrous  tumors  are  found  in  the  connective 
tissue  of  the  labia,  mons  veneris,  perineum,  clitoris,  and  entrance  to  the 
vagina.  They  may  attain  a  large  size,  and,  attached  only  by  a  pedicle, 
may  hang  far  down  between  the  legs.  The  skin  is  usually  movable  over 
the  surface  of  these  tumors. 

Fibroma  diffusum  (elephantiasis) . — This  usually  involves  the  clitoris 
or  the  labia,  or  both,  and  may  extend  to  surrounding  parts  of  the  skin. 
It  consists  essentially  of  a  diffuse  hypertrophy  of  the  skin  and  subcuta- 
neous tissue,  with  or  without  involvement  of  the  papillae  and  epidermis. 
The  surface  may  be  smooth  or  rough.  When  the  papillae  and  epidermis 
are  much  involved,  larger  and  smaller  cauliflower-like  excrescences  may 
cover  the  hypertrophied  parts,  and  the  surface  be  very  rough  and  scaly. 

PapiUomata. — These  growths  consist  of  hypertrophied  papilte  covered 
with  thick  layers  of  epithelium.     They  vary  in  size  from  that  of  a  pea  to 

*  For  a  study  of  noma  with  bibl.  see  Blumer  and  MacFarlane^  Am.  Jour.  Med.  ScL,  voL  oxziL.  1901  r 
p.  527. 
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that  of  an  apple,  and  have  a  cauliflower  appearance.  Lipoma,  fibroma, 
fibro-sarcoma,  and  angioma  are  of  occasional  occurrence  in  the  vulva. 
A  few  cases  of  melano-sarcoma  are  recorded.  Chondroma  of  the  clitoris 
has  been  described.  Carcinoma  of  the  vulva  may  be  primary,  usually  in 
the  form  of  epithelioma  of  the  clitoris  or  labia,  or  it  may  be  secondary  to 
cancer  of  the  uterus,  vagina,  etc.  Adenoma  of  Bartholin's  glands  is  noted. 
Cysts  are  found  in  the  connective  tissue  of  the  labia  majora  and 
minora.  They  are  from  the  size  of  a  pea  to  that  of  a  child's  head. 
They  may  contain  serum,  colloid  material,  purulent  or  bloody  fluid,  or 
they  may  have  the  characters  of  dermoid  cysts  or  atheroma  cysts.  Their 
origin  is  in  many  cases  obscure.  In  some  cases  they  are  doubtless  due 
to  dilatation  of  lymph-vessels.  Cysts  may  be  formed  by  a  stoppage  and 
filling  with  fluid  of  the  canal  of  Nuck,  or  by  a  dilatation  of  the  ducts  or 
acini  of  the  vulvo-vaginal  glands.^ 

The  Vagina. 

Malformations. 

The  vagina  may  be  entirely  absent,  and  the  internal  organs  of  generation  also 
absent  or  imperfectly  developed.  Either  the  upp)er  or  the  lower  portion  of  the  canal 
may  be  absent  while  the  remaining  portion  is  present. 

The  vagina  may  be  closed  by  an  imperforate  hymen  or  by  fibrous  septa  at  any  part 
of  its  canal.     The  canal  may  be  abnormally  small  without  being  occluded. 

The  vagina  may  be  double,  in  connection  with  a  double  uterus;  or,  while  the  uterus 
is  normal,  the  vagina  may  be  incompletely  divided  by  a  longitudinal  septum. 

Changes  in  Size  and  Position. 

Dilatation  of  the  vagina  is  produced  by  tumors,  by  the  prolapsed  uterus,  and  by 
the  accumulation  of  blood  and  mucus  behind  constrictions  or  obliterations  of  the  canal. 

Lengthening  of  the  vagina  is  produced  by  any  cause  which  draws  the  uterus 
upward.  Nahrowing  occurs  as  a  senile  change,  is  produced  by  the  pressure  of  tumors, 
or  may  follow  ulceration  of  the  wall  of  the  canal  through  cicatricial  contraction. 

Prolapse  of  the  vagina  occurs  independently,  usually  as  a  result  of  thickening 
or  laxity  of  its  walls,  or  in  connection  with  prolapse  of  the  uterus.  It  may  occur  soon 
after  parturition.  A  larger  or  smaller  portion  of  the  canal  is  inverted  and  projects 
through  the  vulva.  The  entire  circumference  of  the  canal  may  be  inverted  and  pro- 
lapsed, or  only  the  anterior  or  posterior  wall.  The  prolapse,  at  first  small,  may  after- 
ward gradually  increase  in  size  and  drag  down  the  uterus  with  it.  In  other  cases  pro- 
lapse of  the  uterus  is  primary,  and  the  vagina  is  inverted  by  the  descent  of  that  organ; 
or  the  body  of  the  uterus  may  retain  its  normal  position,  while  an  hypertrophy  and 
lengthening  of  the  cervix  alone  drags  down  the  vagina. 

Hernia  Vesico-vaginaus — Cystocele — may  be  either  the  cause  or  effect  of  a 
prolapse  of  the  vagina  and  uterus.  If  the  cystocele  be  the  primary  lesion,  it  begins  as 
a  small  projection  of  the  wall  of  the  bladder  into  the  anterior  part  of  the  vagina.  As 
the  urine  accumulates  in  this  sac  it  increases  in  size,  projects  through  the  vulva,  draws 
down  the  vagina  and  the  anterior  lip  of  the  cervix,  and  finally  the  entire  uterus.  If 
the  cystocele  be  the  secondary  lesion,  it  is  produced  by  the  dragging  down  of  the  pos- 
terior wall  of  the  bladder  by  the  inverted  vagina. 

Hernia  Intestino-vaginalis. — A  portion  of  the  intestines  may  become  fixed  in 
Douglas'  cul-de-sac  between  the  rectum  and  the  uterus.  This  portion  of  intestine 
gradually  becomes  larger,  pushes  forward  the  posterior  wall  of  the  vagina,  inverts  and 

^  For  a  study  of  cysta  of  Bartholin's  glands  see  Cullen,  Jour.  Am.  Med.  Assn.,  vol.  xliv.,  p.  204, 
1905. 
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fills  up  that  canal,  and  finally  projects  through  the  vulva.  It  may  drag  with  it  the 
posterior  wall  of  the  vagina  and  the  uterus. 

Rectocble  Vaginalis. — A  sac  is  formed  by  the  projection  of  the  anterior  wall 
of  the  rectum  and  the  posterior  wall  of  the  vagina.  This  lesion  is  of  rare  occurrence 
and  does  not  reach  a  large  size. 

When  the  vagina  is  prolapsed  there  is  usually  inflammation  of  the  lining  membrane 
or  a  thickening  of  the  epidermis. 

WOUNDS— PERFORATIONS. 

Wotinds  of  the  vagina  are  made  by  penetrating  instruments,  by  for- 
ceps and  other  obstetrical  weapons,  by  the  foetus  during  delivery,  or  may 
result  from  coitus.  Such  wounds  may  heal,  or  give  rise  to  large  haemor- 
rhages, or  suppurate,  and  lead  to  abscesses  in  the  surroimding  tissue,  or 
leave  fistulous  openings  into  the  vagina;  or  they  may  by  cicatricial  con- 
traction in  healing  lead  to  constriction  or  obliteration  of  its  canal. 

Veslco-yaglnal  Flstulae  are  usually  produced  by  injuries  from  instru- 
ments or  from  the  foetus  during  delivery;  less  frequently  by  ulceration 
of  the  vagina,  bladder,  or  adjacent  connective  tissue,  or  by  abscess  in 
the  surrounding  parts.  The  fistulae  form  an  opening  between  either  the 
bladder  or  the  urethra  and  the  vagina.  They  allow  the  urine  to  pass 
into  the  vagina.     Spontaneous  cure  does  not  take  place. 

Recto-yaginal  Fistulae  are  formed  in  the  same  way  as  the  last-men- 
tioned. They  allow  the  passage  of  gas  or  faeces  into  the  vagina.  They 
sometimes  heal  spontaneously. 


INFLAMMATION  (Vaginitis.) 

Catarrhal  Inflammation  of  the  vaginal  mucous  membrane  may  be 
acute  or  chronic.  It  is  most  frequently  induced  by  the  gonococcus,  but 
may  be  due  to  local  irritation  or  accompany  active  infectious  processes. 
It  not  infrequently  occurs  in  the  new-bom.  In  the  aqute  form  the  mucous 
membrane  is  swollen  and  frequently  covered  with  a  muco-purulent  or  a 
purulent  exudation.  In  the  chronic  form  the  mucous  membrane  may  be 
swollen,  covered  with  a  purulent  exudation;  there  may  be  an  exfoliation 
of  epithelium,  shallow  or  deep  erosions,  or  ulcers. 

Sometimes  large  shreds  or  membranes  are  cast  off  from  the  vagina 
which  consist  wholly  of  exfoliated,  flat  epithelium.^  In  other  cases  the 
mucous  membrane  is  thickened,  dense,  and  sometimes  pigmented,  or 
it  may  be  roughened,  covered  with  papillae,  or  it  may  be  relaxed  and 
prolapsed. 

Membranous  Inflammation  may  occur  after  parturition,  in  dysenten', 
typhus  and  typhoid  fevers,  diphtheria,  scarlatina,  measles,  and  other 
infectious  diseases.  The  mucous  membrane  is  swollen  and  covered  with 
a  grayish  layer  of  fibrin  and  pus.  The  mucosa  and  submucosa  may  be 
infiltrated  with  fibrin  and  pus.  The  infiltrated  portions  of  the  mucosa 
and  submucosa  may  die  and  become  gangrenous,  and  thus  deep  and 
extensive  ulcers  be  formed. 

» Consult  McFarland,  Proc.  Phila.  Path.  Soc.,  N.  S.,  vol.  ii.,  p.  116,  1899. 
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Suppiiratiye  Inflammation  of  the  fibromuscular  coat  of  the  vagina  may 
occur  after  injuries  or  in  pregnant  and  puerperal  women.  Abscesses 
may  be  formed  which  penetrate  into  the  labia  or  into  the  pelvic  connec- 
tive tissue.  In  other  cases  the  intense  phlegmonous  inflammation  may 
lead  to  the  death  and  casting-oflF  of  portions  of  the  vaginal  wall,  or  even 
of  the  entire  wall. 

Emphysematous  Vaginitis. — Anaerobic  bacilli  developing  in  the  vag- 
inal wall  may  give  rise  to  small  cysts  or  blebs. 

Gangrene  of  the  vagina  may  occur  as  a  result  of  croupous  or  intense 
suppurative  or  syphilitic  inflammation,  or  from  unknown  causes.  In 
the  form  of  noma  it  may  be  very  extensive  and  rapidly  destructive. 

Tuberculous  and  Syphilitic  Inflammation,  usually  leading  to  more  or 
less  extensive  ulceration,  may  occur  in  any  part  of  the  vagina.  Tuber- 
culous inflammation  is  usually  secondary  to  tuberculosis  of  other  parts. 
Syphilitic  ulcers  may  heal,  sometimes  leaving  marked  cicatrices,  and 
sometimes  not. 

TUMORS. 

Fibroma,  fibro-myoma,  sarcoma,  myoma  laevicellulare,  are  of  occa- 
sional occurrence  in  the  vagina.  Myoma  striocellulare  is  of  rare  occur- 
rence.    A  teratoma  has  been  described  and  a  few  cases  of  endothelioma.^ 

Papillomata  are  of  frequent  occurrence  as  a  result  of  chronic  inflam- 
mation. Carcinoma  of  the  vagina  is  usually  secondary  to  cancer  of  the 
uterus.  It  may  be  primary  and  nodular,  or  more  often  it  is  papillary 
and  ulcerating  and  spreads  to  adjacent  parts. 

Cysts. — These  are  not  very  common  and  may  be  small  or  as  large  as 
a  hen's  egg.  They  may  be  lined  with  flattened  epithelium,  and  contain 
serous  or  viscid,  dark-colored  or  transparent  fluid.* 

PARASITES. 

Among  the  animal  parasites  Ozjruris  and  Trichomonas  vaginalis  are  of 
occasional  occurrence.  Among  the  vegetable  forms  Oidium  albicans  and 
Leptothriz  are  occasionally  seen,  while  various  forms  of  bacteria  are  com- 
mon. Staphylococcus  and  Streptococcus  pyogenes  have  been  found 
many  times  in  the  normal  vagina.  While  these  and  other  bacteria  may 
be  harmless  in  the  normal  vagina,  should  conditions  favoring  their  growth 
or  an  increase  in  their  virulence  occur,  as  after  delivery  for  example, 
serious  infectious  processes  may  follow.  The  r6le  of  the  gonococcus  as  an 
excitant  of  catarrhal  inflammation  is  well  established. 

The  Uterus. 

Congenital  Half  onnations. 

The  uterus,  tubes,  and  vagina  may  be  entirely  absent,  with  or  without  absence  of 
the  external  genitals.  Or  the  uterus  alone,  or  the  upp>er  part  of  the  vagina  also,  may 
be  absent. 

>  See  Rcuehkea,  Cbl.  f.  Path..  Path..  Bd.  xiv.,  1903,  p.  657. 

*  Consult  Stokes,  Johns  Hopkins  Hosp.  Rep.,  vol.  vii.,  p.  109,  1899,  bibl.;  also  CuUen,  Johns  Hop- 
kins Hosp.  Bull.,  vol.  xvi.,  p.  207,  1905. 
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The  uterus  may  be  only  rudimentary  while  the  vagina  is  normal.  It  then  appe«« 
as  a  flattened  solid  body  with  solid  comua.  Or  there  are  two  cornua  joined  at  their 
lower  extremities  so  as  to  form  a  small  double  uterus  (Fig.  536).  Or  the  uterus  a 
represented  by  a  small  sac,  which  may  or  may  not  communicate  with  the  vsgiuB.  Or 
there  is  a  very  small  uterus,  with  tbio  rouscular  walls  and  two  large  comua. 

Only  one  of  the  cornua  which  should  form  the  uterus  may  be  developed  while  the 
other  is  arrested  in  its  growth.  The  uterus  is  then  a  long,  cylindrical  body,  tctmi- 
nating  above  in  one  tube.  On  the  side  where  the  horn  should  have  been  developed 
there  is  no  tube,  or  only  a  rudiment.     Both  ovaries  are  usually  present. 

The  two  cornua  may  be  fully  developed,  but  their  lower  ends  remain  separated 
and  Form  a  double  uterus.     An  entire  separation  into  two  distinct  uteri  and  vagine  a 


Fia.  536.— Utbkdb  BicoRNia. 

rare.  More  frequently  the  uterus  consists  of  one  body,  divided  by  a  septum  into  two 
cavities.  There  are  then  two  cervical  portions  of  the  uterus  projecting  int^  a  slogle 
vagina,  or  each  into  a  separate  vagina.  Or  there  is  only  a  single  cervix.  The  septum 
in  the  uterus  may  be  complete  or  only  partial. 

The  uterus  may  be  abnormal  in  size  or  be  variously  flexed;  the  cerrix  may  b* 
solid  or  may  be  clo.sed  by  the  vaginal  mucous  membrane.  Or  the  cervix  may  have  an 
abnormal  form  with  a  small  opening  or  canal. 


In  the  new-born  infant  the  uterus  is  small,  the  body  flattened,  the  cervix  diipro- 
portionately  large.     During  childhood  the  organ  increases  in  size,  but  the  body 
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renuuna  small  in  proportion  to  the  cervix.  At  puberty  the  shape  changes  and  the 
body  becomes  larger. 

At  every  menatiuation  the  uterus  is  somewhat  swollen  and  congested.  After 
pregnancy  it  does  not  return  to  its  virgin  size,  but  remains  somewhat  larger.  In  old 
age  it  gradually  becomes  smaller;  its  walls  are  harder  and  more  fibrous. 

Abnormal  Shallnbss  of  the  uterus  is  sometimes  found  as  an  arrest  of  develop- 
ment. It  may  result,  however,  from  chronic  endometritis,  from  repeated  pregnancies, 
from  old  age,  or  from  chronic  exhausting  diseases.  Its  cavity  may  be  smaller  than 
normal,  or  distended  with  mucus.  Large  myomata  sometimes  induce  atrophy  of  the 
uterine  wall.  Atrophy  of  the  vaginal  portion  of  the  uterus  is  sometimes  observed 
after  repeated  pregnancies.  Narrowing  and  obliteration  of  the  cavity  of  the  uterus 
and  of  the  cervix  are  usually  produced  by  chronic  inflammation. 

Enlargement  of  the  Uterus  may  be  due  to  too  early  development.  It  ie 
accompanied  by  abnormally  early  development  of  all  the  sexual  organs  and  functions. 
The  uterus  may  be  enlarged  in  connection  with  heart  disease,  prolapse  and  abnormal 
flexions  and  versions,  chronic  inflammations,  repeated  pregnancies,  myomata,  and 
accumulations  of  blood  or  mucus  in  the  uterine  cavity.  Enlargement  of  the  vaginal 
portion  alone  may  occur.  One  or  both  lips  of  the  cervix  may  be  uniformly  increased 
in  siie,  or  they  may  be  lobulated. 

Dilatation  of  the  uterus  is  produced  by  accumulations  of  blood,  mucus,  or  pus  in 
eonsequence  of  narrowing  or  obliteration  of  the  cervix  or  vagina.    The  uterine  walls 


may  retain  their  normal  thickness,  be  thickened  or  thinned.  The  most  irequent  posi- 
tion of  the  stenosis  is  the  os  internum.  The  retained  contents  after  a  time  change  in 
chvacter,  forming  a  thin,  serous  fluid — kydrometra — or  they  may  be  mixed  with  blood 
The  dilated  uterus  may  be  of  enormous  size.  If  both  oa  internum  and  os  externum 
are  closed  the  cervical  cavity  may  be  also  dilated  and  the  uterus  have  an  hour-glass 
shape  (Fig.  537) ;  or  the  dilatation  may  be  limited  to  the  cervix.  If  the  obstruction  is 
not  complete,  the  retained  fluid  may  escape  Into  the  vagina  and  be  followed  by  a  fresh 
accumulation.  If  the  obstruction  be  in  the  vagina,  the  uterus  and  vagina  may  form 
•  large,  flash-shaped  body,  and  the  line  of  demarcation  between  cervix  and  vagina 
be  lost. 
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Accumulation  of  menstru&l  blood  in  the  cavity  of  the  uterus — hamalonutra — is 
usually  due  to  congenital  atcnoais  of  the  cerviz  or  vtigino,  and  may  be  very  great.  If 
the  fluid  is  not  evacuated  by  surgical  interference  there  may  be  either  rupture  or  ulcer- 
ative perforation  of  the  uterus.  The  blood  may  escape  into  the  abdominal  cavity,  or 
be  shut  in  by  adhesions,  or  perforate  into  the  bladder  or  intestines.  Sometimes  the 
blood  passes  into  the  Fallopian  tubes,  dilates  them,  and  escapee  through  th«r  abdomi- 
nal ends. 

Cbanges  in  Position. 

The  body  of  the  uterus  may  become  fixed  in  an  abnormal  position,  while  the  situa- 
tion of  the  cervix  is  unchanged. 

Flexion. — The  body  may  be  bent  forward — anteflexicm;  backvard — rdroJUritm 
(Fig.  538);  or  sideways — lateral  fies^ion.  The  fiexion  may  tie  sUght,  or  so  great  that 
the  neck  and  body  form  an  acute  angle.    Anteflexion  is  the  most  common  variety. 


FiS     fi3B. —  RBTKOfLBXIOH    OF  TBI    UlBBCa. 

Small  cysts  may  be  seeu  in  Ibe  mucous  membnue  of  tlie  body. 

and  that  in  which  the  flexion  is  greatest.  Peritoneal  adhesions,  flaccidity  of  the 
uterine  walls,  particularly  after  delivery,  atrophy  of  the  watts,  ovarian  and  other 
tumors,  etc.,  are  the  usual  causes  of  flexion. 

Version  of  the  uterus  consists  in  an  abnormal  inclination  of  the  long  axis  of  the 
organ  to  that  of  the  vagina.     The  uterus  may  be  inclined  backward,  forwatd,  or  to 
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Rttrovertion  is  the  most  common.     The  fundus  uteri  is  directed  backward  and 
downward,   the  cervix  forward  and  upward.     This  coodition  is  found  in   variouB 
degrees:  in  the  highest  the  fundus  iies  in  Douglas'  cul-de-sao  with  the  cervix  upward,  so 
that  the  axis  of  the  uterus  is  parallel  to  that  of  the  vagina,  but  in  a  direction  nearly 
opposite  to  the  normal.     Abnormal  looseness  of  the  uterine  ligaments,  abnormally 
large  capaeity  of  the  pelvis,  enlarge- 
ment or  tumors  of  the  uterus,  and 
pregnancy     during    the    first     four 
months,  are  some  of  the  more  com- 
mon   conditions    under    which     this 

Antevertion. — Inclination  of  the 
fundus  forward  and  downward,  and 
of  the  cervix  backward  and  upward, 
is  not  common  and  seldom  reaches  a 
high  degree.  It  occurs  under  the 
same  genera]  external  conditions  as 
antcfiexion. 

LaUrovertion  is  not  very  common 
as  a  simple  lesion,  but  is  not  infre- 
quently combined  with  other  displace- 
mentiB.  It  may  be  produced  by  con- 
genital shortening  of  one  of  the  broad 
ligaments,  by  adhesions,  or  by  the 
pressure  of  tumors. 

The  greater  d^reea  of  version 
may  produce  very  grave  lesions.  The 
urethra  and  rectum  may  be  com- 
pressed. Cystitis,  perforation  of  the 
bladder,  dilatation  of  the  ureters  and 
hydronephrosis,  and  fatal  obstruction 
of  the  bowels  may  follow.  If  preg- 
nancy exist  abortion  may  take  place, 
or  the  inverted  uterus  may  be  forced 
through  the  peritoneum  and  posterior 
wall  of  the  vagina  and  project  through 
the     vulva.     In     the    non-pregnant 

ut«rus  pressure  on  the  veins  and  con-  

sequent  chronic  inflammation  of  the 

organ  may  follow.  P       --.      _ 

Prolapsus  uteri  consists  of  a  de-    The  cei        .    ,  ._      .     _ 

scent  of  the  uterus  into  the  vagina.  '"""  "'""»"™»  ■>»"»  the  « 

The  uterus  may  be  only  slightly 
lowered  or  it  may  project  at  the  vulva  (Fig,  539),  In  complete  prolapse  we  find  a 
tumor  projecting  through  the  vulva,  partly  covered  by  the  distended  vagina,  and 
presenting  the  opening  of  the  os  externum  near  its  centre.  The  bladder  and  rectum 
may  be  drawn  down  with  the  vagina  or  may  remain  in  place.  The  exposed  cervix 
and  vagina  usually  become  inflamed  and  sometimes  ulcerated,  or  the  mucous  mem- 
brane may  become  thickened.  The  lesion  is  frequently  complicated  by  hypertrophy 
of  the  cervix. 

Gradual  prolapse,  which  is  most  frequent,  may  he  due  to  an  increased  weight  of  the 
uterus,  as  in  pregnancy,  inflammatory  enlargement,  the  presence  of  tumors,  etc. :  or  to 
some  abnormal  condition  of  the  uterine  supports.  It  is  frequently  due  to  a  vaginal 
cystocele  or  rectocele.  Sudden  prolapse  is  most  apt  to  occur  in  an  enlarged  uterus  or 
one  unduly  heavy  by  reason  of  tumors  connected  with  it.  It  ia  most  common  in 
subinvolution  after  parturition. 

Elevation  of  the  uterus  is  produced  by  mechanical  causes  crowding  or  dragging 
it  upward,  as  adhesions,  tumors,  etc.     The  vagina  is  drawn  up  and  lengthened,  and 
the  vaginal  portion  of  the  cervix  may  be  obliterated, 
51 
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Inversion  of  the  uterus  consists  of  an  invagination  of  the  fundus.  The  fundus 
may  be  invaginated  in  the  body,  the  fundus  and  body  in  the  cervix,  or  the  entire 
organ  in  the  vagina.  It  usually  occurs  when  the  uterine  walls  are  relaxed,  and  may 
be  due  to  traction  on  the  placenta  during  parturition.  It  may  take  place  spontane- 
.  ously  after  parturition.  It  may  be  produced  by  intra^uterine  tumors.  The  mucous 
membrane  of  the  inverted  organ  is  frequently  inflamed,  particularly  when  the  inver- 
sion is  complete.     The  epitheUum  may  become  squamous  and  lamellated  in  type. 

HERNiiE  of  the  uterus  are  rare.  Ventral  hernia  may  occiu*  during  the  latter  months 
of  pregnancy,  the  peritoneum,  aponeurosis,  and  skin  being  forced  outward  to  form  a 
sac  in  which  the  uterus  lies.  Crural  hernia  are  produced  by  the  drawing  down  of  the 
uterus  and  ovaries  into  the  sac  of  an  intestinal  hernia.  Inguinal  hernia  may  be  pro- 
duced in  the  same  way  or  be  congenital.  Ischiatic  hernia  has  been  seen.  Pregnancy 
may  occiu*  in  the  uterus  while  it  is  within  a  crural  or  inguinal  hernia. 

RUPTURE  AND  PERFORATION. 

Rupture  of  the  unimpregnated  uterus  is  rare.  It  may,  however, 
occur  when  the  uterine  cavity  is  distended  with  blood  or  serum,  or  in 
connection  with  large  myomata  of  the  uterine  walls. 

In  the  gravid  uterus  ruptures  have  been  seen  in  nearly  every  month 
of  pregnancy,  but  most  frequently  toward  the  end.  The  rupture  may  be 
due  to  a  thinning  of  the  uterine  wall  by  tumors  or  by  violent  contusions, 
or  as  the  result  of  cicatricial  contraction  of  the  os. 

It  most  frequently  takes  place  in  parturition.  Malpositions  of  the 
foetus,  narrowing  of  the  pelvis,  protracted  labor,  thinning  of  the  uterine 
wall  from  tumors,  forcible  use  of  the  forceps  and  other  instruments,  are 
the  ordinary  causes.  The  rupture  may  be  in  the  body  of  the  uterus  or 
the  cervix,  or  both;  it  may  be  large  or  small;  it  may  extend  completely 
or  only  partly  through  the  uterine  wall.  The  consequences  of  partial 
rupture  are  haemorrhage,  gangrenous  inflammation  of  the  edges  of  the 
rupture,  peritonitis,  and  usually  death.  In  rare  cases  the  rupture  cica- 
trizes and  the  patient  recovers.  Complete  rupture  usually  leads  to  death 
in  a  short  time.  The  foetus  may  escape  partly  or  completely  into  the 
abdominal  cavity.  If  the  patient  survive  the  immediate  shock,  fatal 
peritonitis  usually  soon  ensues.  In  rare  cases  the  foetus  is  shut  in  by 
adhesions  and  the  patient  survives. 

Perforations  of  the  uterus  may  be  produced  by  carcinoma,  by  abscesses 
in  its  neighborhood,  and  by  ovarian  cysts. 

HYPERSMIA— UTERINE  AND  PERI-UTERINE  HiEMORRHAGE. 

Hyperaemia. — Aside  from  the  active  menstrual  hypersemia,  the  uterus 
may  be  hyperaemic  in  acute  and  chronic  inflammation,  as  a  result  of 
displacement  jof  the  organ,  and  in  certain  forms  of  heart  disease.  The 
organ  is  usually  enlarged,  the  mucous  membrane  swollen,  and  the 
veins  are  more  or  less  evidently  dilated.  (Edema  may  be  associated 
with  hyperaemia. 

Haemorrhage. — Effusion  of  blood  into  the  cavity  of  the  uterus  occurs 
normally  at  the  menstrual  periods.  For  the  abnormalities  to  which  this 
function  is  subject  we  refer  to  works  on  gynecology.  Effusions  of  blood 
at  other  than  the  menstrual  periods  may  be  associated  with  mechanical 
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hyperaemia,  haemorrhoids,  acute  hyperaemia,  intrauterine  polypi  and 
other  tumors,  acute  and  chronic  inflammation,  typhus  fever,  scurvy,  etc., 
ulcerating  carcinoma,  abortions,  and  miscarriage. 

A  peculiar  form  of  haemorrhage  results  in  the  so-called  polypoid  hoema- 
tomaj  or  fibrinous  polyp.  It  occurs  after  parturition  and  after  abortions. 
The  portions  of  the  uterine  wall  where  the  placenta  was  attached,  with  or 
without  a  portion  of  retained  placenta,  forms  the  point  of  attachment  of 
the  pedicle  of  the  thrombus.  A  bloody  mass  is  firmly  attached  by  a 
pedicle  to  the  uterine  wall;  the  uterus  enlarges  with  its  formation,  the 
cervix  is  dilated,  and  the  thrombus  may  project  into  and  fill  the  vagina. 
The  formation  of  such  a  thrombus  is  accompanied  by  repeated  haemor- 
rhages. 

Haemorrhage  in  the  substance  of  the  uterus  occurs  in  arterio-sclerosis. 
The  mucous  membrane  and  uterine  wall  or  the  cervix  are  infiltrated  with 
blood,  and  there  may  be  blood  in  the  uterine  cavity. 

Peri-uterine  or  Retro-uterine  Hsematocele  consists  in  an  accumulation 
of  blood  around  the  uterus  or  in  Douglas'  cul-de-sac.  The  haemorrhagic 
mass  may  become  encapsulated  with  fibrous  tissue,  or  may  soften  or 
suppurate  and  perforate  into  rectum  or  vagina,  or  may  be  absorbed. 
A  form  of  extraperitoneal  haematocele  is  described  in  which  the  blood 
lies  between  the  folds  of  the  broad  ligament.  The  extravasation  may 
proceed  from  haemorrhage  of  any  of  the  abdominal  viscera  or  rupture  of 
aneurisms;  from  vascular  new-formed  false  membranes;  from  rupture  of 
the  varicose  veins  of  the  broad  ligaments;  from  rupture  of  haemorrhagic 
cysts  of  the  ovaries;  from  rupture  of  the  Fallopian  tubes  in  tubal  preg- 
nancy or  in  haematometra;  or  from  general  causes,  such  as  scurvy, 
purpura,  etc.  In  some  cases  the  extravasation  begins  at  a  menstrual 
period,  and  increases  at  the  succeeding  periods. 

Ante-uterine  Haematocele  is  of  occasional  occurrence,  either  in  con- 
nection with  the  retro-uterine  form  or  when  the  posterior  cul-de-sac  is 
obliterated. 

ATROPHY,  DEGENERATION,  ETC. 

Atrophy  of  the  uterus  occurs  as  a  physiological  process  in  old  age. 
It  may  be  associated  with  severe  general  or  infectious  diseases  or  follow 
removal  of  the  ovaries.  It  may  follow  pregnancy  apparently  as  an 
excessive  involution  process. 

Fatty  Degeneration. — This  may  occur  in  connection  with  inflam- 
matory changes,  in  acute  infectious  diseases,  and  in  phosphorus  poisoning. 

Amyloid  Degeneration  in  the  uterus  is  of  rare  occurrence.  It  may 
affect  the  muscle  fibres  or  the  walls  of  the  blood-vessels. 

Phagedenic  or  Corroding  Ulcer. — This  rare  and  little  understood  form 
of  ulceration  usually  occurs  in  old  age.  It  begins  in  the  cervix  and 
gradually  extends  until  it  may  destroy  the  greater  part  of  the  uterus  or 
even  invade  the  bladder  and  rectum.  The  ulcer  is  of  irregular  form; 
its  base  is  rough  and  blackish,  its  walls  are  indurated.  It  should  not  be 
confounded  with  carcinomatous  ulcer,  which  it  considerably  resembles. 


OROAMS   OF   THE    FEMALE 

HTFLAMUATIOIT,     (Metritis  and  Endometritis.) 

I.  Inflammation  of  the  Unimpreqnated  Uterds. 

Acute  Catftirlial  Endometritis. — In  this  disease,  which  in  its  lighter 
grades  may  leave  but  little  alteration  after  death,  the  mucous  membrane 
is  swollen,  hypenemic,  and  sometimes  the  seat  of  punctate  hsemorrhages. 
The  epithelium  may  be  degenerated  and  may  desquamate,  and  the 
mucosa  contain  an  undue  quantity  of  polynuclear  leucocytes.  The  sur- 
face is  more  or  less  thickly  covered  with  muco-purulent  exudate.  In 
severe  cases  shreds  of  mucous  membrane  may  be  exfoliated.  The  lesion 
is  usually  most  marked  in  the  mucous  membrane  of  the  body,  but  may 
involve  the  cervix  at  the  same  time,  or  the  cervix  alone.  The  body  of 
the  uterus  may  be  soft,  swollen  and  hyperfemic. 

In  endomelrilis  exfoliativa  (membranous  dysmenorrhcea)  there  may 
be  an  expulsion,  with  more  or  less  blood,  of  membranous  masses  consisting 
of  fibrin  mingled  with  blood  and  pus  cells,  or  consisting  of  exfoliated 
superficial  layers  of  endometrium.  The  exfoliated  epithelium  is  fre- 
quently much  flattened  so  as  to  resemble  the  vaginal  epithelium.' 
The  decidual  reaction  in  interstitial  tissue  is  occasionally  very  consider- 
able, so  that  pregnancy  may  be  suspected;  but  the  cells  never  reach  the 
size  of  those  seen  in  pregnancy. 

Acute  catarrhal  inflammation  of  the  uterus  may  be  due  to  injur)', 
exposure  during  menstruation,  gonorrhoea!  infection,  local  infection  with 
other  bacteria,'  or  it  may  ac- 
company   the    general  acute 
infectious  diseases. 

Chronic  EndonLetilHs.— 
This  may  be  a  continuation 
of  an  acute  inflammation  or 
begin  as  a  chronic  process. 
There  may  be  a  general  atro- 
phy of  all  the  elements  or,  on 
the  other  hand,  the  mucous 
membrane  may  be  swollen, 
hyperiemic,  and  covered  wilh 
muco-purulentexudation.  In 
other  cases  there  is  more  or 
Di.*H  '^^^  well-marked  thickening 
of    the     mucous    membrane. 

The  stroma  of  the  ""™  •»  inereaaed  in  amouDt  and  ia       which    may    present  a  SffiOOth 

or  a  rough  papillary  surface  of 
polypoid  outgrowths. 

The  thickened  mucous  membrane  shows  on  microscopical  examina- 
tion a  diffuse  hyperplasia  of  the  uterine  glands.     These  may  be  fairly 


}.  ze,  lS9e.  bibl.;  aba  n 


Fio.  540, — Chronic  Endouitritib.  b 


THE    REPRODUCTIVE    ORQANB    OF   THE    FEMALE  805 

norniftl  and  regular  in  type;  or  the  epithelial  cells  may  be  much  increased 
and  irregularly  massed  within  the  tubulea;  the  hyperplastic  glands  are 
often  contorted,  forming  irregular  spirals.  The  iaterglandular  stroma  of 
the  mucosa  may  be  little  changed  or  much  thickened;  it  may  be  dense  or 
very  loose  in  texture  and  formed  largely  of  small  fusiform  and  plasma 
cells.  It  is  often  extremely  vascular  and  may  be  the  seat  of  interstitial 
haemorrhage.  If  there  be  considerable  growth  of  new  gland  structure  the 
condition  is  called  "  glandular  hyperplasia"  of  the  mucous  membrane. 
It  is  difficult  from  the  microscopical  examination  of  curetted  fragments  to 
decide  whether  the  lesion  is  a  hyperplasia  or  chronic  inflammation  or 


Fio.  841. — Chronic 

Showini  Ktaoflul^  hyp«rp1aau  of  the  muoous  membruie.     The  itrama  of  the  mucwu  v  incitAAed 
ID  unount  and  is  loose  in  texture.     The  glands  an  conlorted. 

merely  a  phase  of  the  cyclic  menstrual  alterations  which  occur  in  the  endo- 
metrium. The  glandular  and  interstitial  changes  shown  in  Figs.  540  and 
541  are  equally  representative  of  chronic  endometritis  and  the  resting 
and  premenstrual  stages  of  the  endometrium,  respectively. 

Sometimes  a  thick  layer  of  new-formed,  very  vascular  tissue  develops 
over  the  surface  of  the  mucous  membrane,  largely  covering  in  the  uterine 
glands  (Fig.  542).  From  the  decomposition  of  extravasated  blood  in 
the  mucous  membrane  the  latter  may  be  mottled  with  brown  or  black. 
The  glandular  elements  of  the  mucosa  may  be  partially  or  almost  entirely 
destroyed.  Occasionally  the  glands  are  dilated,  forming  numerous  small 
cysts  which  may  project  from  the  surface.  The  papillfe  of  the  cervix 
may  be  hypertrophied,  the  mucous  follicles  swollen  and  their  outlets 
obstructed,  leading  to  the  formation  of  the  so-called  ovula  Nabothi.  The 
uterine  wall  becomes  flaccid  and  atrophied,  or  it  may  be  hyperplastic 
especially  in  the  cervical  portion.  Ulceration  of  the  mucous  membrane, 
especially  of  the  cervix,  may  occur.  There  may  be  contraction  or  obliter- 
ation of  the  cervical  canal. 

Fibrous  hyperplasia  of  the  cervix  with  ectasia  of  the  Nabothian 
glands  and  thickening  and  erosion  or  ulceration  of  the  mucous  membrane 
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is  a  frequent  condition  at  the  climacteric  period  (Fig.  543).  Under  these 
conditions  both  the  clinical  manifestations  and  the  general  appe&rance 
of  the  cervix  on  inspection  often  suggest  the  existence  of  cancer. 

Chronic  endometritis  may  occur  at  any  age,  but  is  most  frequent 
after  puberty,  and  is  due  to  a  great  variety  of  conditions.  It  may  occur 
in  ill-nourished  persons  or  in  those  suffering  from  exhausting  diseases. 


Pio.  542. — Chbonic  Ehdohitbitu  with  thi  Fobmition  or  a  Thick  Latkm  of  Niw-toimiv.  •"• 
Vabculab  Tium  ovaa  rai  Stjurxcm  or  thb  Mdcodb  UBMBaAHs. 
a,    Uterine  muscle  tissue;  b,  muooua  membnne  of  ulcma;  e,  nair-fonnad  rucular  tissua. 

It  may  follow  displacements  and  tumors  of  the  uterus,  subinvolution, 
injuries,  etc. 

Uembranous  Endometritis. — This  form  of  inflammation  is  not  very 
common.  It  occasionally  occurs  in  the  puerperal  uterus,  and  in  acute 
infectious  diseases.  It  sometimes  involves  the  vulva,  vagina,  and  Fallo- 
pian tubes.  It  may  coexist  with  membranous  inflammation  of  the 
colon. 

Tuberculous  Endometritis. — This  is  rare  and  usually  occurs  as  part  of 
tuberculous  inflammation  of  the  genito-urinary  tract.  A  part  or  the 
whole  of  the  cavity  of  the  uterus  may  be  lined  with  a  rough,  yellowish 
or  gray,  caseous  mass,  which  may  deeply  involve  the  muscular  walls  of 
the  organ.  At  the  edges  of  the  ulcerating  caseous  areas  there  may  be 
miliary  tubercles,  or  these  may  be  scattered  through  the  otherwise 
intact  mucosa.' 

1  For  bibl.  sae  CuUm,  Johns  Hopkins  Hosp.  Rep.,  vol.  Iv.,  p.  441,  1S9S. 
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Syphilitic  Endometritis. — This  is  usually  confined  to  the  cervical  por- 
tion, and  is  characterized  by  shallow  or  deep  ulcerations  and  condylomata 
of  the  mucous  membrane;  or  there  may  be  a  diffuse  thickening  of  the 
mucosa. 

Acute  Metritis  is  usually  associated  with  acute  catarrhal  endometritis. 
The  organ  is  swollen,  succulent,  congested;  the  mucous  membrane  cov- 


Fio.  643,— FiBBoue  and  Glanddlaa  Htpbrfluia  of  thb  Csavix  Utkhi, 
The  ficure  ihom  oda  aide  o[  the  cervix  in  loDtitudinal  uctjon.  The  fibraiu  tinue  o[  the  cerrix 
is  veiy  denae  ud  tbe  hsU>  of  the  blaod-vneeii  are  thiokeaed.  There  ia  byperpiasia  of  the  gluds  of 
the  MTvical  canal  vitb  emion  of  the  Eurfsce  epithelium.  The  Nabothian  ghwda  ore  distended  with 
clear,  (laiiy  fluid  {ovuU  Niibathil.  There  is  erosion  of  the  epithelium  at  the  as  externum,  and  this, 
with  tlie  coniestioD  of  the  small  superficisl  vcshIs  here,  (are  a  rough  red  appearance  to  tbe  oe.  suosstive 
of  a  malicnont  growth. 

ered  with  muco-pus;  the  peritoneal  coat  congested.  There  may  be  small 
extravasations  of  blood  in  the  wall  or  cavity  of  the  uterus.  The  inflam- 
mation, in  rare  cases,  becomes  suppurative,  and  abscesses  are  formed  in 
the  uterine  wall;  these  may  perforate  into  the  peritoneal  cavity  or  into 
the  rectum. 
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Perimetritis. — The  peritoneal  coat  of  the  uterus  may  be  inflamed,  with 
the  production  of  membranous  adhesions  or  of  pus.  The  adhesions  may 
be  small  or  very  extensive,  and,  owing  to  their  contractions,  may  cause 
various  distortions  and  displacements  of  the  pelvic  organs.  The  inflam- 
mation is  usually  an  accompaniment  of  chronic  metritis  and  endometritis. 
In  prostitutes  such  adhesions  are  of  very  common  occurrence. 

Parametritis. — The  connective  tissue  about  the  uterus,  between  that 
organ  and  the  reflexions  of  the  peritoneum,  may  be  the  seat  of  suppura- 
tive inflammation.  It  most  frequently  ends  in  death,  but  may  result  in 
the  formation  of  dense  connective  tissue  about  the  uterus. 

Chronic  Metritis  may  follow  acute  metritis  or  accompany  acute  or 
chronic  endometritis,  and  is  dependent  upon  similar  conditions:  subin- 
volution, displacements,  tumors,  active  irritants,  etc.  The  uterus  is 
enlarged,  the  wall  congested,  thickened,  and  soft,  or,  owing  to  the  new 
formation  of  connective  tissue,  hard  and  dense.  The  lesion  is  usually 
accompanied  by  chronic  peri-  and  parametritis;  in  fact,  a  separation  of 
the  three  conditions  is  somewhat  artificial. 

II.  Inflammation  of  the  Pregnant  Uterus. 

The  forms  of  inflammation  which  have  just  been  described  may  also 
occur  in  the  pregnant  uterus.  Catarrhal  endometritis  may  lead  to  effusion 
of  serum,  extravasations  of  blood,  and  abortions.  Metritis  may  lead  to 
softening  of  the  uterine  wall,  so  that  rupture  takes  place  during  labor. 
Perimetritis  and  parametritis  produce  adhesions  and  abscesses  about  the 
uterus. 

Infectious  Inflammation  (Puerperal  Fever). — For  a  week  or  more  after 
delivery  the  inner  surface  of  the  still  dilated  uterus  is  rough,  especially 
at  the  insertion  of  the  placenta,  and  covered  with  dark  shreds  of  blood, 
mucous  membrane,  and  placenta.  This  condition  should  not,  as  is  some- 
times the  case,  be  mistaken  for  inflammation  or  gangrene. 

As  a  result  of  injury  to  the  uterus  or  vagina  during  or  after  delivery, 
and  the  action  of  bacteria  which  may  gain  access  to  the  tissues  in  this 
vulnerable  state,  the  puerperal  uterus  is  liable  to  become  the  seat  of  a 
series  of  severe  and  often  destructive  inflammatory  and  necrotic  changes. 
These  may  be  confined  to  the  uterus;  they  may  induce  serious  alterations 
in  surrounding  parts;  they  may  lead  to  an  involvement  of  the  peritoneum 
or  to  septicaemia  or  pyaemia  and  its  accompanying  lesions  in  the  most 
distant  parts  of  the  body.  In  some  cases  a  more  or  less  extensive  gan- 
grenous inflammation  of  the  mucous  membrane  and  the  underlying  parts 
may  lead  to  the  casting-off"  of  larger  and  smaller  shreds  of  necrotic  tissue 
and  the  formation  of  deep  and  spreading  ulcers,  which  may  be  accom- 
panied by  severe  parametritis  and  fatal  peritonitis.  In  other  cases  the 
inflammation  is  membranous,  and  may  aff'ect  the  vagina,  leading  to 
necrosis,  gangrene,  ulceration,  or  peritonitis. 

In  connection  with  either  of  the  above  forms  of  inflammation,  or 
without  them,  there  may  be  thrombosis  of  the  uterine  sinuses,  purulent 
inflammation  of  the  veins,  suppuration  and  abscess  in  the  uterine  wall, 
suppurative  inflammation  of  the  ovaries  and  tubes,  and,  owing  to  the 
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generalization  of  the  infectious  material,  metastatic  abscesses  in  the  lungs, 
spleen,  kidneys,  etc.  Or  acute  pleurisy,  ulcerative  endocarditis,  ery- 
sipelas, purulent  inflammation  of  the  joints,  hyperplastic  swelling  of  the 
spleen  and  lymph-nodea,  thrombosis  or  thrombo-phlebitis  of  the  saphen- 
ous veins,  etc.,  may  follow.  In  some  cases  which  rapidly  pass  to  a  fatal 
termination  the  local  lesions  may  be  but  slightly  marked,  and  general 
alterations  characteristic  of  pyemia,  such  as  metastatic  abscesses,  etc.,  be 


Flo.  M4.— Ute 


entirely  wanting.     Death  is  in  such  cases  apparently  due  to  toxiemia  or 
septicfemia. 

Bacteria  are  usually  present  in  the  exudate,  in  the  lymph-vessels, 
veins,  and  inflamed  tissue  of  the  uterus  (see  Fig.  544);  often  in  enormous 
quantities  in  the  peritoneal  exudation  and  in  the  metastatic  inflammatory 
foci.  Streptococcus  pyogenes,  the  gonococcus,  B.  aerogenes  capsulatus, 
and  the  colon  bacillus  are  the  most  frequent  excitants  of  the  lesion.' 

TDMOKS. 

Fibromata. — Dense  nodular  fibromata  of  the  uterus  are  rare,  the 
so-called  fibromata  being  in  most  cases  myomata  or  tibro-myomata. 
Fibroma  papiUare,  on  the  other  haiid,  is  a  common  form  of  growth  from 
the  mucous  membrane.  It  consists  of  a  more  or  less  vascular  connective- 
tissue  stroma  covered  with  epithelium.  The  surface  may  be  smooth  or 
villous.  It  may  contain  very  numerous  gland  follicles,  and  then  ap- 
proaches the  type  of  adenoma,  or  even  carcinoma.     The  stroma  may  be 

■■On  Puerperal  Infeition."  Am.  Jour,  of  Obslelria,    vol.  ilui.,  1001. 
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loose  and  succulent,  and  resemble  mucous  tissue,  forming  the  30-called 
mvcou3  polypi.  In  any  of  these  forms  the  blood-vessels  may  be  abundant 
and  dilated,  forming  telangiectatic  or  cavernous  polypi.  The  adenoma- 
tous polypi  may  become  cystic  from  the  dilatation  of  the  gland  foUiclea. 
Polypi  of  the  uterus  may  be  multiple  or  single,  small  or  large.  Numer- 
OUB  smaller  and  larger  papillary  outgrowths  from  the  mucous  membrane 
may  occur  in  chronic  endometritis.     Single  polypi  may  grow  from  the 

mucosa  of  the  body  of  the  utenu 

or  from  the  cervix,  and  hang  by 

a    long   pedicle  down  into  the 

vaginn 
T 

lar  SI 

chroi 

and 
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Myomata.  — T 
whose   characteri; 
elements    are     s 
ceUs    (Fig.   232), 
common  of  uterii 
while  frequently 
tical  importance 
of   serious   import.      They   are 
especially  common   in  negroes. 
They  are  most  frequently  composed  of  both  muscular  and  fibrous  tissue 
— fibromyomata — but  the  relative  amount  of  the  two  kinds  of  tissue  is 
subject  to  great  variation.     They  are  most  apt  to  occur  after  puberty, 
and  usually  in  advanced  life.     They  may  be  single  or  multiple,  email  or  of 
enormous  size;  are  usually  sharply  circumscribed,  whitish  or  pink,  dense 
and  hard,  or  sometimes  soft,  and  present  on  section  interlacing  bands 
or  irregular  masses  of  glistening  tissue.     Their  favorite  situation  is  in 
connection  with  the  body  of  the  uterus,  but  they  may  occur  in  the  cervix 
or  in  the  folds  of  the  broad  ligaments.     According  to  their  position  we 
may  distinguish  subserous,  submucous,  and  intraparietal  forma. 

The  subserous  myomata,  often  multiple,  grow  from  the  outer  muscular 
layers  of  the  uterus  in  the  form  of  little  nodules.  As  they  increase  in 
size  they  may  become  separated  from  the  uterine  wall  and  remab 
attached  only  by  a  narrow  pedicle  or  by  a  little  connective  tissue;  or  may 
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even  be  entirely  free.  They  may  work  their  way  between  the  folds  of 
the  broad  ligament  until  they  are  at  some  distance  from  their  point  of 
origin.  The  tumors  may  become  very  large,  but  remain  firmly  attached 
to  the  uterus;  this  organ  may  then  be  drawn  upward,  the  cervix  and 
vagina  being  elongated  and  narrowed.  The  traction  may  be  so  great  that 
the  body  of  the  uterus  is  entirely  separated  from  the  cervix.  The  bladder 
may  also  be  drawn  upward.  But  subserous  myomata  of  considerable 
size  may  interfere  but  slightly  with  the  function  of  the  uterus  (see 
Fig.  546). 


Fia.    Me.— ElTBAHDBAL  MiOHATA. 

Shows  the  iminvolved  interior  □[  the  utsrue  conUinioc  s  well-formed  tataa. 

The  svbmucous  myomata  grow  from  the  inner  muscular  layers  of  the 
uterine  wall,  most  frequently  in  the  fundus.  They  may  project  into 
the  uterine  cavity  and  remain  sessile  or  become  pediculated;  the  uterus 
dilates  with  the  growth  of  the  tumor,  and  its  wall  may  also  be  thickened. 

They  are  usually  single,  although  there  may  be  at  the  same  time 
subserous  and  intraparietal  tumors.  They  are  frequently  soft.  If 
they  are  of  large  size  and  polypoid  in  form,  they  may  project  through 
the  eer\'ix  and  drag  down  the  fundus  of  the  uterus,  producing  inversion. 
The  mucous  membrane  covering  them  may  be  atrophied  or  hyperiemic, 
with  dilated  blood-vessels,  and  may  thus  give  rise  to  severe  and  repeated 
hemorrhages.  In  some  cases  the  pedicle  of  a  tumor  is  destroyed  and  it 
is  spontaneously  expelled. 
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The  intTamural  myomata  grow  In  the  substance  of  the  uterine  wall, 
but,  if  they  attain  a  large  size,  project  beneath  the  serous  or  the  mucous 
coat  (Fig.  547).  They  are  found  in  every  part  of  the  uterus,  but  are 
most  frequent  in  the  posterior  wall. 

The  shape  of  the  uterus  is  altered  in  a  great  variety  of  ways  by  the 
presence  of  these  tumors;  its  cavity  is  narrowed,  dilated,  or  misshapeD; 
it  undergoes  flexion  or  version.  The  tumors  may  sink  downward  and 
become  attached  to  the  posterior  wall  of  the  vagina. 

Myomata  may  undergo  a  variety  of  secondary  alterations.  The  mua- 
cle  fibres  may  undergo  fatty  degeneration  and  the  tumor  diminish  in  size, 


or  may  even,  it  is  said,  be  entirely  destroyed.  Calcification  may  occur, 
converting  a  part  or  the  whole  of  the  tumor  into  a  stony  mass.  The 
intra-parietal  and  submucous  myomata  may  give  rise  to  profuse  h^emo^ 
rhages;  they  may  suppurate  and  become  gangrenous. 

Sometimes  the  tumors  or  circumscribed  portions  of  them  are  very 
vascular,  constituting  the  telangiectatic  or  cavernous  variety.  These 
tumors,  which  possess  some  of  the  characters  of  erectile  tissue,  may  sud- 
denly change  in  size  from  a  variation  in  the  amount  of  blood  which  they 
contain.  Larger  and  smaller  cysts  may  develop  within  these  tumors 
— fibro-cystic  tumors.  These  may  be  multiple  and  may  communicate; 
they  may  be  filled  with  a  clear  or  bloody  fluid.  These  cystic  myomati 
may  reach  an  immense  size  and  fill  the  abdominal  cavity.     The  cysts 
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may  be  lined  with  ciliated  epithelium.'  Combinations  of  myoma  and 
sarcoma  sometimes  occur — myosarcoma.  These  tumors  are  sometimes 
called  malignant  myomata.  Such  tumors  may  form  metastases.*  Lipo- 
myoma  has  been  described.' 

Myomata  of  the  cervix  are  rare.  They  may  grow  as  polypi  beneath 
the  mucous  coat,  or  produce  enlargement  of  the  anterior  or  posterior 
lips,  or  may  grow  outward  into  the  abdominal  cavity. 

Myomata  of  the  uterus,  either  subserous,  intraparietal,  or  submucous, 
containing  glandular  structures  of  the  type  of  those  in  the  uterine  mucosa, 
are  of  occasional  occurrence  (Fig.  548).     These  glandular  or  adenoma- 
tous   myomata    are    sometimes 
directly     connected     with    the 
uterine  mucous  membrane,  but 
are  often  so  distant  and  so  en- 
tirely  separated   from   it   as  to 
justify  the  conjecture  that  they 
are  derived  from  some  embryonal 
abnormality  associated  with  the 
development     of    the    Wolffian 
body.*      Similar    tumors    have 
been  described  in  the  round  liga- 
ment.' 

Sarcomata  may  occur  as  pri- 
mary    tumors   in    the    mucous      p,g  548— ADrNOH*T 
membrane  of  the  uterus,  either  or  t 

in  the  form  of  a  diffuse  infiltra- 
tion or  as  a  circumscribed  nodular  or  polypoid  mass.  They  frequently 
involve  the  muscular  wall,  are  liable  to  haemorrhage  and  gangrene,  and, 
particularly  in  the  diffuse  form,  are  liable  to  recur  after  removal.  They 
may  consist  largely  of  spindle  or  spheroidal  cells,  or  both.  It  is  said  that 
sarcoma  of  the  uterus  is  more  liable  to  occur  at  an  advanced  age  than  at 
an  early  period,  as  is  the  rule  with  sarcomata  of  other  organs.  Giant- 
celled  sarcomata  have  been  described. 

A  few  cases  have  been  described  in  which,  situated  usually  in  the 
upper  cervical  region,  there  were  lobed  or  "grapelike"  tumors,  fibro- 
sarcomatous  in  character.  Some  of  these  contained  striated  muscle 
fibres.     These  tumors  are  malignant.' 

Angioma. — Cavernous  angiomata  of  the  wall  of  the  uterus  have  been 
described.  Endothelioma  is  of  rare  occurrence  in  the  cervix.'  Myoma, 
lipoma,  and  chondroma  are  recorded. 

•Consult  moDograpfa  by  Breua,  "ITebcr  wahn  Epitbel  fahrende  Cyitcnbildung  d.  Uteriu-myo- 
taaa."  Laipsic.  1864. 

'  For  referene™  to  the  oecurreaee  of  sarcomsloua  changa  in  myomata  see  CuUai.  Jour,  Am.  Med. 
Assn..  vol.  zlvi..  p.  095.  1006. 

•  See  JCfwi,  Johns  HopkioaHosp.  Bull.,  vol.  xii..  p.  318. 

•  CulUn.  Johns  Hopkins  Hospjlol  Reporta,  vol.  vi.,  p.  133,  1897.  bibl.;  also  Cullen.  moaoaraph  u 
•upplemeot  to  Orth's  "Feslschrift."  1903. 

•CullTTi.  Johns  Hopkins  Hosp.  Bull.,  vol.  ix..  p.  142,  IS9S,  bibl.:  also  Blumtr,   Am.  Jour    Ob- 

Fi,  Zie^ler's  Beitr.  Bd.  iiiviii.  p.  1"?   IflOo. 
vol.  ix..  p.  1B8   1S98  bibl. 
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Adenoma. — Between  a  simple  adenomatous  hyperplasia  of  the  mucous 
membrane  of  the  uterus,  on  the  one  hand  (see  Figs.  540  and  541),  and 
carcinoma  on  the  other,  there  is  no  absolutely  sharp  morphological  dis- 
tinction. But  there  is  a  considerable  group  of  growths,  to  which  the 
name  adenoma  is  properly  applied,  which  lie  on  the  border  zone  between 
the  distinctly  benign  and  the  definitely  malignant  new  epithelial-tissue 
growths. 

Many  epithelial  cell  growths  of  the  uterus,  while  adenomatous  in 
structure,  are  so  distinctly  malignant,  and  are  so  liable  to  develop  that 
structural  lawlessness  characteristic  of  carcinoma,  that  it  has  seemed  vise 
to  many  observers  to  avoid  the  name  adenoma  altogether  and  class  all 


the  epithelial  tumors  of  the  uterus  among  the  carcinomata.  Others, 
recognizing  the  benign  character  of  many  of  the  epithelial  tumors,  moke 
a  sharp  distinction  between  benign  and  malignant  adenomata. 

It  seems  to  the  writer  wise  to  preserve  here,  as  elsewhere  in  the  body, 
the  morphological  distinction  between  adenoma  and  carcinoma.  But 
in  doing  this  it  should  always  be  borne  in  mind  that  the  adenomata  of  the 
uterus,  as  those  of  the  gastro-intestinal  canal,  may  not  only  be  extremely 
malignant  as  adenomata,  but  that  the  more  benign  forms  are  extremely 
prone  to  develop,  both  in  structure  and  malignancy,  into  carcinomata. 
In  fact,  in  many  cases  we  can  express  the  peculiarities  of  structure  in  these 
tumors  only  by  calling  them  adeao -carcinoma. 

The  adenomata  of  the  uterus  may  begin  in  a  simple  hyperplasia  of  the 
mucous  membrane,  in  which  glandular  development  is  preponderant  (eee 
above) .  When  the  tumor  character  becomes  established  this  new  gland- 
ular growth  is  commonly  in  the  form  of  irregular,  often  dilated  follicular 
structures  with  a  well-marked  lumen  lined  with  cylindrical  or  cuboids! 
cells.  It  may  develop  in  irregular  papillary  masses  (Fig.  549),  the  more 
or  less  abundant  fibrous  stroma  being  covered  with  irregular  layers  of 


THE    REPHODUCTIVE    ORGANS    OF  THE    FEMALE  815 

epithelium  (Figs.  550  and  551).  The  new  growth  may  project  from  the 
inner  surface  of  the  uterus  in  the  form  of  ragged  lobular  masses  (Fig.  552), 
or  it  may  infiltrate  the  submucous  tissues  (Fig.  553).  Or  growth  in 
both  directions  may  occur  at  once. 


Flo.  560. — Adbnoua  o 
Shoving  a  smitll  portion  of  a  slanij 

The  topographical  features  and  clinical  stories  of  many  adenomata 
of  the  uterus  are  identical  with  those  of  the  infiltrating  and  ulcerating 
carcinomata. 

CarclDOma.' — The  carcinomata  of  the  uterus  commence  most  fre- 
quently in  the  cervix  and  portio  vaginalis,  and  the  most  common  form 
is  the  epithelioma.      The  growth  of  epithe- 
lioKiata  of  the  cervix  uteri  proceeds   under 
three  tolerably  distinct  forms,  which,  how- 
ever, frequently  merge  into  one  another. 

1.  The  flat,  ulcerating  epithelioma.  This 
form  of  cancer  commences  as  a  somewhat 
elevated,  flat  induration  of  the  superflcial 
layers  of  the  cervix,  sometimes  circumscribed, 
sometimes  diffuse.  This  induration  is  due  to 
the  growth  of  plugs  and  irregular  masses  of 
epithelial  cells  into  the  underlying  tissue  (Fig. 
554).  Ulceration  usually  commences  early 
and  may  proceed  slowly  or  rapidly.  The 
edges  of  the  ulcer  are  irregular,  indurated,  and        Fia.  ssi.— Adikom*  or  mm 


somtjwuai,    eitjvaveu.        j.iie    uiceiauwu  ui    lue  showing  .  smaU  portion  o(  the 

new-formed  cancerous  tissue  at  the  edges  is  epithelium  in  Fig.  sgo  mora  bwhiy 
usually  progressive,  so  that  the  vaginal  por-  J^^  the  de^« Ce^""  "" 
tion   of  the  cervix,   the   cervical   canal,   the 

vagina,  and  even  the  bladder  and  rectum  may  be  involved.  More  or 
less  extensive  hemorrhages  and  necrosis  of  the  base  of  the  ulcer  are 
liable  to  occur.     The  entire  cervix  may  be  destroyed. 

1  CooHilt  for  detaila  CuJlen.  "CBTcinomaol  the  Utenu,"  1900. 
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2.  In  another  class  of  cases  the  carcinomatous  growth  develops  under 
the  form  of  papillary  or  fungous  excrescences,  which  may  form  larger  or 
smaller  masses  composed  of  epitheliomatous  tissue.  Hand-in-hand  with 
this  projecting  growth  there  may  occur  an  epithelial  infiltration  of  the 
underlying  tissue  of  the  cervix.  These  growths  are  often  quite  vascular 
and  may  give  rise  to  severe  tuemorrhages.  They  may  ulcerate  and  thus 
produce  great  destruction  of  tissue. 

3.  In  still  another  class  of  cases  there  is  a  more  or  less  deep  infiltration 
of  the  submucous  tissue,  either  diffuse  or  in  circumscribed  nodules, 


I  appearamie  of  the  interior  of  the  ut«nu  w 


with  epithelial  cell  masses.  We  find  at  first,  in  the  vaginal  portion  of 
the  cervix,  in  the  submucous  connective  tissue,  either  nodules  or  a  gen- 
eral infiltration  of  a  whitish  new  growth.  The  cervix  then  appears  large 
and  hard.  Very  soon  the  mucous  membrane  over  the  new  growth  degen- 
erates and  falls  off;  the  superficial  layers  of  the  new  growth  undergo 
the  same  changes.  After  this  the  formation  of  the  new  growth  and  its 
ulceration  go  on  simultaneously,  producing  first  an  infiltration  and  then 
destruction  of  the  cervix  and  often  of  a  part  of  the  body  of  the  uterus. 
The  growth  frequently  extends  to  the  vagina,  the  bladder,  and  the  rectum 
with  the  same  destructive  character,  so  that  we  often  find  the  cervix  and 
upper  part  of  the  vagina  destroyed,  and  in  their  place  a  large  cavity  with 
ragged,  gangrenous,  cancerous  walls  (Fig.  555).  Less  frequently  the 
pelvic  bones  are  invaded  in  the  same  way.     Not  infrequently  the  ureteR 
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are  Burrounded  and  compressed  by  the  new  growth,  so  that  they  become 
dilated.  The  dilatation  may  extend  to  the  pelves  and  calyces  of  the 
kidneys.  The  new  growth  may  begin  in  the  cervix  and  extend  uniformJy 
over  the  internal  surface  of  the  cervix  and  of  the  body  of  the  uterus.  The 
entire  uterus  is  converted  into  a  large  sac,  of  which  the  walls  are  infil- 
trated with  the  new  growth,  while  the  internal  surface  is  ulcerating  and 
gangrenous.  In  some  cases  there  is  a  considerable  formation  of  new, 
dense  connective  tissue,  so  that  the  growth  has  a  scirrhous  form. 


Bhovfl  one  aide  of  the  cervix.  The  epitfaelium  over  the  portio  ve^inalie  ie  intact;  in  the  rigbt  upper 
recioD  in  the  Gfura  i*  >een  a  rsosed  erosion  of  the  epithelium  lining  the  cervical  canal,  nnd  the  eipoaure 
at  a  portion  of  llie  tumor  growth  upon  the  tree  surface. 

In  rare  cases  the  growth  begins  in  the  upper  part  of  the  cervix  or  in 
the  body  of  the  uterus,  while  the  lower  part  of  the  cervix  is  not  involved. 
In  all  of  these  cases  the  epithelial  cells  of  the  new  growth  follow  more 
or  less  closely  the  type  of  the  epithelial  cells  of  the  part  from  which  they 
spring.  But  it  has  been  observed  that  carcinoma  developing  from  the 
mucous  membrane  of  the  body  of  an  inverted  uterus,  or  rarely  without 
inversion,  may  be  of  the  squamous-celled  type. 

In  still  another  class  of  cases,  in  which  the  new  growth  may  be  in  the 
form  of  nodules,  or  diffuse  infiltrations,  or  polypoid  masses,  or  may  pre- 
sent more  or  less  extensive  alterations,  the  cells  are  irregular,  polyhedral 
in  shape,  the  tumor  belonging  to  the  class  of  glandular  or  medullary 
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carcinomata  (Fig.  556).  These  also  usually  commence  in  the  cervix, 
and,  according  to  the  views  of  many  writers,  probably  in  the  mucous 
glands. 

In  rare  cases  the  entire  wall  of  the  uterus  is  infiltrated  with  the  new 
growth  and  the  organ  is  much  enlarged.  Gelalinoit3  carcinoma  some- 
times occurs,  but  is  rare. 

While  we  may  for  convenience  recognize  the  above  types  of  carcinoma 
of  the  uterus,  it  should  be  borne  in  mind,  as  above  stated,  that  they  are 


often  not  distinct,  and  may  merge  into  one  another  or  exist  simultane- 
ously. Exudative  inflammation  is  of  frequent  occurrence  in  these  as  in 
other  tumors  of  the  uterus. 

As  a  result  of  the  ulceration  of  these  various  forms  of  carcinoma,  recto- 
vaginal fistula;  may  be  formed;  the  lumbar  lymph-nodes  may  be  involved 
and  metastases  in  distant  organs  are  occasionally,  though  not  often, 
formed.  Frequent  and  profuse  hsemorrhages,  gangrenous  destruction  of 
tissue,  the  absorption  of  deleterious  materials,  etc,  are  apt  to  lead  to  the 
development  of  a  more  or  less  profound  anwmia  and  cachexia. 
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ChorionepltlieUoma  of  Pregnancy.'     (Declduoma  Mallgnum.) 

Malignant  tumors  derived  from  chorionic  villi  or  from  some  abnormal 
form  of  theae,  as  hydatid  moles  (see  p.  824),  and  composed  of  cells  more 
or  less  closely  reBembiing  the  various  types  of  chorionic  epithelium,  are 
known  as  chorionepitkeiiomata  of  pregnancy.* 

Characters  of  the  Chorionic  Vil^. — In  order  to  understand  the  struc- 
ture and  biological  characters  of  these  tumors,  one  must  bear  in  mind  the 


nature  of  the  normal  chorionic  villi.  These  consist  of  a  vascular  con- 
nective-tissue framework  which  is  covered  with  two  layers  of  epithelial 
cells.  Tfap  inner  layer  is  formed  in  general  of  a  single  layer  of  sharply 
defined,  polyhedral,  transparent  cells  with  oval  nuclei.  These  cella  con- 
tain glycogen.  They  are  called  Langhans'  cells.  The  outer  layer  is 
composed  of  a  mass  of  cells  whose  outlines  are  in  general  indistinct,  ffitb 
many  nuclei  of  various  shapes,  the  whole  resembling  masses  of  giant  cells. 
This  outer  layer  of  cells  is  called  the  syncytium,  and  from  it  small  pro- 
toplasmic,  bud-like  processes — syncytial  buds — project.     In  the  later 

^Tbia  specific  desianation  ia  necessaiy  because  tumor*  of  aiiuilar  ] 
differently  derived  occur  in  uau-precDsat  individuals,  in  the  testicle,  am 
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periods  of  pregnancy  the  cell  layers  are  as  a  rule  less  distinct  than  at  an 
earlier  time.  The  cells  covering  the  chorionic  villi  penetrate  the  maternal 
decidua,  mingling  with  its  cells,  and  may  pass  into  the  structures  of  the 
uterine  wall.  Certain  of  the  covering  cells  of  the  chorionic  villi  have 
remarkable  powers  of  penetrating  the  maternal  tissues,  their  invasion 
being  apparently  secured  through  lytic  action.  These  are  called  chori- 
onic wandering  cells.  They  may  erode  blood-vessels,  causing  haemor- 
rhage and  thrombosis,  and  may  enter  the  maternal  circulation  and  be 
carried  as  emboli  into  the  viscera — liver,  lungs,  etc' 

It  is  cells  of  these  three  types — Langhans'  cells,  the  syncytium,  and 
the  chorionic  wandering  cells — invading  the  tissues  of  the  uterus,  from 


Fia.  SAS.— Luuji  Cbllb  raou  Chorion snTaiLioui  or  ihb  Uterub. 
Vsginal  cunttiiiis. 

which  they  directly  derive  their  nourishment,  without  the  development 
of  a  special  stroma,  as  is  the  case  of  most  tumors,  that  give  character  and 
malignancy  to  chorionepitheliomata  when  they  have  become  freed  from 
the  restraints  of  normal  growth. 

In  typical  cases  the  chorionepitheliomata  of  pregnancy  (Fig.  567)  are 
formed:  first,  of  large  polynuclear  cells  or  cell  masses — syncytial  masses 
— appearing  in  irregular  multinuclear  strands  or  branching  protoplasmic 
structures;  and,  second,  of  more  transparent,  sharply  circumscribed, 
polyhedral  cells  with  single  oval  nuclei,  with  glycogen-containing  proto- 
plasm. They  often  contain  free  blood  and  fibrin,  and  the  stroma  is 
largely  made  up  of  the  tissue  which  they  invade. 

In  many  instances  these  tumors  are  less  typical  in  structure,  depart- 
ing more  from  the  character  of  the  chorionepithelium.  The  delicately 
outlined  transparent  cells  may  be  absent;  the  syncytial  masses  may 
fail;  the  whole  growth  being  made  up  of  irregularly  shaped  cells  of 

■  a«  for  a  study  of  embolism  of  chorionic  «lb  Schmmi.  Veita.  dsutsch.  path.  Gea..  1904,  Bd.  Till., 
p.  30:  Also  ibid..  Centrbl.  t.  GynlkoL.  Bd.  xxix,,  1905.  p.  120.  See  &l)o  Veil,  Zeit,  f.  Gsbuitshilfe  u. 
GynAkoL,  Bd.  ilii.,  p.  210 
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various  sizes  with  nuclei  varying  in  size,  but  often  very  large  (Fig.  558). 
The  cells  are  sometimes  multinuclear. 

Chorionepitheliomata  were  at  first  regarded  as  sarcomata,  but  are 
now  known  to  be  derived  from  cells  of  the  chorionic  villi.  In  many 
cases  they  bear  an  intimate  relationship  to  hydatid  moles. 

The  development  of  these  tumors  often  follows  the  discharge  of  an 
hydatid  mole.  In  the  malignant  types  there  may  be  invasion  of  the  wall 
of  the  uterus  and  the  pelvis  with  repeated  h^amorrhages  and  cachexia. 
Vaginal  metastases  are  common  and  develop  early,  and  there  may  be 
general  metastasis  with  secondary  tumors,  most  often  in  the  lungs  and 
liver.  They  may  develop  as  a  sequel  to  ectopic  gestation,  but  this  is 
rare:    they  may  follow  retained  placenta.^ 

CHORIONEPITHELIOMA  WITH  TERATOMA. 

Several  cases  are  recorded  in  which  females  whose  age  or  condition 
precluded  the  possibility  of  pregnancy  have  developed  tumors  having 
the  characters  of  the  chorionepitheliomata.  These  it  is  believed  are 
all  instances  in  which  teratomata  furnished  the  embryonal  ectodermal 
tissues  in  which  the  tumors  originated.  Similarly  the  so-called  chorion- 
epitheliomata of  the  testicle  (Fig.  601),  of  which  several  cases  have  been 
described,  are  derived  from  teratomata. 

PARASITES  AND  CYSTS. 

Echinococcus  has  been  found  in  the  body  and  neck  of  the  uterus,  and 
may  rupture  into  the  peritoneal  cavity  or  into  the  vagina. 

Cysts. — Aside  from  the  cysts  which  develop  in  tumors  of  the  uterus, 
the  mucous  follicles  in  the  cervix  are  frequently  so  dilated  as  to  form 
cysts  filled  with  a  gelatinous  material  and  more  or  less  epithelium. 
These  cysts  may  be  large  or  small,  and  are  frequently  called  ovtda  Nabothi 
(Fig.  543).  Sometimes  there  is  an  inflammatory  growth  of  new  connec- 
tive tissue  about  these  cysts.  In  other  cases  the  cysts  may  project 
from  the  mucous  membrane  in  the  form  of  polypi.  Similar  changes 
are  infrequently  found  in  the  body  of  the  uterus  from  the  dilatation  of 
occluded  uterine  glands.  Dermoid  cysts  are  rarely  found  in  the  walls 
of  the  uterus. 

Lesions  of  the  Placenta.' 

Aside  from  the  variations  from  the  normal  in  size,  shape,  and  posi- 
tion, for  a  description  of  which  we  refer  to  the  works  on  obstetrics,  we 

^  For  a  study  of  clinical  and  microscopical  variations  of  these  tumors,  with  suggestions  for  diaCDOM 
Bee  Frank,  N.  Y.  Med.  Jour.,  vol.  Ixxxiii.,  p.  793,  1906.  For  experimental  studies  o^  ^  ^^ 
the  sensitizing  of  the  uterine  mucous  membranes  in  animals  by  the  corpus  luteum  secretioD  ^^^ 
subuequent  production  through  traumatic  stimuli  of  new  tissue  growths  in  the  8ubmueo6S'"<>'f'^ 
uoma,"  see  Loeb,  Jour.  Am.  Med.  Assn.,  1.,  1897.  1908;  Ibid,  lil.,  1471,  1909,  and  Arch,  f .  Bntwia- 
lungsmech  d.  Organen,  xxvii.,  No.  1,  1909;  also  for  bibl.  of  secretion  of  corpus  luteum  witbexp.stQ°y 
see  Frank,  Arch.  Int.  Med.,  vi.,  314, 1910.  . 

'  For  a  study  of  the  placenta,  normal  and  pathological,  see  Eden,  Journal  of  Path,  and  Bset.,  yol 
iii.,  p.  449,  1896,  and  vol.  iv.,  p.  265,  1897,  bibl 
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may  briefly  mention  here  some  of  the  more  important  structural  changes 
which  the  placenta  may  undergo. 

DEGENERATION. 

Fatty  and  amyloid  degeneration  and  calcification  of  the  placental 
tissue  are  of  not  infrequent  occurrence. 

HEMORRHAGE. 

This  may  occur  either  on  the  maternal  surface  in  the  decidua,  or 
between  the  fcBtal  surface  and  the  membranes,  or  in  the  substance  of  the 
placenta.  The  latter  form  of  haemorrhage  constitutes  the  true  placental 
apoplexy.  This  may  occur  as  the  result  of  rupture  of  a  placental  sinus. 
The  placental  tissue  is  crowded  apart,  and  a  blood-clot,  often  infiltrating 
the  parenchyma,  is  formed.  This  may  lead  to  abortion,  or  the  blood 
may  undergo  disintegration  and  absorption  and  its  place  be  occupied  by 
a  cicatrix.  The  placental  tissue  in  its  vicinity  may  undergo  fatty  degen- 
eration. Under  other  conditions,  without  evidence  of  rupture  of  the 
vessels,  the  placental  tissue  may  become  infiltrated  with  blood  in  the 
form  of  an  infarction.  In  this,  degenerative  changes  similar  to  the  above 
may  occur,  leading  to  fibrous  induration  of  the  placenta. 

The  so-called  "  infarctions "  of  the  placenta  vary  in  size,  appearance, 
structure,  and  origin.  They  are  most  frequently  due,  according  to 
Williams,  to  an  endarteritis  of  the  vessels  of  the  chorionic  villi.  They 
appear  to  be  of  little  significance  when  of  moderate  size.^ 

INFLAMMATION.     (Placentitis.) 

Suppurative  Inflammation  of  the  placenta,  with  the  formation  of 
abscesses,  is  of  rare  occurrence  as  the  result  of  injury. 

Chronic  Indurative  Inflammation  of  the  placenta  may  result  in  the 
formation  of  circumscribed  masses  of  cellular  and  loose,  or  dense  and 
cicatricial,  connective  tissue,  or  in  a  diffuse  formation  of  connective  tissue 
which  may  interfere  with  the  nutrition  of  the  fcBtus  and  cause  abortion. 
The  new-formed  connective  tissue  may  undergo  fatty  degeneration  or 
calcification. 

In  another  class  of  cases  the  new  connective  tissue  is  formed  mainly 
in  the  walls  of  the  vessels,  particularly  the  arteries.  This  may  occur  in 
circumscribed  portions  of  the  vessels,  leading  to  nodular  growths  around 
the  arteries,  or  it  may  occur  extensively  along  the  various  ramifications 
of  the  vessels,  converting  them  into  thick  fibrous  cords.  The  change  is 
primarily  in  the  adventitia,  but  all  the  coats  of  the  vessel  may  become 
involved,  leading  to  more  or  less  complete  obliteration  of  the  lumen. 

Various  proliferative  and  indurative  changes  in  the  placenta  may 
occur  as  the  result  of  syphilitic  inflammation. 

Tuberculous  Inflammation  of  the  placenta  may  occur  in  connection 
with  other  tuberculous  processes  in  the  mother. 

1  For  a  study  of  placental  infarcts  see  WiUiamt,  **  Welch  Anniversary  Contr.  to  the  Science  of 
Medicine/'  1900,  p.  431,  bibl. 
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TUMORS. 
Holes. — Under  various  conditions  interfering  with  its  nutrition  the 
fcetus  may  die  and  be  cast  off.     The  placenta  and  membranes  may 
then  dry,  forming  a  fibrous  or  fleshy  or  bloody  mass — fibrous  mole; 
fieshy  mole;  bloody  mole.     Ttiese  are  not  genuine  tumors. 


Flo.  ASS. — Fraoubnt  or  Dbcidca  in  CcBSTTiKas  ruou  T 


[owiNO  PoHTioH   or  Retaihid  Fua: 
Gluiodlab  Hipibplasu. 


Placental  Polyps. — Not  infrequently,  especially  after  abortions,  por- 
tions of  the  placenta  (Fig.  559)  remain  attached  in  the  uterus  and  inaj' 
undergo  various  phases  of  hyperplasia  forming  polypoid  outgron'tlis 
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or  diffuse  thickening  of  the  mucous  membrane,  resembling  some  of  the 
forms  of  moles  in  character.     This  condition  is  often  associated  with 


and  sl«btly  fibrous  tissue  covered  with  ft 


glandular  endometritis,  and  curettings  of  the  uterus  may  then  show 
both  placental  structures  and  glandular  hyperplasia  of  the  mucous 
membrane  {see  Fig.  560). 
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Sometimes,  however,  the  placenta,  or  some  part  of  it,  is  transformed 
into  an  irregular  mass  of  rounded  pink  or  colorless  transparent  or  trans- 
lucent bodies,  from  two  to  ten  millimetres  in  diameter — hydatid  rnoUi 
(Figs.  561  and  562).  These  bodies,  attached  to  the  elongated  chorionic 
villi,  consist  of  loose,  vascular  connective  tissue  resembling  mucous 
tissue  and  are  covered  with  chorionic  epithelium.  The  cause  of  this 
transformation  of  the  placenta  is  imknown.  It  may  be  cast  off  with 
the  foetus  or  there  may  be  no  trace  of  the  embryo.  But  the  hydatid  mole 
may  remain  after  the  foetus  is  discharged,  and  through  the  growth  of  the 
chorionic  epithelium  may  give  rise  to  chorionepithelioma*  (see  p.  821), 
or  to  chorionepithelial  emboli  in  various  parts  of  the  body,'  with  meta- 
static growths  having  the  characters  of  hydatid  moles.' 

Cysts  of  the  placenta  are  of  occasional  occurrence;  their  origin  is  m 
most  cases  obscure.* 

The  Ovaries. 
Malfonnations. 

One  or  both  ovaries  may  be  absent,  the  other  organs  of  generation  being  also  absent 
or  undeveloped;  or  they  may  be  only  partially  developed.  Absence  or  arrest  of 
development  of  one  ovary  occasionally  occurs  in  otherwise  well-formed  individuals, 
and  is  sometimes  accompanied  by  a  low  position  of  the  kidney  on  the  same  side.  The 
ovaries  may  pass  into  the  inguinal  canal  or  into  the  labia  majora,  and  remain 
fixed  there  through  life.  Less  frequently  they  are  found  in  the  crural  canal  or  the 
foramen  ovale. 

Changes  in  Size  and  Position. 

The  ovaries  may  become  larger  than  normal  by  chronic  inflammation,  by  the 
formation  of  cysts  and  tumors.  They  may  become  atrophied  in  old  age,  the  Graafian 
follicles  disappearing  and  the  organ  shrivelling  into  a  small,  irregular,  fibrous  body. 
Atrophy  may  be  produced  by  ascites,  by  chronic  inflammation,  or  from  unknown 
causes.  As  the  result  of  the  maturing  and  rupture  of  the  Graafian  follicles,  with  and 
without  pregnancy,  the  surface  of  the  ovary,  which  before  puberty  is  smooth,  may 
become  roughened  by  irregular  cicatricial  depressions. 

In  adult  life  the  ovaries  may  pass  as  hernia  into  the  inguinal  or  crural  canal,  the 
foramen  ovale,  or  the  umbilicus.  Their  position  in  the  abdomen  may  be  changed  by 
the  pressure  of  tumors,  the  traction  of  false  membranes,  etc.  This  may  occur  m 
enlarged  ovaries  or  in  those  of  normal  size,  and  by  the  compression  of  the  veins  may 
lead  to  congestion  and  chronic  inflammation  of  the  organs. 

HYPEIUEMIA  AND  HEMORRHAGE. 

Aside  from  the  normal  hyperaemia  of  the  ovaries  during  various  sexual 
functions,  the  vessels  may  be  congested  in  inflammation,  in  displacements 
with  interference  with  the  venous  circulation,  in  certain  diseases  of  the 
heart,  etc.,  and  this  may  then  be  followed  by  chronic  inflammation. 

>  See  Pick,  Bert.  klin.  Woch.,  1897,  pp.  1069  and  1097. 

«See  Schmorl,  Verb.  d.  deut.  Naturf.  u.  Aerate,  Bd.  ii.,  1897.  part  2,  pp.  21  and  111;  abo  Qui., 
Verb.  d.  deut.  Path.  Ges.,  Bd.  viii.,  p.  39,  1904. 

*For  pathology  of  hydatid  mole  and  chorionepithelioma  see  Frank,  Amer.  Jour.  Obstet,  ISUt 
Ixiv.,  435. 

«  See  Biland,  Ziegler's  Beitr.,  Bd.  xl.,  p.  195,  1907,  bibl. 
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The  menstrual  periods  are  accompanied  by  the  efTusioo  of  blood  into 
a  Graafian  follicle.  Normally  the  amount  of  blood  is  small,  becomes 
solid,  is  decolorized,  and  then  gradually  absorbed.  Sometimes  the  efTu- 
sion  of  blood  is  much  greater;  the  follicle  filled  with  blood  is  as  large  as 
a  pigeon 's  egg.  The  blood  may  remain  in  the  follicle,  and  be  absorbed 
and  replaced  by  a  serous  fluid,  or  through  rupture  it  may  escape  into  the 
peritoneal  cavity.  Death  may  ensue  from  the  haemorrhage,  or  the  blood 
may  collect  in  Douglas'  cul-de-sac  and  become  encapsulated.  Haemor- 
rhages also  occur  in  follicles  which  have  become  cystic.  Interstitial 
haemorrhage  in  the  ovary  sometimes  occurs  without  known  cause. 

IIIFLABaUTIOH.     (OophoritiB.) 

Acute  Exudative  Inflammatloa  of  the  ovaries  occurs  most  frequently 
in  the  puerperal  condition,  either  as  part  of  a  general  peritonitis  or  as  a 
primary  affection. 

With  puerperal  peritonitis  both  ovaries  are  usually  inflamed;  they 
are  swollen,  congested,  soft,  infiltrated  with  serum  or  pus,  or  gangrenous. 
The!  lesion  may  involve  principally  the  capsule,  the  stroma,  or  the 
follicles.     Inflammation  of  the  capsule  results  in  adhesions  and  collections 


I,  Denie  cannective-linue  ■tmniii;  b.  dilated  veins;  c.  cyita;  d.  cyst  witb  ■rauulnr  GoDtsoU:  «.  cortical 
loae  oS  immature  Craafiiia  follicle*. 

of  pus,  shut  in  by  false  membranes;  of  the  stroma,  in  abscesses  and 
fibrous  induration;  of  the  follicles,  in  their  dilatation  with  purulent 
serum. 

If  the  inflammation  of  the  ovary  be  the  primary  lesion,  it  is  usually 
confined  to  one  organ.  The  stroma  of  the  ovary  is  infiltrated  with  serum 
and  pus,  and  may  contain  abscesses  of  large  size.  In  other  cases  the 
ovary  itself  is  but  little  changed,  but  is  surrounded  by  a  mass  of  fibrinous 
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and  purulent  exudation.  Such  independent  forms  of  ovarian  inflam- 
mation may  terminate  in  recovery;  or  the  abscesses  may  perforate  into 
the  rectum  and  vagina;  or  the  ovary  is  left  indurated  and  bound  down 
by  adhesions;  or  the  patient  may  die. 

Acute  exudative  inflammation  of  the  ovaries  unconnected  with  the 
puerperal  condition  is  not  common,  but  it  may  occur  in  connection  with 
acute  or  chronic  peritonitis  or  perimetritis,  with  various  infectious  dis- 
eases, pyaemia,  etc.     It  is  usually  confined  to  one  ovary. 

Chronic  Interstitial  Oophoritis  is  not  infrequently  preceded  by  so 
acute  inflammation,  or  it  may  gradually  develop  as  an  independent  con- 
dition, often  determined  by  some  mechanical  interference  with  the  blood 
current.  The  organ  may  be  increased  in  size,  owing  to  the  formation  of 
loose,  cellular,  or  of  dense,  firm,  new  connective  tissue.     Under  th«e 


t  cbronic  melritis  tod  eadometritia.    a.  Thickaicd 
uddeoH  iDlcntitial  tiasue;  b.  old  cocpora  lulea;  c,  ■rtcriea  with  greatly  thielieDedinU>;il.  dilated  nim. 

conditions  the  blood-vessels,  especially  the  veins,  may  be  widely  dilated, 
and  cysts  in  varying  number  and  size  may  be  present  (Fig.  563}.  Some- 
times the  new-formed  dense  connective  tissue  may  be  largely  limited  to 
the  surface  of  the  organ,  so  that  the  albuginea  may  become  dense  and 
thick.  Under  these  conditions  the  surface  of  the  ovary  may  be  smooth 
or  rough. 

On  the  other  hand,  the  organ  may  be  smaller  than  normal  as  the 
result  of  the  formation  of  dense  new  interstitial  connective  tissue,  and  its 
surface  greatly  roughened  and  distorted  (Fig.  564),  Sometimes  the  for- 
mation of  new  dense  tissue  may  be  largely  confined  to  the  walls  of  the 
arteries,  which  become  prominent  and  tortuous.  Obliterating  endarter- 
itis is  not  infrequent.  The  atrophied  ovary  may  be  largely  made  up  of 
thick-walled  arteries  and  of  fibrous  masses  which  are  the  result  of  incom- 
plete resolution  of  the  corpora  lutea. 

Occasionally  a  more  or  less  extensive  hyperplasia  of  cells  in  the  corpus 
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luteum  leads  to  the  development  of  larger  or  smaller  new-formed,  convo- 
luted, nodular  masses  in  the  ovary,  which  are  sometimes  regarded  as 
tumors.'  Sarcomata  of  the  ovary  appear  to  originate  in  such  a  hyper- 
plasia (see  Fig.  567). 

Tuberculous  Inflammatioii  of  the  ovaries  is  rare,  and  may  accompany 
tuberculous  indammation  of  other  organs,  particularly  the  peritoneum 
and  Fallopian  tubes.  It  usually  results  in  the  production  of  dense 
caseous  nodules  of  considerable  size. 

Syphilitic  Inflammatioii  in  the  form  of  gummata  is  uncommon. 

TUMORS. 

Fibroma  is  not  common  nor  usually  of  great  importance.  Such 
tumors  may  be  small  or  large.  They  are  usually  dense  in  texture,  and 
seem  often  to  originate  in  the  tissue  formed  in  the  closure  of  the  ruptured 
Graafian  follicle.  They  may  contain  cysts  or  be  accompanied  by  cysts  of 
the  surrounding  stroma.  Papillary  fibromata  of  the  surface  of  the  ovary 
are  not  infrequent  (Fig.  565).  They  may  contain  cysts  (Fig.  566),  and 
the  growth  may  be  transplanted  from  this  situation  to  the  general  perit- 
oneal surfaces.     Angioma  is  described. 


Fio.  5S5.— PAriLLoyA  or  the  Ovari, 

Chondroma  of  the  ovaries  is  described,  but  is  rare;  cartilage  not  infre- 
quently occurs,  however,  in  dermoid  cysta. 

Leiomyoma  containing  more  or  leas  fibrous  tissue  is  of  occasional 
occurrence. 

Sarcoma  of  the  ovaries  is  not  common.  It  is  usually  primary,  and 
may  apparently  develop  from  the  new-formed  cells  of  the  corpus  luteum 
(Fig.  567),  but  may  be  metastatic.  It  is  usually  of  the  spindle-celled 
variety,  but  may  contain  areas  of  spheroidal-celled  tissue  or  more  or  less 

>  For  ■  r/aum'  of  recent  aludia  on  the  nature  of  Uie  corpus  luteum  sad  iU  intemal  Hcration  w* 
Frank.  Arcb.  Int.  Med.,  vl..  3t4.  IBIO.  with  bibl. 
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fibrous  tissue.  The  tumors  may  be  hard  or  soft,  and  are  apt  to  involve 
both  ovaries.  Endotheliomata  may  be  found  in  the  ovaries  (Fig.  568), 
though  tumors  of  this  morphology  are  now  more  usually  classed  as 
carcinomata. 

Carcinoma,  usually  of  the  medullary  variety,  may  occur  as  a  primary 
tumor  of  the  ovary.  It  may  be  due  to  a  continuous  extension  from 
neighboring  organs,  or  more  rarely  it  is  of  metastatic  origin.  Although 
the  medullary  carcinomata  are  the  most  common,  scirrhous,  melanotic, 
and  gelatinous  forms  sometimes  occur. 


F[0.  506.— Pa  PI  I 


Adenoma  (Cystic  Adenoma;  Compound  Ovarian  Cyst). — These 
growths,  which  may  occur  in  one  or  both  ovaries,  form  one  of  the  most 
common  and  important  classes  of  ovarian  tumors.  They  probably 
originate  in  the  gland  epithelium  of  the  ovary  either  before  or  after  the 
formation  of  the  Graafian  follicles.  Some  of  their  most  noteworthy  and 
important  features  depend  upon  their  tendency  to  the  formation  of  cysts. 
It  should  be  remembered,  however,  that  the  primary  lesion  is  a  true  new 
formation  of  glandular  tissue,  and  not,  as  in  the  case  of  most  cj-sts,  a 
transformation,  by  retention  or  otherwise,  of  pre-existing  structures. 

The  growth  primarily  consists  of  a  fibrous  stroma  in  which  are  tubu- 
lar follicles  lined  with  cylindrical  epithelium — glandular  type.  Or,  in 
some  cases,  it  consists  of  papillary  outgrowths  from  a  fibrous  stroma, 
which  are  covered  with  cylindrical  epithelium — papillary  type. 
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Fio.  ses.— Endotubuoua  or 
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Glandvlar  Cystadenoma. — There  is,  as  above  stated,  a  marked  tend- 
ency, in  this  form  of  adenoma,  to  dilatation  of  the  follicles  by  a  semi- 
fluid material,  and  the  formation  of  cysts.  There  may  be  a  number  of 
follicles  equally  dilated,  so  aa  to  form  a  number  of  cysts  of  moderate  siie 
(Fig.  569) ;  or  a  few  follicles  are  greatly  dilated  to  form  a  large  mtdtUoeu- 
lar  cyst  with  but  few  compartments  (Fig.  570).  The  walls  of  the  cysts 
may  fuse  together  and  be  absorbed,  so  as  to  form  one  large  cyst  divided' 
by  incomplete  septa — unilocvlar  cysts.  The  stroma  in  which  the  follidea 
and  cysts  are  embedded  may  be  largely  developed  or  very  scanty. 

The  walls  of  the  larger  cysts  are  composed  of  fibrous  tissue  which  is 
dense  in  the  outer  layers,  more  cellular  in  the  inner,  upon  which  the 
epithelium  ie  placed.     They  may  be  thin  and  membranous,  or  there  is 


OVABIAH    CtBT ADUIO.CTSTD] 


upon  their  internal  surfaces  an  intracystic  growth  composed  of  a  fibrous 
stroma  and  tubular  follicles.  These  secondary  follicles  may  also  be  filled 
with  fluid  and  form  larger  and  smaller  cysts.  The  intracystic  growths 
may  be  so  large  as  to  fill  up  the  original  cysts.  Sometimes  the  intracys- 
tic growth  presents  very  little  dilatation  of  its  follicles,  so  that  the  entire 
tumor  has  more  the  character  of  a  solid  growth  than  of  a  cyst. 

The  cylindrical  epithelium  lining  the  cysts  usually  forms  a  single  layer 
(Fig.  571),  but  several  layers  often  irregular  in  thickness  may  form,  and 
owing  to  the  accumulation  of  fluid  the  cells  may  become  flattened  and 
atrophied,  or  they  may  be  fatty  or  desquamated.  The  contents  of  the 
cysts  differ  considerably  in  different  cases,  and  even  in  different  cysts  in 
the  same  case.  They  may  be  tough  and  ropy,  or  gelatinous  or  serous; 
transparent  and  colorless,  or  yellow  or  reddish,  or  reddish  brown;  or 
they  may  be  turbid  and  colorless,  or  variously  colored — red,  brown,  or 
chocolate. 
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Chemically  the  cyst  contents,  when  thick  and  ropy,  include  mucin  or 
paralbumin,  and  perhaps  other  less  well-known  compounds  belonging  to 
the  same  class.  It  is  probable  that  the  contents  of  these  cysts  are,  so  far 
as  the  mucin  and  paralbumin  are  concerned,  produced  by  a  metamor- 


Sbovins  larse  cyata.  with  a  glandular  quas  within  ono  of  the  cysbi- 

phosis  of  the  protoplasm  of  the  lining  cells,  similar  to  that  by  which  the 
mucin  is  produced  in  the  mucous  glands  and  in  mucous  membranes. 
The  cylindrical  cells  often  present  the  form  of  the  so-called  "beaker 
cells,"  and  in  some  cases  the  mucous  contents  of  the  cysts  are  seen  to  be 
continuous  with  the  similar  contents  of  the  beaker  cells.  It  is  probable 
53 
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that  much  of  the  fluid  contents  of  the  cysts  comes  from  simple  transu- 
dation. 

Microscopically  the  contents  of  these  cysts  present  also  considerable 


variation.  We  may  find  almost  no  structural  elements,  or  there  may  be 
red  blood  cells  in  variable  quantity,  and  leucocytes  in  various  ata|ea 
of  granular  or  fatty  degeneration  or  of  disintegration.     There  may  be 


Fio.  672. — CiBiAD 


cylindrical,  or  flattened,  or  polyhedral  cells,  either  well  preserved,  swol- 
len, or  in  a  state  of  fatty  degeneration,  or  fragments  of  these  cells.  I* 
is  these  various  forms  of  cells,  often  more  or  less  swollen  and  in  a  cod- 
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dition  of  more  or  less  well-marked  granular  and  fatty  degeneration,  which 
have  been  considered  characteristic  of  the  ovarian  cysts  and  are  some- 
times called  Drysdale's  corpuscles.  While,  however,  they  are  of  frequent 
occurrence  under  these  conditions,  they  are  by  no  means  pathognomonic, 
since  we  find  them  in  the  contents  of  various  kinds  of  cysts  and  cavities 
where  the  cells  are  undergoing  degeneration.  In  addition  to  the  above 
structural  elements  we  may  find  free  fat  droplets,  cholesterin  crystals, 
pigment  granules,  and  more  or  less  granular  detritus.  The  gelatinous 
material  filling  these  cysts  is  sometimes  called  colloid,  and  the  cysts  are 
frequently  called  colloid  cysts. 

Numerous  secondary  changes  are  liable  to  occur  in  these  cysts.     The 
cells  may  peel  off,  the  walls  of  the  cysts  atrophy  or  become  calcified. 


Fia.  ST3.— Udltiple  Papillart  Ctstb  or  the  Ouentuu.  Secohdabi  to  a  Sihilah  Groiti 
The  pftpilUrr  outgrowths    &n  themulv«  becommg    loftened  at    their  centres,  [onninf 


Suppurative  inflammation,  perforation  into  the  peritoneum,  bladder, 
vagina,  or  rectum;  hiemorrhage,  gangrene,  etc.,  may  occur.  As  a  result 
of  chronic  productive  processes,  the  cyst  walls  may  become  thickened 
and  extensive  adhesions  form.  Carcinoma  may  develop  from  these 
tumors. 

Papillary  Cystadenoma. — This  type  of  cystadenoma  was  formerly 
regarded  as  but  a  variety  of  the  form  above  described — a  variety  charac- 
terized by  papillary  outgrowths  in  cauliflower-iike  tufts  from  the  walls 
of  the  cysts,  which  often  in  large  degree  fill  the  cyst  spaces  (Fig.  572). 
There  appears,  however,  to  be  sufficient  evidence,  both  anatomical  and 
clinical,  to  justify  the  separation  of  the  papillary  from  the  glandular 
form  of  cystadenoma. 

The  papillary  cystadenomata  are  not,  as  a  rule,  as  large  as  the  gland- 
ular form.  The  cysts  are  fewer  and  they  do  not  contain  colloid  material. 
The  papillary  outgrowths  often  break  through  the  cyst  walls,  and  may 
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be  transplanted  to  the  peritoneal  or  other  surfaces  in  the  form  of  multiple 
cystic  or  papillary  tumors  (Fig.  573).  The  papillae  and  cyst  walla  may 
be  lined  by  cylindrical  and  often  by  ciliated  epithelium.' 

Follicular  Cysts  of  the  Ovary.^ — -The  GraaSan  follicles  may  be  dilated 
so  as  to  form  cysts.  This  may  occur  in  one  or  both  ovaries,  and  the  cysts 
may  be  small  or  large,  single  or  multiple  (Fig.  574).  They  are  usually 
found  after  middle  life,  but  may  occur  during  youth,  childhood,  oi 
even  in  the  fcetus.  The  follicles  dilate  from  the  accumulation  of  fluid 
within  them;  the  ovum  is  destroyed,  the  epithelium  Battened.  The  con- 
tents are  usually  serous  and  colorless,  but  may  be  viscid,  turbid,  purulent, 
or  variously  colored,  red,  yellow,  or  brown.     The  ovary  may  be  crowded 


with  numerous  cysts  of  moderate  size,  whose  adjacent  walls  may  coalesce 
and  atrophy,  forming  communications  between  them.' 

A  variety  of  this  type  of  cyst  is  formed  by  the  dilatation  of  a  corpus 
luteura  either  with  or  without  the  hyperplasia  of  the  wall. 

Dermoid  Cysts  (Teratomata). — These  cysts  may  be  uni-  or  multilocu- 
lar,  are  usually  of  moderate  size,  but  sometimes  become  as  large  as  a 
man's  head  or  larger.  Their  fibrous  walls  may  be  thick  or  thin,  and 
portions  of  the  internal  surface  may  present  more  or  less  completely 
developed  cuticular  structures,  such  as  corium,  papilla,  epidermis,  hain 
and  hair  follicles,  sebaceous  glands,  etc.  The  cavity  may  coatain  a 
thick,  whitish,  greasy  material  composed  of  flattened  epithelium,  fat,  or 
cholesterin  crystals.  Or  the  cavity  or  walls  may  contain  masses  of 
irregularly  formed  hair  (Fig.  575),  teeth,  bone,  cartilage,  striated  muscle, 
thyroid  gland,'  and  nerve  fibres  and  cells.'     Such  embryonal  growths, 

'or  refereora  to  bibtiocmpby  of  tlieea  oTarian  ayila  see  SiuhU,  Johna  Hopldu  Hop.  Ball. 

,  p.  10,  iseo. 

',  KafMrn.  Zi(«l«r'B  Beitr..  Bd.  xxvii.,  p.  1. 1900,  bibL  . 

•'or  a  rininti  witb  esse  of  thyroid  taaue  in  the  ovary  (stnima  ovarii}  see  I'miub.  Am.  Jour.  OMet. 

>.  3,  IBOe. 

^or  a  atudy  of  the  oripn  of  dermoid  cyaU  of  the  ovary  aee  Arntpargtr,  Vircboir'a  ArdL,  Bd 

I.  1.  I89».  bibl;  also  Atkanaiv   Bibliotheca  Medica,  Heft  19,  1905. 
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may  exist  for  many  years  without  causing  inconvenience;  but  inflamma- 
tory changes  mayoccur  in  them, 
leading  to  adhesions  and  per- 
forations into  adjacent  organs. 

They  may  form  the  nidus  for  , 

the  development  of  carcinoma, 
chorionepithelioma  (see  p.  820), 
and  other  tumors,  or  they  may 
calcify. 

In  addition  to  the  above- 
described  adenoid,  dermoid, 
and  simple  follicular  cysts, 
there  are  a  number  of  com- 
posite forms  of  not  infrequent 
occurrence.  Thus,  in  connec- 
tion with  dermoid  cysts  or 
separately,  there  may  be  simple 
ciliated  cysts  or  those  which 
partake  of  the  characters  of 
both  adenoid  and  dermoid 
cysts.  These  may  be  multi- 
locular  and  be  lined  with  flat- 
tened, cylindrical,  or  ciliated 
epithelium,  and  may  contain 
epidermal  cetta,   chotesterin  or  mucin,  etc. 

Small  cysts,  sometimes  pedicu- 
lated,  sometimes  not,  of  doubtful 
origin  and  usually  of  no  special  sig- 
niflcance,  are  frequently  found  grow- 
ing from  the  broad  ligament  near 
the  ovary.  The  walls  are  usually 
very  thin,  lined  with  flattened  epi- 
thelial cells,  and  the  contents  serous 
(Fig.  576). 

Teraiomaia  not  cystic  are  of  oc- 
casional occurrence  in  the  ovary.* 

Cysts  of  the  Parovarium,  lying 
between  the  peritoneal  layers  of  the 
broad  ligament,  are  usually  small, 
but  may  be  as  large  as  a  man 's  head. 
They  are  usually  lined  nith  ciliated 
epithelium,  but  sometimes  with  flat- 
tened non-ciliated  cells.  The  con- 
Fio.  B7fl.— SiiiLi.  pedicdlatid  Cut  Grow-  tents  may  be  serous,  or  may  be  thick 
IHO  raoM  THE  Broad  LiOAHmNT.  ,  -^ .  -in 

and  contam  mucm  and  paralbumin. 

L.  Aunt..  Bd.  xix.,  p.  367,  lS9fl:  for  ■  ■ummaly  of  views 
..  IMKI.  p.  337 
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The  Fallopian  Tubes. 

Halfonnations. 

Absence  of  both  tubes  occurs  with  absence  of  the  iit«rus.  One  tube  may  be  absent, 
with  arrested  davaiopment  of  the  correspondiog  side  of  the  Uterus.  Both  tubes  may 
be  imperfectly  developed;  either  of  their  enda  may  be  closed;  they  may  be  inserted 
into  the  uterus  at  an  abnormal  place;  they  may  terminate  in  two  or  three  abdominoJ 

Changes  in  Position  and  Size. 

The  Fallopian  tubes  may  participate  in  the  various  malpositions  of  the  uterus  aud 
ovaries;  but  they  are  most  frequently  displaced  by  the  contraction  of  adhesions 
formed  in  perimetritic  and  periovarial  inflammations. 

The  lumen  of  the  tube  may  be  partially  or  completely  closed  as  the  result  of 
inflammation  of  the  mucous  membrane;  of  peritonitis  about  the  fimbriated  extremity; 


of  tumors  or  inflammation  of  the  uterus;  or  by  pressure  from  without,  or  by  adhesions, 
tumors,  etc.     It  may  become  stopped  by  plugs  of  mucus  or  pus. 

Dilatation  of  the  tubes  may  be  produced  by  an  accumulation  of  catarrltal  or  other 
exudation,  when  there  is  partial  or  complete  stenosis  at  some  portion  of  the  tube. 
The  dilatation  may  be  moderate,  converting  the  tube  into  a  tortuous,  sacculated  canal 
containing  mucous  or  serous  Huid;  or,  more  rarely,  lar^e  cysts  may  form  containing 
several  pounds  of  serous  fluid — hydrosalpinx'  (Fig.  577).     As  the  fluid  collects  the 

U  blblioftrapby  a«  Cutlnt,  Jofans  Ropkiu  Hasp.  Rep.,  vol. 
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epithelium  may  become  Sattened  or  fatty  or  may  desquamate.  Inflammation  majr 
take  place  in  the  walls  of  the  dilated  tube  and  the  contents  may  be  mixed  with  pus  or 
blood.  Rupture  of  the  dilated  tube  sometimes  oocurs;  or  severe  and  even  fatal 
hemorrhage  may  take  place  into  its  cavity.  Papillary  growths  are  sometimes  found 
springing  from  the  ianer  wall  of  the  cyst. 

BLCHORRHAGE. 

Hiemorrliage  into  the  tube  may  occur  in  puerperaf  women  with  retro- 
version of  the  uterua,  with  abortions;  hfematometra  and  tubal  preg- 
nancy; in  acute  infectious  diseases.  The  blood  may  undergo  degenera- 
tive changes  and  be  largely  absorbed,  or  it  may  escape  into  the  peritoneal 
cavity  and  incite  peritonitis. 

DTFLAHMATIOH.     (Salpingitis.) 

Catarrhal  laflammation  of  the  mucous  membrane  of  the  Fallopian 
tubes  commonly  occurs  in  connection  with  endometritis,  frequently  in  the 
puerperal  condition.  In  the  acute  stage  the  mucous  membrane  is  hyper- 
temic  and  swollen,  and  covered  with  a  mucous  or  muco-purulent,  often 


bloody  exudate.  The  inflammation  may  subside,  leaving  no  lesions,  but 
it  more  frequently  becomes  chronic,  and  may  then  result  in  peritoneal 
adhesions,  thickening  of  the  walls,  obliteration  of  the  tubes,  dilatation, 
etc.;  or  the  mucous  membrane  may  undergo  hyperplasia  with  papillary 
outgrowth.  Such  papillary  masses  may  partially  coalesce,  forming,  on 
the  accumulation  of  fluid,  cyst-like  cavities  lined  with  epithelium. 
Hyperplasia  of  the  muscle  wall  of  the  tube  may  be  associated  with  these 
conditions.' 

>  Conault  Rim.  Jour.  Eip.  Med.,  vol.  ii.,  p.  347,  1887,  bibl. 
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Suppurative  Salpingitis. — Catarrhal  inSammation  of  the  mucous  mem- 
brane may  assume  a  suppurative  character,  sometimes  in  connection 
with  puerperal  metritis  and  peritonitis,  and  often  as  a  result  of  gonorrhceal 
infection.'  Under  these  conditions  the  wall  of  the  tube  may  be  involved 
and  pus  may  exude  from  the  abdominal  ends.  It  is  difficult,  in  many 
cases  of  suppurative  salpingitis  associated  with  peritonitis,  to  say  which 
is  the  primary  lesion. 

If  the  abdominal  end  of  the  tube  be  closed  by  adhesions  or  otherwise 
there  may  be  a  considerable  collection  of  pus  in  the  tubes,  causing  dila- 
tation— pyosalpinx  (Figs.  578  and  579).  Such  a  collection  may  rupture 
into  the  peritoneal  cavity,  or  the  pus  may  escape  into  a  cavity  shut  in  by 


adhesions,  or  may  perforate  into  the  intestine  or  bladder.  Or  it  may 
dry  and  finally  become  calcified. 

Suppurative  salpingitis  is  most  commonly  incited  by  the  gonococcus 
or  the  pyogenic  bacteria. 

Tuberculous  Salpingitis. — The  lesions  are  most  frequently  seen  in  the 
later  stages  of  the  process,  when  the  mucous  membrane  is  partially  or 
entirely  converted  into  a  thick,  caseous,  often  ulcerating  layer  (Tig.  580). 
The  lumen  of  the  tubes  may  be  dilated,  and  the  walls  thickened  from 
chronic  inflammation.  This  lesion  may  occur  by  itself,  or  may  be  asso- 
ciated with  tuberculous  inflammation  of  the  lungs,  or  of  the  other  genito- 
urinary organs,  or  of  the  peritoneum.  It  usually  commences  at  the 
abdominal  ends  of  the  tubes,  and  both  tubes  are  apt  to  be  involved. 

Syphilitic  Inflammatioii,  manifested  by  a  diffuse  fibrous  thickening  of 
the  wall,  has  been  described. 

'  Far  ft  ttudy  of  lODonfaaal  nlpinfitia.  see  Curd.  Jour.  Hed.  Res.  xxiii.,  151. 1910. 
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TUMORS. 

Small  fibromata  and  fibro-myomata  sometimes  occur  in  the  wall  of  the 
tubeB  or  in  the  fimbriae.  Small  llpomata  have  been  seen  between  the 
folds  of  the  broad  ligament  in  close  connection  with  the  tubes.  Pajdllo- 
mata  are  rare.     Hyzoma  is  recorded.     Sarcoma  is  rare. 

Carcinoma  of  the  tubes  is  usually,  if  not  always,  secondary  to  carci- 
noma of  the  uterus  or  the  ovaries. 

Cysts,  usually  of  small  size,  sometimes  pediculated  and  with  thin 


Fid.  SSO.— Tobehcolodh  S*lfinoitu. 

The  waU  of  a  portion  of  the  tube  ia  convarted  into  a  deaae  maoa  of  fibrous  and  necrotic  tiuua  which 

ia  disinl«cnitiD(. 

walls,  are  frequently  seen  in  the  peritoneal  covering  of  the  tubes  or  in 
the  fimbriiB.  They  are  believed  to  be  of  embryonal  origin.  Combina- 
tion cysts  of  the  tubes  and  ovaries  are  of  occasional  occurrence — retro- 
ovarian  cysts,' 

Dilatation  of  the  tubes,  as  above  described,  may  convert  them  into 
cyst-like  structures. 

Extra -uterine  Pregnancy. 

TcTBAL  Pkeqnanct. — The  impregnated  ovum,  in  some  way  hindered  from  paasiog 
into  the  uterus,  may  become  fixed  in  the  tube,  and  there  develop.  The  villi  of  the 
chorion  grow  into  the  mucous  membrane  of  the  tube,  forming  an  incomplete  placenta. 

■  See  OrMmann.  Virch.  Arch.,  Bd.  elv.,  p.  220,  ISSfi,  bibl. 


842  THE  REPRODUCTIVE  ORGANS  OF  THE  FEMALE 

Rare  cases  are  recorded  in  which  the  placenta  was  situated  in  the  utenis  while  the 
f  CBtus  was  developed  in  the  tube.  The  embryo  and  its  membranes  are  developed  until 
they  reach  such  a  size  that  the  tube  surrounding  them  ruptures.  This  may  occur  in 
the  first  month  or  not  until  much  later.  In  rare  cases,  when  the  wall  of  the  tube  was 
extensively  involved  in  the  formation  of  the  placenta,  the  development  has  gone  on 
until  term.  The  ovum  may  remain  in  the  tube  after  the  rupture,  or  may  escape  into 
the  peritoneal  cavity,  still  enveloped  in  its  membranes;  or  the  membranes  may  be 
ruptured  and  left  in  the  tube.  The  rupture  is  generally  attended  with  fatal  hamoN 
rhage.  In  some  cases  death  is  caused  by  the  rupture  of  a  dilated  vein  while  the  tube 
is  still  intact.     Hsemorrhage  into  the  sac  may  occur  before  its  rupture. 

In  rare  cases  death  does  not  take  place  and  the  foetus  is  shut  in  by  adhesions  and 
false  membranes.  The  embryo  soon  dies.  There  may  be  a  slow  absorption  of  the 
soft  parts  of  the  foetus,  the  bones  are  separated  and  left  embedded  in  a  mass  of  fibrous 
tissue,  fat,  cholesterin,  and  pigment;  or  the  foetus  retains  its  shape  and  becomes 
mummified,  and  may  then  be  encrusted  with  the  salts  of  lime  (lithopedion). 

On  the  other  hand,  degeneration  and  gangrene  of  the  foetus  may  take  place  rapidly, 
with  inflammation  and  suppuration  of  the  surrounding  tissue.  There  may  be  perfora- 
tion and  escape  of  the  broken-down  foetus  through  the  rectimi,  vagina,  bladder,  or 
abdominal  wall.  In  some  cases  the  foetus  may  escape  through  a  rupture  of  the  tube 
into  the  space  between  the  folds  of  the  broad  ligament. 

In  TUBO-ABDOMiNAL  PREGNANCY  the  development  of  the  ovum  is  in  the  fimbriated 
extremity  of^the  Fallopian  tube.  Adhesions  are  formed,  so  that  the  foetus  is  partly  in 
the  end  of  the  tube  and  partly  in  the  abdomen. 

Interstitial  Pregnancy. — The  ovum  in  these  cases  is  arrested  and  developed  in 
the  portion  of  the  tube  which  passes  through  the  wall  of  the  uterus. 

Abdominal  Pregnancy. — The  ovum,  after  escaping  from  the  ovary,  may  not 
enter  the  Fallopian  tube,  but  may  become  fibced  to  the  peritoneum,  usually  near  the 
ovary,  and  develop  in  that  position. 

Ovarian  Pregnancy. — The  existence  of  this  form  of  pregnancy  is  doubtful  and 
difficult  to  prove,  but  there  are  some  cases  in  which  it  seems  probable  that  the  oiim 
develops  in  its  Graafian  follicle.  The  placenta  may  be  attached  to  the  tube  or  to  the 
abdominal  wall. 

The  Mamma. 

Malformations. 

Arrest  of  development  of  the  mammee  occurs  with  arrest  of  development  of  the 
other  reproductive  organs,  and  less  frequently  alone. 

One  or  both  mammse  may  be  absent.     Absence  of  the  nipple  is  more  common. 

Supernumerary  mammse  and  nipples  have  been  observed  in  a  number  of  cases;  the 
glands  may  all  secrete  milk  during  lactation. 

Too  early  development  of  the  mammse  is  sometimes  found  in  young  children  in 
connection  with  abnormal  development  of  the  organs  of  generation.* 

HiEMORRHAGE. 

In  young  women  who  suffer  from  amenorrhoea  or  dysmenorrhcea, 
small  haemorrhages  sometimes  occur  in  the  mammae  at  the  time  of  men- 
struation. The  blood  may  find  its  way  into  the  milk  ducts  and  exude  in 
small  quantities  at  the  nipple. 

Contusions  of  the  breast  may  produce  extravasations  of  blood  in  the 
mammary  gland  or  the  surrounding  connective  tissue.  This  may 
become  absorbed,  or  may  remain  and  be  surrounded  by  fibrous  tissue  or 
be  converted  into  cysts. 

»See  Frank  and  Unger,  Arch.  Int.  Med.,  1911,  vii.,  812. 


THE    REPRODUCTIVE    ORGANS    OP   THE    FEMALE  843 

mFUUiaiATIOlT.     (BlastiCia.) 

During  lactation  the  nipple  is  liable  to  become  inflamed,  and  ulcers 
and  fissures  may  form. 

There  is  a  form  of  eczematous  inflammation  of  the  nipple  and  areola 


a,  Millc  duct:  b,  iotentitial  liHue;  c.  dense  cnllectioni  of  pua;  d,  diffuse  iDfiltralion  of  labule  niCb  piu. 

which  tends  to  ulcerate  and  in  which  carcinoma  may  originate.  This 
is  known  as  Paget 's  disease,  and  was  at  one  time  thought  to  be  due  to  the 
presence  of  coccidia. 


Acute  Exudative  Inflammation  (Mastitis). — This  occurs  most  fre- 
quently during  lactation;  it  also  occurs  during  pregnancy,  and  occasion- 
ally in  women  who  are  neither  pregnant  nor  nursing. 
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The  process  may  involve  the  subcutaneous  connective  tUsue,  the 
gland  itself,  or  the  connective  tissue  between  the  gland  and  the  wall  of 
the  thorax.  The  inflamed  tissues  are  at  first  congested,  swollen,  hard, 
and  painful.  The  inflammation  may  stop  at  this  point  and  resolution 
may  take  place,  but  more  frequently  it  is  succeeded  by  suppuration.  If 
the  inflammation  involves  the  subcutaneous  connective  tissue  the  abscess 
may  be  superficial  and  may  soon  open  through  the  akin.  If  the  gland  be 
involved  one  lobule  after  another  may  become  affected  (Fig.  581),  so  thri 


successive  abscesses  are  formed.  If  the  connective  tissue  beneath  the 
gland  be  inflamed  a  deep  abscess  of  large  size  may  be  formed,  which  usu- 
ally perforates  through  the  skin,  but  sometimes  into  the  pleural  cavity. 
In  both  these  latter  forms  of  abscess  there  is  apt  to  be  necrosis  of  large 
portions  of  tissue.  These  abscesses  may  cicatrize,  or  they  may  pass  into 
a  chronic  condition  and  remain  for  a  long  time  as  suppurating,  fistulous 
tracts.  Suppurative  mastitis  is  usually  due  to  the  presence  of  Strepto- 
coccus and  Staphylococcus  pyogenes. 

In  new-born  children  there  is  often  a  painful  swelling  of  the  breasts, 
which  usually  subsides  in  a  few  days,  but  may  go  on  to  suppuration. 

Epidemic  parotitis  is  sometimes  complicated  by  mastitis. 


THE    REPRODDCTIVE    OROANS    OF    THK   FEMALE  S45 

Chronic  Inflammation  of  the  interstitial  connective  tisBue  of  the 
mammary  gland  may  result  in  the  formation  of  dense  connective  tissue 
(Fig,  582),  with  or  without  cystic  dilatation  of  the  milk  ducts  and  atrophy 
of  the  glandular  elements.  Acute  exudative  inflammation  may  occur  in 
a  gland  which  is  the  seat  of  chronic  inflammation,  and  abscesses  may  be 
formed. 

Cystic  Hyperplasia. — About  the  time  of  the  menopause,  when  the 
mammary  gland  undergoes  involution,  the  fibrous  tissue  is  apt  to  increase. 
This  fibrous  hyperplasia  may  be  excessive,  and  is  then  frequently  asso- 


Fia.  5S4. — Htmbtbopbt  or  thb  Uamma. 

ciated  with  a  cystic  dilatation  of  the  smaller  ducts.  The  epithehum  may 
become  atrophied  or  it  may  proliferate,  and  frequently  forms  papillary 
projections  into  the  dilated  ducts.  This  cystic  hyperplasia  of  the 
mamma,  when  the  epithelial  changes  are  marked,  is  scarcely  to  be  differ- 
entiated from  adenoma,  to  which  indeed  it  probably  frequently  leads. ' 

Tuberculous  Inflammation  of  the  mammary  gland  and  its  excretory 
ducts  ia  of  occasional  occurrence.  It  may  manifest  itself  in  the  form  of 
miliary  tubercles,  larger  and  smaller  caseous  masses  of  new-formed  tissue, 

'  For  s  Btudy  of  Uin  Icaion  with  biblkicnphy  mb  Oreaunieh  and  HartvHll,  Jour.  o[  Ued.  Raa.,  voL 
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or  cold  abscesses.'     The  association  of  tuberculosis  with  carcinonu  o 
the  mamma  (Fig.  583)  is  rare. 


Syphilitic  Ulcers  may  occur  in  the  nipple  either  as  primary  chancres  or 
i  mucous  patches.     Gummy  tumors  have  been  observed  in  the  mamma. 
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Hypertrophy. — ^There  may  be  a  general  hypertrophy  of  one  or  both 
breasts.  This  is  usually  found  in  young,  unmarried  women,  but  some- 
times in  women  in  advanced  life.  The  glands  may  be  symmetrically 
and  excessively  enlarged  (Fig.  584).  There  is  an  increase  in  both  the 
glandular  and  the  connective-tissue  elements  of  the  organ'  (Figs.  585 
and  586). 


Fibroma. — Circumscribed  tumors  composed  of  connective  tissue  are 
sometimes  found  in  the  breast.  They  are  dense  and  hard,  and  may 
enclose  some  of  the  gland  ducts  and  acini. 


Intracanalicidar  Fibroma. — These  tumors  are  formed  by  a  diffuse 
growth  of  connective  tissue,  and  a  growth  of  polypoid  fibrous  tumors 
from  the  walls  of  the  milk  ducts  into  their  cavities  leading  to  dilatation. 

I  For  ■  itudy  of  hypertniphy  of  (be  bnaateet  Kirchhdm.  Areh.  t.  kliii.  Cbir.,  Bd.  Izviii.,  1003,  bibL 
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The  glandular  acini  may  be  atrophied,  or  enlarged,  or  cystic.  A  section 
of  such  a  tumor  looks  like  a  solid  mass  of  fibrous  tissue,  divided  by  clefts 
and  fissures  lined  with  cylindrical  or  cuboidal  epithelium  (Fig.  587),  or 
fibrous  tissue  containing  cysts  into  which  project  polypoid  fibrous  out- 
growths from  the  walls.  Sometimes  the  new-formed  fibrous  grontha 
into  the  dilated  ducts  are  adenomatous  in  character,  containing  many 
new-formed  irregular  acini  (Fig.  588).  Such  tumors  may  be  called  inira- 
canalicvlar  Jibro-adenomata.  These  tumors  grow  slowly,  but  if  left  to 
themselves  may  reach  an  enormous  size.  The  skin  over  them  may  ulcer- 
ate and  the  tumor  project  through  the  opening  in  fungous  masses.  They 
may  be  associated  with  interstitial  fibrous  hyperplasia  of  the  gland. 

PericanalicvlaT  FibToma. — Sometimes  the  new  connective  tissue  forms 
a  more  or  less  thick  cylindrical  investment  of  the  duct  without  gromog 


into  its  lumen.  This  formation,  which  is  shown  in  Fig.  589,  is  some- 
times called  pericanalicular  fibroma. 

Myxoma. — This  may  be  a  circuniscribed  growth  replacing  part  of 
the  mamma,  or  it  may  form  in  the  same  way  as  the  intracanalicular  fibro- 
mata. It  is  not  uncommon  in  these  intracanalicular  tumors  to  find  a 
combination  of  fibrous,  mucous,  and  sarcomatous  tissue  in  the  same 
tumor. 

Osteoma  and  Chondroma  are  rare  forms  of  tumor  in  the  mamma. 
A  few  cases  have  been  described  in  which  they  were  combined  with  car- 
cinoma or  with  sarcoma.     Osteochondroma  is  described.^ 

Lipoma,  myoma,  and  angioma  are  described. 

1  Far  ft  study  of  the  cartilacmoiu  uid  bony  tumon  of  the  bnut  see  St.  Arnold.  Vinh.  AiA..  Bd. 
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Adeaoma. — Tumors  composed  of  glandular  acini  and  ducts  surrounded 
by  connective  tissue  are  of  frequent  occurrence  in  the  mamma  (Fig. 
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590).     They  are  either  single  or  multiple,  or  several  may  be  developed 
successively  in  the  same  breast.     They  grow,  as  a  rule,  at  first  slowly, 
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afterward  more  rapidly.  Their  structure  may  be  further  complicated 
by  the  dilatation  of  one  or  more  of  the  ducts  which  compose  the  tumor 
into  cysts,  and  the  ingrowth  of  connective  tissue  from  the  walla  of  these 
cysts.  This  growth  is  often  in  papillary  form — papillary  cystadetioma— 
(Fig.  591).  A  case  of  cystic  adenoma  with  ciliated  epithelium  has  been 
described.' 

While  preserving  the  gland  type  the  adenomata  present  great  varia- 
tion in  the  form  and  grouping  of  the  epithelial  cells  of  the  ducts  and  acini, 
so  that  here  as  elsewhere  various  intermediate  forms  may  be  found  be- 
tween adenoma  and  carcinoma.'  The  new-formed  glandular  epithelium 
often  presents  two  types,  one  in  which  the  cells  are  fairly  distinct  and 
cuboidal  or  cylindrical  (Fig.  592),  and  the  other  in  which  the  cells  pro- 
ject into  the  lumina  in  irregular  masses  (Fig.  593), 


Fio.  591.— PapiluhtCmta 


Sarcoma. — These  tumors  may  develop  in  a  nodular  or  diffuse  form 
and  may  largely  replace  the  gland,  or  may  form  intracanalicular  growths- 
They  may  be  of  the  round  or  spindle-cell  type;  they  often  become  verj' 
large,  and  ulcerate.     Metastasis  in  the  axillary  lymph-nodes  is  usual.' 

Primary  Carcinoma  of  the  mamma  is  most  common  in  women  be- 
tween the  ages  of  thirty-five  and  fifty-five,  but  it  sometimes  occurs  in 
women  not  over  twenty,  and  sometimes  in  old  persons.  It  occurs  in 
either  breast,  in  the  right  rather  more  frequently  than  in  the  left,  but 
sometimes  in  both.  The  growth  begins  more  frequently  at  the  periphery 
of  the  gland  than  at  its  centre,  and  more  frequently  in  the  upper  edge  of 
the  gland  than  in  any  other  place. 

The  growth  most  frequently  begins  as  a  small,  circumscribed  nodule, 

1  Budati.  Virehow-s  Arch..  Bd.  olvL,  p.  395,  188B. 
'  See  CjBtie  hyperpla»ui,  p.  845. 
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which  enlarges  and  involves  more  and  more  of  the  breast;  sometimes, 
however,  it  is  diffuse  from  the  first,  and  sometimes  it  begins  in  the  nipple. 

It  may  infiltrate  the  adjacent  tissues  and  the  axillary  and  cervical 
glands,  and  form  metastatic  tumors  in  different  parts  of  the  body.' 

The  local  extension  of  carcinoma  often  takes  place  through  the  lymph- 
vessels  which  pass  along  the  fibrous  trabecuke  of  the  periglandular  fat; 


Fla.  S92.— Adbhoua  of  thb  Uahha. 
Type  of  acini  lined  with  duct  epithelium. 

80  that  bands  of  fibrous  tissue  harboring  tumor  cells,  with  their  active 
capacity  for  growth,  may  extend  far  from  the  central  mass  (Pig,  594). 
Fibrous  bands  of  such  significance  are,  in  the  early  stages  of  extension, 
not  to  be  differentiated  from  the  normal,  either  by  the  touch  or  by  the 
eye.  Even  with  the  microscrope  it  is  often  impossible  to  determine 
whether  small  spheroidal  or  polyhedral  cells  which  are  not  character- 
istically grouped  in  these  fibrous  bands  are  epithelial  in  character  or  not. 


It  is  such  cells,  frequently  left  behind  in  other  than  thorough  operations, 
which  give  rise  to  local  recurrence. 

The  meduUary  and  fibrous  types  are  most  common;  the  gelatinous  is 
rare.  In  any  of  these  forms  of  cancer  there  may  be  cystic  dilatations  of 
the  ducts  and  acini.  Epithelioma  may  form  at  the  nipple.  Secondary 
carcinoma  of  the  mamma  is  rare.  Retraction  of  the  nipple  is 
later  stages  of  fibrous  types  of  mammary  cancer  (see  Fig.  594). 

'  For  a  study  of  dissemioation  of  «nmom&  of  the  breut  mx  Slilrt,  Brit.  Med.  Jour.,  vol. 
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Cysts  of  the  mamma  seem  to  be  for  the  most  part  retention  cyste, 
formed  by  the  dilatation  of  the  gland  ducts  or  acini.  During  lacta- 
tion such  retention  cysts  are  sometimes  formed,  and  then  contain  milk. 
They  may  reach  an  enormous  size.  At  other  times  retention  cysts  are 
formed  containing  serous  or  viscid,  brownish  fluid,  which  often  exudes 


Fro.  SS4. — CABcmoUA  or  thb  Mjhhj — FiBBotm  Trpa — Sciskbdb. 
Tbs  nipple  ia  retracted  by  the  ibrinkase  of  the  fibnui  tinue.    The  iroirlii  ■  uUmtfiDC  ikac 
ths  fibnui  bAoda  of  the  memmBry  fst  uid  Kt  the  left  lua  tBaohed  the  pts»  of  eickioii      Theduker 
portion*  ia  the  figure  aie  lcd>ul«  of  fal 

through  the  nipple.  These  cysts  may  be  large  or  small,  single  or  multi- 
ple. There  are  usually  at  the  same  time  some  growth  and  induration  of 
the  connective  tissue  of  the  gland.  In  some  cases  there  are  polypoid 
outgrowths  of  connective  tissue  from  the  wall  of  the  cyst.  These  cysts 
are  not  to  be  confounded  with  the  cysts  which  are  developed  with  the 
intracanalicular  tumors,  described  above. 


CHAPTER  XI. 

REPRODUCTIVE  ORGANS  OF  THE  MALE. 

The  Penis. 

Malformations. 

The  penis  may  be  absent  with  great  defects  of  development  of  the  rest  of  the  body. 
The  urethra  then  usually  opens  into  the  rectum. 

An  abnormally  small  penis  may  be  associated  with  absence  or  arrested  develop- 
ment of  the  testicles.     The  prepuce  may  be  rudimentary  or  absent. 

Congenital  phimosis  is  not  uncommon. 

Hypospadias  is  an  arrest  of  development  of  the  penis  and  scrotum.  In  its  high- 
est degree  the  penis  is  short,  the  glans  penis  small.  On  the  lower  side  of  the  penis  is  a 
deep  cleft  lined  with  mucous  membrane.  Into  this  cleft  the  urethra  opens  at  the  root 
of  the  penis.  The  scrotum  remains  separated  into  two  halves,  resembling  labia 
majora.  The  testes  may  descend  into  their  proper  position  on  each  side  or  remain  in 
the  abdomen.  If  the  testicles  continue  to  develop  normally  the  individual  has  the 
appearance  and  capacities  of  a  man;  if  their  development  is  arrested  the  individual 
is  apt  to  be  of  feminine  type. 

In  lesser  grades  of  hypospadias  the  two  halves  of  the  scrotum  are  joined  and  the 
penis  is  larger,  but  a  part  of  the  urethra  remains  open  as  a  cleft  at  some  point  of  the 
penis. 

Epispadias  is  an  opening  of  the  urethra  on  the  upper  side  of  the  penis.  It  pre- 
sents various  grades  and  forms. 

Hermaphroditism. — This  is  a  union  of  two  sexes  in  the  same  person,  the  test  of 
which  is  the  presence  of  the  secreting  organs,  the  ovaries  and  testicles.  True  her- 
maphroditism is  rare,  but  it  does  occur,  while  most  of  the  conditions  called  her- 
maphroditism are  in  reality  due  to  varying  malformations  of  the  external  generative 
organs. 

Paeudo-hermaphroditism. — In  the  male,  normally,  the  greater  part  of  MUller's 
canal  disappears  and  its  lower  end  forms  the  vesicula  prostatica.  In  this  malformar- 
tion  MuUer's  canal  is  changed,  as  it  is  in  the  female,  into  Fallopian  tubes,  uterus,  and 
vagina,  while  at  the  same  times  the  testes,  epididymides,  vesicuke  seminales,  and 
spermatic  cord  are  formed  as  usual.  In  the  lesser  degrees  of  this  malformation  we 
find,  in  the  place  of  the  vesicula  prostatica,  a  pear-shaped  sac  as  large  as  a  pigeon's  egg, 
with  muscular  walls  and  an  epithelial  lining.  This  sac  may  be  incompletely  divided 
into  a  uterus  and  vagina,  and  it  opens  into  the  urethra.  In  the  higher  grades  we  find 
a  well-formed  vagina  and  uterus.  The  uterus  may  or  may  not  have  Fallopian  tubes. 
The  testicles  are  usually  retained  in  the  abdomen  or  inguinal  canals,  and  are  small. 
The  spermatic  ducts  run  on  the  sides  of  the  uterus  and  open  into  the  urethra  or  are 
closed.  The  penis  and  scrotum  appear  as  in  hypospadias,  or  are  well  formed.  The 
appearance  of  the  individual  varies  with  the  development  of  the  testicles. 

Tme  hermaphroditism  may  be  lateral.  In  this  condition  there  is  hypospadias;  a 
vagina  and  uterus  and  a  Fallopian  tube  and  ovary  are  on  one  side,  and  a  testicle  and 
spermatic  cord  on  the  other. 

In  certain  cases,  which  may  be  called  bilateral  hermaphroditism,  there  is  a  testicle 
on  one  side  and  an  ovary  on  the  other.* 

Enlargement  of  the  penis  is  sometimes  caused  by  venous  congestion  from 

1  For  a  detailed  consideration  of  the  malformationa  of  the  male  and  female  generative  organft 
oonsult  Klebit  "Handbuch  der  pathologriachen  Anatomie."  and  more  recent  cases  of  hermaphroditism 
by  Heppner^  Arch.  f.  Anat.  u.  Physiol.,  1870,  and  by  Ho/mann,  Wien.  med.  Jahrb.,  1877. 
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heart  disease;  by  long-continued  masturbation,  as  a  result  of  which  the  corpus  caver- 
nosum  may  lose  its  contractility;  and  in  rare  cases  by  hyperplasia  of  the  stroma  of  the 
corpus  cavernosum. 

INJURY  AND  HEMORRHAGE. 

Injuries  to  the  penis  are  liable  to  give  rise  to  severe  haemorrhage  on 
account  of  its  peculiar  vascular  character;  suppurative  inflammation, 
gangrene,  infiltration  with  urine  and  its  consequences,  are  also  liable  to 
occur.  The  contractions  of  the  cicatricial  tissue  by  which  wounds  are 
healed  frequently  give  rise  to  various  distortions  of  the  organ. 

INFLAMMATION. 

Balanitis — inflammation  of  the  glans  penis  and  the  prepuce— is 
usually  due  to  gonococcal  or  syphilitic  infection,  or  it  may  be  incited  by 
foul  accumulations  of  smegma.  The  parts  are  red  and  swollen  and  may 
ulcerate.  Condylomata  may  be  formed,  and  adhesions  between  the  pre- 
puce and  glans.  The  glans  may  ulcerate  and  the  prepuce  may  be  much 
thickened.  If  the  prepuce  be  long,  phimosis  may  occur  with  the  accumu- 
lation of  exudate  beneath.    The  prepuce  may  become  gangrenous. 

Paraphimosis  is  produced  by  the  retraction  of  a  narrow  prepuce  be- 
hind the  glans,  with  consequent  stricture,  inflammation,  and  sometimes 
gangrene. 

Inflammation  of  the  Corpora  Cavernosa  may  be  the  result  of  injury, 
may  follow  fistuke,  may  occur  in  connection  with  inflammation  of  the 
connective  tissue  of  the  penis,  and  may  accompany  the  acute  infectious 
diseases.  It  may  result  in  fibrous  induration  of  portions  of  the  corpora 
cavernosa;  rarely  in  abscess  or  diffuse  purulent  infiltration;  sometimes 
in  gangrene.  Larger  and  smaller  masses  or  plates  of  very  dense  fibrous 
tissue  sometimes  form  in  the  sheath  of  the  corpora  cavernosa  without 
history  of  antecedent  lesion.^ 

Tuberculous  Inflammation  of  the  penis  has  repeatedly  followed  cir- 
cumcision performed  by  uncleanly  tuberculous  persons. 

Syphilitic  Ulcers  frequently  occur  in  the  glans  penis  and  prepuce. 
The  indurated  chancre  is  formed  either  from  an  excoriation  in  which 
a  pustule  is  formed  or  from  a  little  nodule.  The  pustule  breaks  and 
its  walls  are  infiltrated  with  small  round  cells.  The  nodule  softens, 
breaks  down,  and  forms  an  ulcer  whose  walls  are  infiltrated  with  cells. 
Syphilitic  condylomata  are  of  frequent  occurrence  on  the  glans. 

Herpes  of  the  prepuce  occurs  in  the  form  of  small  vesicles,  which  may 
later  become  ulcers.  Erysipelatous  and  furuncular  inflammation  some- 
times involves  the  skin  of  the  penis. 

TUMORS. 

Papilloma  is  found  on  the  prepuce  and  glans  penis.  It  occurs  in  the 
form  of  little  warty  growths,  or  of  composite,  cauliflower  masses,  even 
as  large  as  a  fist.     In  either  case  the  structure  is  the  same — hypertro- 

*  For  a  study  with  bibliography  of  indurations  in  the  corpora  cavernosa  penis  see  Saek$,  VTieaier 
klin.  Wochenschr..  Jan.  3l8t,  1901. 
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phied  papilke  covered  with  epithelium.  Sometimes  the  epithelial  layers 
become  thick  and  horny,  forming  large,  dense  projections. 

Fibroma  diffusum,  or  elephantiasis  of  the  prepuce,  may  occur,  leading 
to  great  thickening.  It  is  due  to  a  diffuse  growth  of  fibrous  tissue  in  the 
cutis.  Lipoma,  angioma,  circumscribed  fibroma,  and  sebaceous  cysts  may 
occur  in  the  penis.  Carcinoma  is  usually  of  the  epitheliomatous  type. 
It  is  most  frequent  in  the  prepuce  and  glans  penis.  It  may  have  the  form 
of  a  flat  ulcer,  or  of  infiltrating,  ulcerating  nodules,  or  it  may  be  papil- 
lary. Such  growths  may  attain  great  size,  ulcerate,  or  undergo  a  variety 
of  inflammatory  changes.  Carcinoma  may  involve  the  entire  skin  of  the 
penis  or  may  invade  deeper  parts.  The  inguinal  glands  may  be  involved. 
Distant  metastases  are  not  frequent.  Medullary  or  glandular  carcinoma 
of  the  penis  is  not  common.  It  may  be  secondary  to  carcinoma  in  some 
other  part  of  the  body. 

Sarcoma  is  described. 

Dermoid  tumors  of  the  penis  are  of  occasional  occurrence.^ 

Calcification  and  ossification  of  the  connective  tissue  of  the  corpora 
cavernosa  sometimes  occur.  Large  and  small  preputial  calculi  are  occa- 
sionally found  between  the  prepuce  and  the  glans.  These  may  be  formed 
in  sitUf  may  come  from  the  bladder  or  from  without,  and  may  later 
increase  in  size. 

The  Scrotum. 

The  skin  of  the  scrotum  is  subject  to  the  various  forms  of  lesions 
which  may  occur  in  any  part  of  the  integument. 

Elephantiasis  of  the  scrotum  consists  in  the  main  of  a  development  of 
new  connective  tissue  in  the  cutis,  which  is  sometimes  accompanied  by 
dilatation  of  the  lymph- vessels;  thus  the  thickened  scrotum  may  form  a 
large  tumor,  often  rough  upon  the  surface,  which  may  entirely  cover  in 
the  penis. 

TUMORS. 

Lipoma  and  fibroma  occur.  Epitheliomata,  in  the  form  of  flat  or 
papillary  ulcerating  tumors,  are  of  frequent  occurrence  among  chimney 
sweepers,  and  may  lead  to  extensive  ulcerations  of  the  adjacent  parts  and 
involvement  of  neighboring  lymph-nodes. 

Dermoid  Cysts  and  Teratomata  of  the  scrotum  are  not  uncommon.  In 
very  rare  cases  tumors  containing  a  considerable  portion  of  a  f cetal  skele- 
ton have  been  found  in  the  scrotum.  Occasionally  the  skin  of  the  scro- 
tum is  beset  with  numerous  larger  and  smaller  sebaceous  cysts,  which 
raise  the  surface  into  little  globular  or  wart-like  projections. 

The  Testicles. 

Malformations. 

Absence  of  both  testicles,  either  with  or  without  absence  of  the  epididymides, 
spermatic  cords,  and  vesicuke  seminales,  occurs  in  rare  cases.     The  scrotum  is  only 

» OerutanoM,  Deut.  Zeite.  f.  Chir..  Bd.  Iv..  p.  326,  1900. 
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indicated  or  may  contain  the  epididymides.    The  peois  is  small,  and  the  indiTidub 
are  umaJl  and  poorly  developed. 

The  testes  may  be  imperfectly  developed.  The  individuals  are  effeminate. 
Absence  of  one  testicle  with  healthy  development  of  the  other,  is  more  freqnmt. 
The  correaponding  epididymis  and  cord  may  be  absent  or  present. 

The  spermatic  cords  and  vesiculte  seminoles  may  be  absent  or  imperfectly  denl- 
oped  on  one  or  both  sides,  while  the  testes  ore  normal. 

Cbyptorchismus. — Either  one  or  both  testicles  may  remain  permanently  in  their 
foetal  position,  or  may  not  descend  into  the  scrotum  for  several  years  after  birth 
(cryptorchismus),  or  not  at  all.  This  condition  may  be  due  to  an  arrest  of  develop- 
ment in  the  testes  or  the  gubemaculum  testis;  adhesions  produced  by  antenatal  perit- 
onitis; narrowing  of  the  inguinal  canal;  nu- 
lowing  or  shortening  of  the  vaginal  procen 
of  the  peritoneum;  or  to  abnormal  siie  or 
position  of  the  testicle.  Usually  the  sal- 
formation  is  confined  to  one  testicle,  oad 
then  is  more  frequent  on  the  left  side.  The 
testicle  is  usually  found  in  the  abdomen  close 
to  the  mouth  of  the  inguinal  canal,  or  in  tbe 
inguinal  Canal  just  below  the  external  ring; 
but  it  may  be  beneath  the  skin  in  the  peri- 
neum, or  in  the  crural  canal  with  the  femoral 
vessels,  or  elsewhere.  The  retained  testis  i> 
usually  not  fully  developed,  or  undergoes 
fatty  degeneration  or  fibrous  hyperplaaii. 
The  retention  of  one  or  even  of  both  testicles 
does  not  preclude  the  possibility  of  proersa- 
tion.  Retained  testicles  are  prone  to  ioflam- 
matory  changes  and  liable  to  become  the 
seat  of  malignant  tumors.' 

Sometimes,  while  the  testis  is  retained,  the 
epididymis  and  spermatic  cord  descend  into 
the  scrotum.  In  rare  cases  the  position  of 
the  testis  may  be  changed  so  that  the  ^- 
didymis  and  cord  are  in  front.  The  occur- 
rence of  supernumerary  testicles  is  described. 

Varicocele. 

In  varicocele  the  veins  of  the  epennatie 

cord   ore   dilated,   often   forming    tortuou* 

masses  of  considerable  siie  (Fig.  505). 

Hydrocele. 

In  hydrocele  of  the  tunica  eajfnoKt  thaw 

is  an  accumulation  of  fluid  in  the  cavity  al 

the  sac.     It  is  usually  unilateral  and  is  eom- 

Fia.  Sfifi. — Varicdcelk.  monly  associated  with  acute  or  chronic  in- 

'""'*"'™^fi'^'""''h"""™''''"™        flammation    of  the   tunica  vaginalis,  i-sri- 

been    Ilea  wi     wbi.  cocele,    or   general   dropsy.      The  serum  is 

present  in  small  or  in  large  quantity;  it  is  usually  transparent,  may  contain  choks- 

terin,  or  be  purulent  or  mixed  with  blood.     The  tunica  vaginahs  remains  unchanged, 

or  is  thickened,  or  contains  plates  of  bone,  or  is  covered  with  polypoid  fibrous  twdief 

which  may  fall  oft  and  be  found  free  in  the  cavity  of  the  sac.     There  may  be  sdhesiom 

between  the  layers  of  the  tunica  vaginalis,  and  in  this  way  the  fluid  becomes  sacculsted. 

The  testis  is  pushed  downward  and  backward;  it  remains  unchanged  or  is  atrophied. 

In  hydrocele  of  the  processus  voffinalU  there  is  an  accumulation  of  senun  in  the 

cavity  of  the  vaginal  process  of  the  peritoneum,  which  remains  open  after  the  deswnt 

of  the  testicle.     There  are  several  varieties, 

■  For  lustoloBV  of  imdtscentied  tesUcle  kc  Unffrfduai.  Arch.  Ktin.  Odr..  1B13,  e.,  IISI ;  iiidd..l»- 
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(a)  The  vaginal  process  is  entirely  open  and  there  is  a  free  communication  with 
the  peritoneal  cavity.  The  serum  may  originate  in  the  cavity  of  the  peritoneum  or 
of  the  vaginal  process,  and  passes  freely  from  one  to  the  other. 

(6)  The  processus  vaginalis  is  closed  in  the  inguinal  canal,  while  its  lower  portion 
is  filled  with  serum. 

(c)  The  processus  vaginalis  is  closed  about  the  testis  and  the  visceral  layer  of  the 
tunica  vaginalis  is  formed.  The  senmi  accumulates  in  the  upper  part  of  the  vaginal 
process  which  communicates  with  the  peritoneal  cavity. 

{d)  The  vaginal  process  is  closed  in  the  inguinal  canal  and  over  the  testis;  the 
serum  accumulates  so  as  to  form  one  or  more  sacs  between  these  two  points.  Inguinal 
hernia  may  complicate  this  form  of  hydrocele. 

In  hydrocele  of  the  spermatic  cord  there  is  general  oedema  or  the  development  of 
circumscribed  cysts  in  the  connective  tissue  of  the  cord. 

A  pec\iliar  type  of  hydrocele  is  fo|'med  by  the  accumulation  of  serum  in  the  sac  of 
an  inguinal  hernia  from  which  the  intestine  has  become  retracted. 

Haematocele. 

In  hematocele  of  the  tunica  vaginalis  there  is  an  effusion  of  blood  into  the  cavity 
of  this  sac.  It  may  occur  in  injury;  in  sciu-vy,  or  with  the  hsemorrhagic  diathesis;  or 
it  may  complicate  a  pre-existing  hydrocele.  The  effused  blood  usually  soon  degen- 
erates, and  the  sac  is  filled  with  a  brownish  fluid  or  a  thick,  gnmious  mass.  The 
tunica  vaginalis  may  be  thickened.    The  testis  remains  normal  or  is  atrophied. ' 

Effusion  of  blood  into  the  loose  connective  tissue  of  the  scrotum  is  often  called 
extravaginal  hematocele. 

Hematocele  of  the  spermatic  cord  occurs  in  rare  cases  as  a  diffuse  infiltration  of 
blood  in  the  connective  tissue  of  the  cord.  Or  blood  may  be  effused  into  a  hydrocele  of 
the  cord. 

Spennatocele. 

Cysts  containing  spermatic  fluid  not  infrequently  arise  from  the  epididymis  or 
from  the  rete  testis.  These  sometimes  acquire  a  large  size  and  crowd  the  tunica  vag- 
inalis before  them,  so  that  they  simulate  a  collection  of  fluid  in  the  cavity  of  the  latter. 
The  wall  of  the  cyst  may  be  lined  with  ciliated  or  with  flattened  epithelium.  The 
contents  are  sometimes  simply  serous,  but  more  frequently  opalescent,  and  may  con- 
tain spermatozoa. 

ATROPHY. 

Atrophy  of  the  testicle  may  occur  in  old  age  or  in  persons  who  are  in 
a  condition  of  premature  senility;  or  as  the  result  of  injury  or  of  pressure 
from  hemis;  hydrocele,  or  inflammatory  products.  Fatty  degeneration 
and  the  accumulation  of  various  degeneration  products  in  the  lumen  of 
the  tubules  may  accompany  atrophy. 

INFLAMMATION.     (Orchitis.) 

Inflammation  of  the  testicles  may  follow  injuries,  exposure  to  cold, 
and  inflammation  of  the  urethra;  it  may  occur  in  parotitis  or  with 
syphilis  and  various  other  infectious  diseases.  The  testes,  epididymis, 
or  tunica  albuginea  may  be  principally  involved.  Usually  only  one 
testicle  is  inflamed,  sometimes  both.  The  inflammation  may  extend  to 
the  vas  deferens. 

Acute  Exudative  Orchitis  is  most  frequent  in  the  epididymis  and  tunica 
albuginea.  When  the  testis  is  involved  the  organ  is  congested  and  infil- 
trated with  serum  or  pus.  From  this  condition  it  may  return  to  the 
normal  state;  or  small  abscesses  may  form  which  may  be  absorbed,  or 
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increase  in  size  ao  as  to  involve  nearly  the  entire  organ.  They  may 
perforate  externally,  and  then  healing  may  occur  by  means  of  granula- 
tion tissue;  or  extensive  gangrenous  destruction  of  the  scrotum  may 
occur.  Abscesses  may  become  fenclosed  in  a  fibrous  capsule,  when  the 
contents  may  dry  and  become  caseous  or  calcified,  and  so  persist  for  a 
long  time.     The  acute  inflammation  may  become  chronic. 

Acule  epididymitis  is  frequently  the  result  of  gonorrhceal  infectioD, 
and  may  or  may  not  be  associated  with  inflammation  of  the  testis.  The 
products  of  inflammation  may  collect  in  varying  quantity  in  the  lumina 
of  the  seminiferous  tubules  and  in  the  ducts  of  the  epididymis,  and  the 
epithelium  of  these  structures  may  degenerate. 

Chronic  Orchitis  occurs  as  a  sequel  of  acute  inflammation  or  as  an 
independent  process.     It  may  involve  the  testis,  the  epididymis,  or  the 


spermatic  cord.  The  seminiferous  tubules  may  be  filled  with  desqua- 
mated and  degenerated  epithelium;  they  may  be  atrophied,  or  their  walls 
may  be  greatly  thickened  so  that  they  are  converted  into  dense  fibrous 
cords,  with  partial  or  complete  obliteration  of  their  lumina.  There  is 
usually  a  marked  increase  in  the  interstitial  tissue,  which  causes  atrophy 
of  the  tubules  (Fig.  596),  The  albuginea  may  be  greatly  thickened.  In 
some  cases  the  testis  is  converted  into  a  mass  of  dense  fibrous  tissue,  m 
which  but  little  trace  of  the  original  structure  can  be  made  out.  The 
new-formed  fibrous  tissue  may  become  calcified.  A  periorchitis  may 
lead  to  thickenng  and  union  of  the  layers  of  the  tunica  vaginalis  teste- 
Abscesses  are  not  infrequent  in  connection  with  chronic  orchitis. 

Tuberculous  Orchitis  may  occur  in  connection  with  tuberculosis  of  the 
other  genito-urinary  organs  or  the  lungs,  in  acute  general  miliary  tubff- 
culosis,  or  independently.  It  usually  originates  in  the  epididymis,  and 
may  extend  from  there  to  the  testis;  or  it  may  commence  in  the  testis. 
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The  appearance  which  the  testicles  present,  when  they  are  the  seat  of 
this  form  of  inflammation,  are  exceedingly  varied  and  often  difficult  of 
interpretation.  This  is  partly  due  to  the  complex  structure  of  the  organ, 
partly  to  the  varied  complicating  simple  inflammatory  changes  which 
the  different  parts  of  the  organ  undergo  in  connection  with  the  tuber- 
culous lesion. 

We  may  find  in  the  testicle  small  circumscribed  masses  of  cells,  visi- 
ble to  the  naked  eye  as  whitish  spots,  which  are  sometimes  composed  of 
small  spheroidal  cells  or  of  larger  polyhedral  or  fusiform  or  round  cells. 
These  occur  in  the  walls  of  seminiferous  tubules  and  blood-vessels,  and 
in  the  interstitial  tissue.  Sometimes  associated  with  these  smaller  nod-. 
ules,  and  sometimes  not,  we  find  larger,  irregular,  yellowish  or  gray 
cheesy  masses,  which  may  be  formed  by  the  confluence  and  degeneration 


Fio.  GOT. — TuBUtcuLOUB  Orchitu. 

of  the  smaller  nodules  {Fig.  697).  The  cheesy  masses  may  break  down 
and  open  externally,  giving  rise  to  fistulie,  gangrenous  inflammation,  etc. 
Hand-in-hand  with  this  distinctly  tuberculous  nodular  formation  of 
tissue,  which  is  disposed  to  degenerative  changes,  there  are  various  more 
or  less  diffuse  alterations  of  the  parenchyma  and  interstitial  tissue  of 
the  organ  which  often  constitute  a  most  prominent  feature  of  the  lesion. 
The  interstitial  tissue  may  be  more  or  less  densely  and  diffusely  infil- 
trated with  small  spheroidal  cells.  The  arteries  are  often  the  seat  of 
obliterating  endarteritis.  The  walls  of  the  seminiferous  tubules  may  be 
very  much  thickened,  so  that  the  lumen  may  be  entirely  obliterated. 
The  epithelium  lining  the  tubules  may  be  fatty,  disintegrated,  and  peeled 
off,  or  it  may  have  largely  disappeared.  The  lumen  of  the  tubules  may 
be  filled  with  a  granular,  nucleated  mass  which  in  transverse  sections 
looks  like  a  giant  cell,     The  thickened  walls  of  the  tubules  may  be  infil- 
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trated  with  small  spheroidal  cells,  so  that  the  uaderlying  stroma  is 
scarcely  visible.  When  this  occurs  in  connection  with  a  similar  infiltra- 
tion of  the  interstitial  tissue  and  the  formation  of  giant  cells  in  the  lumina, 
we  have  structures  which  present  the  greatest  resemblance  to  some  forma 
of  tubercle  granula  (Fig.  598), 

Tuberculous  inflammation  may  extend  from  the  testis  to  the  vaa 
deferens,  vesiculie  seminales,  and  prostate. 

Syphilitic  Orcbltls. — ^This  may  occur  in  the  form  of  a  diffuse  new  for- 
mation of  connective  tissue,  which  may  be  localized  or  be  widely  dia- 


1,  Tbiokuied  iutont 


tributed.  This  organ  becomes  dense  and  firm.  Morphologically  there 
is  no  difference  between  this  form  of  orchitis  and  chronic  indurative 
orchitis  from  other  excitants.  It  may  occur  in  children  affected  with 
congenital  syphilis.  Gummata  may  form  in  connection  with  the 
interstitial  induration.  These  may  disappear,  leaving  irregular  cicatrices. 
In  leprosy,  inflammatory  foci  in  the  testicle  are  common,' 

TUMORS. 

Fibromata  occur  in  the  form  of  small  dendritic  or  polypoid  growths ol 
the  visceral  layer  of  the  tunica  vaginalis.     These  sometimes  become  free 
and  are  found  in  the  sac,  usually  in  connection  with  hydrocele.    Small  ' 
nodular  fibromata  occasionally  occur  in  the  albuginea  and  in  the  sper- 
matic cord. 

lipoma,  either  pure  or  in  combination  with  myxoma  and  sarcoma, 
may  arise  from  the  connective  tissue  of  the  spermatic  cord  or  from  the 
tunica  albuginea. 

Chondroma,  sometimes  in  a  pure  form,  but  more  frequently  combined 
with  myxoma  and  sarcoma,  occurs  in  the  testicles  and  may  attain  a  Urge 
size.     Osteoma  has  been  described. 

1  For  a  eummBiy  of  orchitig,  CDOiult  StVItau.  Arch.  sta.  da  mid.,  t  i..  pp.  036  7ST,  ISM.  biU. 
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Sarcomata  occur  in  the  testes  and  epididymis,  most  frequently  in  the 
former.  They  may  be  compoaed  of  spheroidal  or  spindle-shaped  cells; 
they  may  be  soft  or  contain  much  fibrous  tissue;  they  are  very  frequently 
combined  with  myxoma,  chondroma,  lipoma,  etc.  Owing  to  the  occlu- 
sion of  the  seminiferous  tubules,  cysts  may  be  formed  in  these  sarcomata. 
In  such  cysts  sarcomatous  tissue  may  occur  in  the  form  of  intracanalicular 
polypoid  growths.  Thus  the  so-called  cystosaTcomata  of  the  testicle 
are  formed.  The  walls  of  these  cysts  may  coalesce,  so  that  large, 
irregular  cavities  may  be  formed.  When  the  cysts  are  not  filled  by 
polypoid  outgrowths  from  their  walls  they  may  contain  a  mucous,  serous, 
or  bloody  fluid,  or  masses  of  flattened  cells,  fat,  and  cholesterin.  The 
cysts  may  be  lined  with  cylindrical,  ciliated,  or  flattened  cells. 


Fio.  BM. — Rhabdoktoiu  or 

Rhabdomyoma  has  been  several  times  observed,  frequently  in  com- 
bination with  cysts.> 

Myoma  and  angioma  are  described. 

Adenoma  is  occasionally  found,  usually  in  combination  with  sarcoma 
or  carcinoma,  or  with  cyst  formation. 

Carcinoma  of  the  testicle  is  commonly  of  the  soft  medullary  form,  of 
rapid  growth,  and  usually  primary.  It  may  commence  in  the  testis  or 
epididymis.  Usually  only  one  testicle  is  involved.  Frequently  the 
entire  glandular  portion  of  the  organs  is  replaced  by  the  new  growth. 
The  albuginea  expands  with  the  growth  of  the  tumor,  and  may  continue 
to  enclose  it  even  when  of  large  size.  The  tissues  are  often  very  vascular, 
and  hcemorrhages,  areas  of  softening,  fatty  and  mucous  degeneration  are 
frequent.  The  inguinal  and  lumbar  lymph-nodes  are  apt  to  become 
involved,  and  distant  metastasis  may  occur.  Karely  the  growth  assumes 
a  scirrhous  form. 

>  For  itudy  of  rhabdomyoma  Hs  Badtir.  Vinboir'a  Arab.,  Bd.  clxiii..  p.  244. 1901,  bibL 
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Cysts. — Aside  from  the  above-mentioned  cysts,  which  occur  in  con- 
nection with  tumors  and  spermatocele,  cysts  may  be  formed  from  per- 
sistent remnants  of  Muller  's  canal  in  the  epididymis,  or  from  obstruction 
of  the  seminiferous  tubules  or  ducts  by  inflammatory  products  or  tissue. 

Teratomata  of  various  kinds,  with  or  without  cysts,  are  of  infrequent 
occurrence,  and  are  sometimes  quite  complex  in  character  (Fig.  600). 
They  may  be  embedded  in  the  substance  of  the  gland.  ^  Probably  some 
of  the  above-mentioned  cystic  rhabdomyomata  belong  here. 

Chorionepithelioma. — Several  cases  of  chorionepitheliomata  of  the 
testicle  have  been  described.  These  tumors  (Fig.  601)  resemble  those 
occurring  in  the  uterus  and  elsewhere  (see  p.  820),  the  various  forms  of 
cells,  syncytium,  Langhans'  cells,  and  wandering  chorionic  forms,  i^eing 
in  some  instances  typical  in  character.  They  are  malignant  and  form 
metastases.     They  are  associated  with  teratomata.^ 

PARASITES. 
Echlnococcus  may  occur  in  the  testis  or  epididymis. 

The  Seminal  Vesicles. 

The  seminal  vesicles  may  be  the  seat  of  acute  or  chronic  inflammation, 
which  is  most  frequently  associated  with  inflammatory  changes  in  adja- 
cent parts,  prostate,  urethra,  etc.  As  a  result  of  chronic  inflammation 
the  vesicles  may  be  atrophied,  or  they  may  be  greatly  dilated,  forming 
cysts  due  to  constriction  of  the  ducts.  Tuberculous  inflammation  is 
usually  secondary. 

TUMORS. 

Carcinoma  of  the  rectum  or  other  genito-urinary  organs  may  second- 
arily involve  the  seminal  vesicles.  Small  concretions,  sometimes  con- 
taining masses  of  spermatozoa,  are  occasionally  found  in  the  seminal 
vesicles. 

The  Prostate. 

DEGENERATION,  ATROPHY,  AND  HYPERTROPHY. 

Fatty  and  hyaline  degeneration  of  the  muscle  may  occur  in  the  prostate, 
with  or  without  hjrpertrophy.  Atrophy  of  the  prostate  may  follow 
lesions  or  removal  of  the  testicle,  inflammation  of  the  prostate  itself,  and 
may  occur  as  a  senile  process.  Dilatation  of  the  ducts  may  accompany 
the  atrophic  process. 

H3rpertrophy. — Enlargement  of  the  prostate — so-called  hypertrophy 
— is  of  frequent  occurrence  in  advanced  years.     It  may  involve  the  entire 

1  Consiilt  for  teratoid  tumors  of  the  testicle  Wilms,  Ziegler's  Beitr.  s.  path.  Anat.,  Bd.  xix.,  p.  233, 

1800. 

I  See  for  a  summary  and  discussion  of  these  tumors  Frank,  Jour.  Amer.  Med.  Assn.,  vol.  xlvi. 

p.  248.  1906. 


864  REPRODUCTIVE  ORGANS  OF  THE  MALE 

organ  or  be  partial;  it  may  be  nodular  (Fig.  602)  or  diEfuse.  The  middle 
lobe  is  moBt  frequently  involved,  and  this  may  press  upon  the  urethra, 
leading  to  difficult  urination  and  such  secondary  alterations  in  the  blad- 
der as  are  associated  with  this,  i.e.,  hypertrophy  and  dilatation  of  the 
bladder,  or  cystitis,  not  infrequently  with  involvement  of  the  ureter  and 
kidneys. 

Hypertrophy  of  the  prostate  may  be  due  to  hyperplasia  of  the  muscle 
and  fibrous  tissue  of  the  organ;  at  the  same  time  the  gland  tissue  may 
be  increased  (Fig.  603),  or  the  latter  may  be  alone  involved.  The 
increase  in  gland  tissue  has  usually  the  character  of  glandular  hyperplasia. 


Fia.  602. — Htpxbtbofhi  or  tbb  Pbohiatb. 

But  genuine  adenomata  may  form  both  with  and  without  hyperplasia 
of  the  connective  tissue,  muscle,  and  glands. 

In  partial  hypertrophy  there  are  circumscribed  nodules  of  muscle 
tissue  or  of  muscle  and  gland  tissue.  These  are  usually  situated  at  the 
periphery  of  the  organ  and  project  into  the  bladder.  They  may  become 
detached  from  the  prostate,  and  be  found  as  small,  movable  tumors 
beneath  the  mucous  membrane  of  the  bladder. 

IHFLAHlIATIOn.     (Profllatitis.) 
Acute  Exudative  loflammatlon  of  the  prostate  is  induced  by  gonorrhisa, 
by  injuries,  or,  more  rarely,  is  independent.     It  may  be  acute  or  chrouc. 
The  gland  may  after  a  time  return  to  its  normal  condition,  or  be  gradu- 
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ally  converted  into  &  mass  of  fibrous  tissue  filled  with  abscesses.  The 
abscesses  may  perforate  into  the  bladder,  urethra,  vesiculs  seminales, 
rectum,  or  peritoneum.  Or  the  inflammation  may  extend  to  the  connec- 
tive tissue  of  the  scrotum  or  beneath  the  pelvic  peritoneum.  The  pus 
may  become  thickened  and  cheesy,  or  even  calcified. 

Tuberculous  Inflammatloa  of  the  prostate  usually  accompanies  a  sim- 
ilar lesion  of  some  of  the  other  genito-urinary  organs.  Large  cheesy 
masses  are  often  formed,  which  may  break  down  and  open  into  the 
bladder  or  rectum. 


Sarcoma  of  the  prostate  has  been  described.  Adenoma  (Fig.  604) 
occurs  either  with  or  without  an  increase  in  the  fibro-muscular  interstitial 
tissue  and  gland  hyperplasia, 

Caiciuoma  is  of  occasional  occurrence,  and  may  be  primary  or  sec- 
ondary. 


Fio.  605.— Gu 

Some  ol  the  dilated  glands  contain  corpora  smylacea. 

Cysts  of  the  prostate  (Fig.  605)  are  sometimes  found  either  as-  a 
result  of  occlusion  of  the  ducts  by  hypertrophy  of  the  interstitial  tissue, 
tumors,  etc.,  or  as  a  result  of  faulty  development.' 

PARASITES  ASD  COIfCRETIORS. 

Echinococcus  of  the  prostate  has  been  described,  but  is  rare. 

Concretions. — Small  ovoidal  or  spheroidal,  often  brown  or  black 
bodies,  having  the  characters  of  corpora  amylacea  (Fig.  606),  are  of  very 
frequent  occurrence  in  the  alveoli  of  the  prostate,  particularly  in  old  per- 
sons. We  find  a  certain  number  of  them  in  the  prostate  of  nearly  all  old 
men,  but  they  are  sometimes  present  in  great  numbers.     Larger,  irreg- 

I  The  occurrence  of  equamous  epitlieliuni  in  tbe  ducts  and  bIhumb  oF  Uie  Dnistata  haa  been  deacribfd 
set-  Schnidl.  Zieiler's  Beitr.,  Bd.  il.,  p.  120,  1906. 
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ular  concretions,  apparently  formed  by  the  coalescence  or  growth  of  the 
smaller  ones,  are  less  frequently  found,  and  may  be  encrusted  with  lime 
salts.  These  concretions  may  give  rise  to  ulceration  of  the  ducts  of  the 
gland  or  to  interference  with  the  passage  of  urine,  but  usually  they  are 
of  no  practical  importance. 


Cowper's  Glands. 

Infiammatory  processes,  acute  or  chronic,  may  occur  in  these  organs 
in  connection  with  urethritis  or  prostatitis.  Abscesses  may  form;  the 
glands,  either  in  acute  or  chronic  inflammation,  may  become  enlarged 
and  encroach  upon  the  lumen  of  the  urethra.  Retention  cysts  formed  by 
the  closure  of  the  excretory  ducta  may  also  project  into  the  urethral 
canal. 

The  Male  Hamma. 

There  may  be  aa  abnormal  number  of  mamma.  In  boys,  at  about 
the  time  of  puberty,  the  mamma  may  be  swollen  and  inflamed  or  they 
m^y  secrete  milk.  Cases  are  recorded  in  which  adult  males  possessed 
large  mammae  which  secreted  milk.  The  breasts  may  be  enlarged  from 
an  increase  of  fat  or  of  connective  tissue. 

Fibroma,  sarcoma,  cysto -sarcoma,  myxoma,  and  various  forms  of 
carcinoma'  may  occur. 

Cysts  of  the  male  breast  are  not  very  infrequent. 

■  For  bibliography  of  esrcinomfl  of  the  male  breMt  hw  WarfiM,  Johns  Hopluui  Hosp.  Bull.,  vol. 


CHAPTER  XII. 

VOLUBTARY  IfUSCLE. 


NECROSia  of  muscle  may  be  the  local  result  of  mechaDical  or  cbemical 
injury;  it  occurs  in  inflammatory  foci,  and  may  follow  serious  local  dis- 
turbances of  the  circulation,  as  from  pressure  by  tumors  or  cicatrices,  etc. 
The  muscle  fibres  may  gradually  lose  their  striations,  become  granular 
and  disintegrate,  or  the  muscle  substance  may  become  homogeneous  and 
strongly  refractile  and  break  into  irregular  masses.  Necrotic  muacie 
fibres  are  finally  removed  by  the  direct  action  of  phagocytes  or  afMr 
various  transformations  leading  to  their  solution. 

ATROPHY  AND  HYPERTROPHY. 
Smple  Atrophy. — This  may  occur  in  old  age,  in  prolonged  exhaiutiDg 
diseases,  or  as  a  result  of  pressure  from  a  foreign  body,  tumors,  etc. 
The  muscle  fibres  grow  narrower,  the  degree  of  narrowing  frequently 


FiQ.  607.~Phih)reuive  Mubcdub  Atbopht  (Soleiu  miucla,  loociludiDal  sectioo). 
a,  Atmphied  miuele  fibn:  b.  de«eiierBted  miucle  fibn;  c,  ialenCiti*]  tinue;  d.  cliuten  al  pntifenlHl 

varying  considerably  in  different  parts.  They  usually  retain  the  stria- 
tions, but  these  may  be  obscured  by  degenerative  changes.  The  sarco- 
lemma  may  become  thickened,  and  there  may  be  a  considerable  incresse 
in  connective  tissue  between  the  muscle  fibres  and  bundles.  Brown  pig- 
ment particles  may  accumulate  in  the  atrophied  fibres. 
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Progresdve  Muscular  Atrophy. — This  lesion  consists  essentially  in  a 
combination  of  simple  or  degenerative  atrophy  of  the  muscle  fibres  with 
chronic  interstitial  inflammation,  and  is  sometimes  associated  with 
proliferative  changes  in  the  muscle  nuclei.  In  the  earlier  stages  of  the 
disease  the  muscles  may  be  pale  and  soft,  but  exhibit  otherwise  to  the 
naked  eye  but  little  alteration.  Gradually,  however,  the  muscle  sub- 
stance becomes  replaced  by  connective  tissue,  so  that  in  marked  and 
advanced  cases  the  muscles  are  converted  into  fibrous  bands  or  cords, 
whose  cicatricial  contraction  may  induce  great  deformities. 


Microscopical  examination  shows  in  the  early  stages  of  the  disease  a 
proliferation  of  cells  in  the  interstitial  tissue,  so  that  this  may  have  the 
appearance  of  granulation  or  embryonal  tissue;  also  in  some  cases  marked 
proliferative  changes  in  the  muscle  nuclei  (Fig.  607),  leading  to  the  for- 
mation of  new  cells  which  may  more  or  less  replace  the  contractile 
substance  within  the  sarcolemma.  The  new  interstitial  tissue  increases 
in  quantity  and  grows  denser,  and  may  crowd  the  muscle  fibres  apart 
(Fig.  608).  The  walls  of  the  blood-vessels  may  also  become  thickened. 
Hand-ia-hand  with  these  interstitial  alterations  the  atrophy  of  the  muscle 
fibres  proceeds.  These  may  simply  grow  narrower,  retaining  their 
striations;  or  they  may  split  up  into  longitudinal  fibrilbe,  or  transversely 
into  discoid  masses,  and  in  this  condition  disappear.  In  other  cases  a 
certain  amount  of  fatty  or  hyaline  degeneration  may  be  present.     These 
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degenerative  and  proliferative  changes  do  not,  as  a  rule,  occur  uniformly 
in  the  affected  muscles,  but  some  parts  are  affected  earlier  and  more 
markedly  than  others.     The  atrophied  muscle  may  be  replaced  by  fat. 

Progressive  muscular  atrophy  is  apt  to  commence  in  the  small  muscles 
of  the  extremities,  in  many  cases  in  the  muscles  of  the  ball  of  the  thumb. 
It  may  commence  in  the  muscles  of  the  shoulder,  the  arms,  or  the  back. 
It  may  have  a  continuous  extension,  or  it  may  jump  single  muscles  or 
groups  of  muscles.  Death  may  be  induced  by  the  affection  of  the 
muscles  of  respiration  or  deglutition. 

The  causes  of  this  lesion  are  in  many  cases  unknown,  and  there  a 
considerable  lack  of  unanimity  of  opinion  as  to  whether  it  is  primarily  a 


-IDC  multiple  iMunuu. 

disease  of  the  muscles  or  of  the  nervous  system.  In  a  considerable 
proportion  of  cases  the  muscle  lesion  is  associated  with  atrophy  of  the 
ganglion  cells  in  the  anterior  cornua  of  the  spinal  cord  and  the  develop- 
ment of  connective  tissue  about  them.  See  for  the  relationship  between 
nerve  lesions  and  special  groups  of  muscle  the  chapter  devoted  to  Dis- 
eases of  the  Nervous  System.  In  other  cases  these  changes  in  tbe  cord 
may  apparently  be  absent. 

Muscle  atrophy  is  sometimes  accompanied  by  atrophy  of  the  nen-es 
which  are  distributed  to  tbe  muscles,  and  atrophy  of  the  anterior  roots 
has  been  described. 

It  is  probable  that  there  are  several  varieties  of  progressive  muscular 
atrophy,  which  our  present  knowledge  does  not  enable  us  clearly  to  dis- 
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tlnguish.  Muscular  atrophy  in  some  cases  follows  overstraining  of  groups 
of  muscles,  or  injuries,  and  may  occur  as  one  of  the  sequelae  of  typhoid 
fever  and  diphtheria. 

Hypertrophy. — ^True  hypertrophy  of  muscle  as  a  pathological  con- 
dition is  rare,  but  it  has  been  described  in  a  few  cases.  It  is  usually 
confined  to  circumscribed  groups  of  muscles.  On  microscopical  exam- 
ination the  diameter  of  the  fibres  is  increased,  sometimes  considerably, 
though  not  uniformly.  The  transverse  striation  is  unaltered  and  the 
muscle  nuclei  are  in  some  cases  enlarged.  The  cause  of  the  change  is 
unknown. 

Atrophia  Musctilonim  lipomatosa  (Pseudo  -hypertrophy  of  the  Muscles) . 
— In  some  cases,  hand-in-hand  with  the  production  of  new  connective 
tissue  in  the  muscles  and  the  atrophy  of  the  muscle  fibres,  or  after  these 
changes  have  made  considerable  progress,  there  occurs  a  development  of 
fat  tissue  between  the  fibres  (Fig.  609)  which  may  prevent  any  apparent 
diminution  in  the  size  of  the  muscles,  or  in  some  cases  may  even  give 
them  the  appearance  of  a  great  increase  in  size.  This  condition  is  of 
most  frequent  occurrence  in  children,  and  is  most  apt  to  appear  in  the 
gastrocnemii  muscles.  In  the  upper  extremities  the  deltoid  and  triceps 
are  most  frequently  involved.  The  lesion  may  be  symmetrical,  affecting 
similar  muscles  on  both  sides  of  the  body,  or  it  may  be  unilateral.  Parts 
of  muscle  bellies  may  be  affected. 

The  cause  of  this  form  of  atrophy  is  not  definitely  known.  Various 
lesions  of  the  spinal  cord  have  been  described  as  occurring  with  it;  but, 
in  many  cases  at  least,  alterations  of  the  nervous  system  cannot  be 
detected.  The  writer  has  described  a  case^  in  which  this  lesion  was 
marked  in  the  gastrccnemii  in  connection  with  multiple  false  neuromata. 

DEGENERATION. 

Albuminous  Degeneration  of  striated  muscle  occurs  as  a  mark  of  toxae- 
mia in  acute  infectious  diseases,  and  may  lead  to  fatty  degeneration. 

Fatty  Degeneration,  with  greater  or  less  destruction  of  the  muscles, 
may  commence  with  a  simple  swelling  and  fine  granulation  of  the  fibres. 
As  the  process  goes  on,  smaller  and  larger  fat  droplets  appear  in  the  con- 
tractile substance,  which  loses  its  striations  and  becomes  friable,  and  may 
be  entirely  destroyed,  leaving  within  the  sarcolemma  a  mass  of  fatty 
detritus  which  may  finally  be  absorbed  and  disappear.  This  alteration 
may  occur  in  acute  parenchymatous  myositis  in  connection  with  various 
forms  of  atrophy,  in  prolonged  exhausting  diseases,  and  in  phosphorus 
poisoning. 

Fatty  Infiltration  of  the  muscle  may  occur  in  obesity  and  in  alcoholics. 

HyaUne  Degeneration. — Under  a  variety  of  conditions  the  muscle 
fibres  undergo  a  series  of  changes,  leading  to  their  conversion  into  a  trans- 
lucent, highly  refractile  material,  somewhat  resembling  amyloid,  but  not 
giving  its  microchemical  reactions,  and  apparently  more  nearly  allied  to 
hyaline  material.     The  lesion  in  the  muscle  which  we  are  considering  is 

»  Prudden^  Am.  Jour,  of  Med.  Sci.,  July,  1880.  p.  134. 
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often  called  waxy  degeneration,  from  the  peculiar  appearances  which  the 
muscles  present.'  When  the  lesion  is  far  advanced  and  extensive  the 
musclea  are  brittle  and  have  a  grayish-yellow,  translucent  appearance. 
Microscopical  examination  of  various  stages  of  hyaline  degeneration  of 
muscle  shows  that  the  contractile  substance  of  the  fibres  becomes  at  firat 
swollen  and  granular,  and  gradually  converted  into  hyaline  mateiiat 
which  may  present  the  outlines  of  the  swollen  fibres,  but  is  more  fre- 
quently broken  into  larger  and  smaller  shapeless  clumps  (Fig.  610), 
which  may  disintegrate  and  finally  be  absorbed.  Hand-in-hand  with 
these  changes  there  usually  occurs  an  increase  in  the  interfibrillar  con- 
nective tissue,  and  in  certain  cases  there  may  be  a  proliferation  of  the 
muscle  nuclei  and  a  new  formation  of  variously  shaped  cells  within  the 
sarcolenima  which  lead  to  the  regeneration  of  the  fibres.     As  a  result  of 
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the  brittlenesB  of  the  degenerated  muscles  they  are  apt  to  rupture,  and  in 
this  way  hjemorrhage  may  occur. 

This  form  of  degeneration  may  occur  in.  progressive  muscular  atrophy, 
in  various  infectious  diseases,  in  trichinosis,  with  local  inflammation, 
injuries,  freezing,  etc.  It  is,  however,  most  marked  and  frequent  in 
typhoid  fever.  In  this  disease  the  rectus  abdominis  and  the  abductors 
of  the  thigh  are  most  frequently  affected. 

Experimental  investigations  have  shown  that,  under  certain  condi- 
tions, very  similar  appearances  may  be  produced  in  the  muscles  by  post- 
mortem changes.  Various  changes — some  of  them  necrotic — are  at 
present  included  under  the  name  "  hyaline  degeneration  of  the  muscles." 

True  amyloid  degeneration  is  rare. 

Hoen  has  described  a  peculiar  degeneration  with  atrophy  of  the  rtn- 
ated  muscle  of  the  uvula,  in  which  a  series  of  bleb-like  structures  fonn 
along  the  fibres,  which  they  may  finally  replace.' 

Calcification  of  muscle  is  of  rare  occurrence. 

Serous  or  Hydropic  Infiltration  of  muscle  fibres  occurs  under  various 
conditions  in  association  with  other  lesions.  Larger  and  smaller  spaces 
filled  with  clear  fluid  are  present  between  the  fibres  and  often  over  small 
areas  largely  replacing  them.  Such  fluid-filled  spaces  are  often  called 
vacuoles. 

>  For  a  study  of  Ihe  so-called  waxy  or  Zwiker'e  deceDeratkm  ol  miucle  lea  Thoma.  Vircli.  ArL 
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INJURIES,  HAEMORRHAGE,  AND  INFARCTION. 

Wounds  and  Rupture. — When  the  muscle  fibres  are  severed  by  wouDds 
or  rupture  there  is  more  or  less  degeneration  of  the  divided  fibres,  aod 
the  wound  may  heal  by  the  production  of  granulation  tissue,  which 
gradually  becomes  converted  into  cicatricial  tissue,  thus  binding  the 
severed  parts  together.  In  some  cases  there  is  a  moderate  new  formation 
of  muscle  fibres  (see  p.  70).  When  the  wound  does  not  gape,  so  that 
the  severed  ends  are  not  much  separated,  there  may  be,  it  would  seem, 
a  direct  re-establishment  of  muscular  continuity  by  new  development 
of  muscle,  without  the  formation  of  much  new  connective  tissue. 

Haemorrhage. — This  may  occur  as  a  result  of  mechanical  injury;  from 
rupture  of  the  fibres  by  convulsive  contraction,  as  in  tetanus;  or  it  may 
occur  when  the  muscle  fibres  are  degenerated,  as  in  typhoid  fever;  or  in 
connection  with  certain  general  diseases,  as  scurvy,  purpura,  hsemor- 
rhagic  diathesis,  septicaemia,  etc.     The  blood  is  usually  readily  absorbed. 

Embolic  Infarction  of  Muscles  in  connection  with  heart  disease  has  been 
described  in  a  few  cases,  but  it  is  rare. 

INFLAMMATION.     (Myositis.) 

Suppurative  Myositis. — In  the  early  stages  of  this  lesion  the  muscle  is 
hyperaemic  and  oedematous,  and  the  interstitial  tissue  more  or  less  infil- 
trated with  small  spheroidal  cells.  If  the  inflammation  becomes  intense 
there  may  be  an  excessive  accumulation  of  pus  cells,  either  diffusely  in 
the  interstitial  tissue  or  in  larger  and  smaller  masses.  Hand-in-hand 
with  this  cell  accumulation  occur  degenerative  changes  in  the  muscle 
fibres.  By  pressure  their  nutrition  is  interfered  with  and  they  undergo 
granular,  fatty,  or  hyaline  degeneration  and  necrosis.  They  may  com- 
pletely disintegrate;  or  gangrene  may  occur,  so  that  larger  and  smaller 
masses  of  the  infiltrated  muscle  tissue  become  soft,  foul-smelling,  and 
converted  into  a  mass  of  detritus  in  which  but  little  muscle  structure  can 
be  detected  and  which  is  intermingled  with  bacteria.  In  other  cases 
there  may  be  larger  and  smaller  abscesses  formed  in  the  muscle,  the 
muscle  tissue  itself  degenerating  and  disintegrating  and  mixing  with  the 
contents  of  the  abscess,  or  being  pressed  aside  and  undergoing  atrophy 
and  degeneration.  In  some  cases,  when  the  formation  of  pus  is  moderate 
in  amount,  there  may  be  restoration  by  formation  of  granulation  tissue 
between  the  muscle  fibres.  This  becomes  gradually  dense  and  firm,  and 
leads  to  more  or  less  atrophy  of  the  muscle  fibres  by  pressure. 

Acute  suppurative  myositis  may  accompany  wounds;  it  is  very  com- 
mon in  acute  phlegmonous  inflammations  of  the  skin  and  subcutaneous 
tissue,  and  often  accompanies  acute  infectious  diseases,  such  as  pyaemia, 
erysipelas,  etc.  In  most  cases  the  "pyogenic"  cocci  are  present  in  the 
inflammatory  foci.  Suppuration  not  infrequently  occurs  in  the  muscles 
adjacent  to  the  inflamed  mucous  membranes  in  diphtheria. 

Chronic  Interstitial  Myositis. — In  this  lesion  there  is  a  new  formation 
of  connective  tissue  between  the  muscle  fibres  or  bundles  of  fibres.     This 
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new  tisBue  is  sometimes  very  cellular,  resembling  granulation  tissue,  and 
this  probably  represents  an  early  stage  of  the  disease.     In  other  coses 
(Fig.  611)  dense  cicatricial  tissue  crowds  the  muscle  fibres  apart,  inducing 
atrophy  in  them,  and  sometimes  leading  to  their  complete  deBtruction. 
This  lesion,  the  analogue  of  chronic  interstitial  inflammation  of  the 
internal  organs,  may  occur  in  muscles  which  are  adjacent  to  other  parts 
which  are  the  seat  of  chronic  inflam- 
matory processes.     It  may  occur  Id 
muscles   which   are   not   used.     The 
new  formation  of  fibrous  tissue  seems 
in    some    cases   to    be   secondary  to 
atrophy  of  the  muscle  fibres.     In  this 
case  it  would  more  appropriately  be 
called  replacement  fibrous  hyperplasia. 
Primary     Acute     Polymyositis.  — 
Several  observers'  have  described  an 
affection    involving   swelling   of   the 
muscles  of  the  tongue,  back,  and  ex- 
tremities, with  local  pain  and  fever. 
Fia.  811.— Chronic  iHTiHsriTtAL  Miobitis.     Voluntary    movemeut    is    lost,   and 
various  rashes  of  the  skin  may  occur. 
The   muscles   are  brownish  red  in  color,  with  yellowish  spots,  hemor- 
rhages and  foci  of  hemorrhagic  exudates.     There  is  degeneration  of  the 
muscle  fibres.     The  disease  may  become  chronic  and  may  be  fatal.    It 
is  believed  to  be  due  to  some  form  of  auto-intoxication  and  may  be 
associated  with  some  infective  focus  in  the  body. 

Hyositis  Ossificans. — Under  conditions  and  for  reasons  which  we  do 
not  understand,  there  occasionally  occurs,  usually  in  young  persons,  a 
new  formation  of  bone  in  the  interstitial  tissue  of  muscles,  and  in  ten- 
dons, ligaments,  fascice,  and  aponeuroses.  This  sometimes  apparently 
starts  as  outgrowths  from  the  periosteum,  sometimes  not.  The  bone  for- 
mations are  apt  to  commence  about  the  neck  and  back,  and  may  become 
very  widespread  over  the  body.  So  far  as  the  muscles  are  concerned, 
there  is  usually  an  increase  of  connective  tissue  between  the  fibres  and 
bundles,  in  which  new  bone  is  formed,  usually  in  elongated  and  some- 
times in  spicula-like  masses.  The  muscle  fibres  undergo  secondarily  a 
greater  or  less  degree  of  atrophy  or  degeneration.  There  may  be  fatty 
infiltration  between  the  fibres,  and  various  deformities  are  produced  by 
the  shortening  and  progressive  immobility  of  the  affected  parts. 

^\'hiIe  the  above  disease  is  a  progressive  and  frequently  a  general  one, 
there  may  be  new  formation  of  bone  in  muscle  as  a  result  of  prolonged 
or  repeated  mechanical  irritation.  Thus  in  the  adductors  of  the  thigh 
in  persons  who  are  constantly  in  the  saddle,  or  in  the  deltoid  muscle  of 
soldiers  who  strike  this  part  with  their  weapons  in  drill,  there  may  be  a 
formation  of  bone.' 

1  See  I.  Slriimpd.  Deutsch  Zeiia.  f.  Nervenkr.  i,.  47S,  ISBl.   ~ 

■  Caiuull  for  s  study  o(  mynito  osailictuu  Dt  WiU.  Am.  Jour.  Hed.  ScL,  mL  oat.,  p  IM.  OOO. 
bibl.     Also  Gruber.  Palh.  d.  circ.  MuakelverknAcheruiic,  Jean.  1013. 
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Tuberculous  and  Syphilitic  Inflammation  in  the  muscle  is  of  occasional 
occurrence;  the  active  processes  are  in  the  connective  tissue  and  blood- 
vessels, the  muscle  fibres  being  secondarily  involved  in  various  phases 
of  atrophy  and  degeneration. 

TUMORS. 

Tumors  of  muscles  usually  develop  in  the  connective  tissue.  Fibromai 
chondromai  lipoma,  myxoma,  sarcoma,  angioma,  may  occur  as  primary 
tumors.  Carcinoma  and  sarcoma  may  occur  secondarily  in  the  muscles 
as  a  result  of  local  extension  from  adjacent  parts. 

Rhabdomyoma  has  been  described.  Teratomata  and  dermoid  cysts 
are  recorded  in  various  parts  of  the  body. 

The  muscle  fibres  are,  as  a  rule,  only  secondarily  affected  by  pressure, 
etc.,  in  tumors  of  the  muscles,  but  there  exist  observations  which  point 
to  the  possibility  of  a  proliferation  of  the  muscle  nuclei  and  the  new 
formation  from  them  of  cells  which  may  take  part  in  the  growth  of  the 
tumor. 

PARASITES. 

Trichina  spiralis  is  the  most  common  parasite  in  the  muscles. 
Cysticercus  cellulosas  and  echinococcus  occasionally  occur. 


CHAPTER  XIII. 

THE  BONES  AND  JOINTS. 

The  Bones. 

General  Consideratioiis. 

It  is  not  possible  to  understand  the  changes  which  the  bones  suffer  under  various 
abnormal  conditions  unless  one  hold  in  mind  the  physical  peculiarities  of  this  form 
of  connective  tissue  and  the  ways  in  which  the  dense  and  solid  structure  is  formed  and 
dissolved  and  re-formed  in  the  processes  of  development  and  growth. 

The  striking  character  of  bone,  adapting  it  to  serve  as  the  supporting  framework 
of  the  body,  is  the  association  with  its  organic  tissue  of  the  inorganic  salts  to  which  its 
hardness  and  solidity  are  due.  But  it  is  through  connective  tissue  and  blood-vessels 
and  under  the  agency  of  highly  specialized  connective-tissue  cells — osteoblasts,  the 
"bone-builders,"  and  osteoclastsy  the  "bone-destroyers" — that  bone  is  formed  and 
during  development  ceaselessly  remoulded. 

The  general  pathological  processes  to  be  observed  in  bone  are  fundamentally 
similar  to  those  in  the  soft  tissues  of  the  body.  Disturbance  of  circulation,  necrods, 
degenerations,  inflammation,  tumors,  etc.,  are  common.  But  their  manifestations 
are  modified  and  often  complicated  and  obscured  in  part  by  the  hardness  of  texture 
and  durability  of  bone  tissue,  but  especially  by  the  frequent  participation  in  the  proc- 
esses of  the  osteoblasts  and  osteoclasts.  Thus  it  is  that  many  abnormalities  of  the 
circulation  and  their  sequelse  are  less  obvious  than  in  other  parts  of  the  body;  necrosis 
is  masked  by  appearances  due  to  the  inorganic  elements;  while  many  of  the  inflamma- 
tory processes  and  tumors  are  regularly  associated  with  the  formation  of  new  bone  in 
such  mass  and  measure  as  often  to  distort  the  bone  and  greatly  complicate  the 
picture. 

We  have  seen  repeatedly,  in  studying  the  lesions  of  the  viscera,  that  the  primary 
pathological  processes  are  modified  by  the  tissues  in  which  they  are  active.  Attention 
is  called  to  this  feature  in  bone  only  because  the  regional  modification  is  here  so  con- 
spicuously marked  that  one  is  liable  to  lose  sight  of  the  unity  of  the  fundamental  proc- 
esses and  erroneously  to  conceive  that  the  pathology  of  bone  is  a  subject  especially 
obscure,  complex,  and  difl&cult. 

ATROPHY. 

In  old  age  or  in  senile  conditions  the  bones  may  become  atrophied  by 
the  absorption  of  the  hard  tissue;  the  medullary  spaces  are  enlarged,  the 
marrow  tissue  contains  less  fat  and  is  often  gelatinous  in  appearance. 
As  the  result  of  the  lack  of  use,  or  from  any  cause  which  interferes  with 
the  nutrition,  of  the  bone,  such  as  paralysis  of  the  muscles  or  diseases  of 
the  joints,  the  bones  may  atrophy.  In  connection  with  atrophy  there 
may  be  an  ossifying  periostitis,  which  results  in  making  the  bone  look 
even  larger  than  normal.  Many  of  the  conditions  commonly  called 
atrophy,  such  as  the  erosions  of  bones  from  tumors,  etc.,  pressing  upon 
them,  are  really  due  to  a  rarefying  osteitis. 

The  bones,  sometimes  as  the  result  of  atrophy  and  sometimes  from 
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causes  which  we  do  not  understand,  are  unusually  brittle  and  liable  to 
fracture.     This  disposition  is  sometimes  hereditary. 

DISTURBANCES  OF  CIRCULATION. 

Hyperaemia. — The  evidences  of  this  condition  are  most  marked  to  the 
naked  eye  in  the  periosteum  and  marrow,  particularly  the  latter.  It 
should  be  remembered  that  the  color  of  the  marrow  varies  considerably 
under  normal  conditions,  depending  upon  age  and  situation.  In  the 
bones  of  the  foetus  and  new-born,  and  near  the  areas  of  ossification  in  the 
young,  the  marrow  is  normally  red  in  color.  In  adults  the  marrow  of 
the  sternum,  vertebrae,  and  to  a  certain  degree  that  of  the  ribs,  pelvic 
and  cranial  bones,  and  the  cancellous  tissue  of  the  ends  of  the  long  bones, 
is  red  or  reddish  in  color.  But  most  of  the  marrow,  particularly  in  long 
bones  of  the  extremities,  is  of  a  yellowish  color  from  the  presence  of  fat 
cells.  In  old  age  the  marrow  of  all  the  bones  is  apt  to  become  pale,  and 
to  assume  a  more  or  less  translucent  or  gelatinous  appearance. 

Hyperaemia  usually  occurs  as  an  accompaniment  of  inflammatory 
processes  in  the  bone,  and,  when  marked,  the  periosteum  is  swollen  and 
red;  the  compact  bone  tissue  may  appear  of  a  pink  color,  while  the  mar- 
row, either  by  an  increase  in  the  amount  of  blood  or  absorption  of  its  fat, 
or  both,  may  be  of  a  uniform  dark  red  color  or  mottled  with  red  and  red- 
dish yellow. 

Haemorrhage. — This  may  be  due  to  wounds  and  injuries  and  to  inflam- 
matory and  necrotic  processes;  and  small  haemorrhages  often  accompany 
scurvy,  purpura,  haemorrhagic  diathesis,  and  leukaemia.  Clots  of  con- 
siderable size  between  the  periosteum  and  bone  may  lead  to  serious 
consequences,  by  cutting  off  the  blood  supply  to  the  superficial  layers  of 
bone  and  thus  inducing  necrosis.  But  when  not  infected  through  con- 
tact with  the  air  or  by  micro-organisms  brought  in  the  circulatory  chan- 
nels, they  are  not  usually  of  serious  import,  and  are  readily  absorbed. 
The  smaller  haemorrhages  of  the  medulla  are  not  usually  of  much  impor- 
tance. The  decomposition  of  the  extravasated  blood  may  lead  to  exten- 
sive pigmentation  of  the  marrow. 

HEALING  OF  WOUNDS  AND  FRACTURES  OF  BONE. 

The  process  of  healing  in  bone  after  fracture  is,  when  uncomplicated, 
at  first  similar  to  that  in  ordinary  healing  by  second  intention  in  fibrous 
tissue.  The  blood  and  other  exudates  and  the  tissue  detritus  are  gradu- 
ally absorbed  or  disposed  of  by  phagocytes.  By  a  proliferation  of  con- 
nective-tissue cells  of  the  region  a  larger  or  smaller  mass  of  granulation 
tissue  is  formed.  This  granulation  tissue  does  not  at  first  differ  in 
appearance  from  similar  tissue  formed  elsewhere  in  the  body  in  the 
reparative  phase  of  exudative  inflammation. 

But  soon,  under  the  influence  of  the  specially  endowed  cells  of  car- 
tilage or  bone  or  periosteum,  but  especially  of  the  latter,  the  granulation 
tissue  becomes  partially  replaced  either  by  cartilage  or  by  a  substance 
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resembling  bone  in  general  appearance  but  containing  no  lime  salts. 
This  is  called  osteoid  tissue.  These  new  cartilaginous  and  osteoid  tissues, 
which  are  apt  to  occur  together,  form  irregular  masses  or  interlacing 
trabeculffi  in  the  stroma  of  granulation  tissue.  This  constitutes  the 
so-called  callus  of  a  uniting  fracture  (Fig.  612). 

Gradually  the  osteoid  tissue  becomes  osseous,  and  the  masses  of  car- 
tilage and  bands  of  periosteal  and  other  fibrous  tissue,  under  transfor- 
mations practically  identical  with  those  seen  in  normal  development,  are 
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converted  into  bone.  Thus  by  gradual  absorption  and  re-formation  of 
bone  in  the  usually  redundant  provisional  bony  mass,  and  by  the  re- 
adjustment of  its  vascular  channels,  the  healing,  with  more  or  less  per- 
manent deformity,  is  accomplished  (Fig,  613), 

If  the  conditions  be  not  favorable,  the  healing  of  fractures  may  occur 
only  by  fibrous-tissue  formation,  so  that  so-called  "false  joints"  may 
result.  The  healing  of  other  injuries  and  losses  of  substance  occurs  hy  » 
process  similar  to  that  described  in  Fractures. 

DTFLAHHATIOIT. 

The  periosteum,  bone  tissue,  and  marrow  are  so  intimately  connected 
that  in  most  cases  they  all  share  to  a  greater  or  less  degree  in  the  patholog- 
ical alterations  of  the  bones.  But  as  sometimes  one,  sometimes  another 
is  most  markedly  involved,  it  is  convenient  to  consider  separately  here 
the  inflammatory  changes  by  which  they  are  respectively  affected. 

Pebiostitis. 

Exudative  inflammation  in  the  periosteum  is  essentially  similar  to 
this  form  of  inflammation  in  other  parts  of  the  body,  except  as  it  is 
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modified  by  the  relationships  of  the  connective  tissue  and  blood-vessels 
to  the  hard  bone  and  by  the  presence  and  performances  of  the  osteoblasts 
and  associated  cells  peculiar  to  bone. 

We  may  distinguish  several  forms  of  periosteal  inflammation. 

ample  Exudative  Periostitis.— This  is 
apt  to  occur  in  children  and  ill-nourished 
persons  after  comparatively  slight  injuries 
or  from  unknown  causes.  The  periosteum 
is  thickened,  succulent,  congested,  and  more 
or  less  abundantly  infiltrated  with  leuco- 
cytes. It  becomes  less  firmly  adherent  to 
the  bone,  and  the  cells  of  the  inner  layers 
are  increased  in  number.  This  form  of  in- 
flammation may  terminate  in  resolution,  or 
it  may  lead  to  other  phases  of  infiamma- 
tion. 

Suppurative  Periostitis  may  begin  as  a 
simple  or  as  a  purulent  inflammation.  The 
pus  is  formed  in  the  inner  layers  of  the 
periosteum,  and  between  it  and  the  bone. 
The  outer  layers  of  the  periosteum  may  for 
a  long  time  resist  the  suppurative  process. 
The  accumulation  of  pus  may  dissect  up 
the  membrane  from  the  bone  and  leave  the 
latter  bare.  The  pus  thus  formed  may 
remain  in  this  position  for  a  long  time, 
or  be  absorbed,  or  become  dry  and  cheesy, 
or  it  may  burst  through  the  periosteum 
and  lead  to  abscesses  in  the  soft  parts.  The 
bone,  if  separated  from  its  nutrient  mem- 
brane, may  remain  unchanged,  but  more 
frequently  necrosis  or  inflammation  of  the 
bone  itself  is  set  up.  Such  a  periostitis 
may  run  an  acute  or  a  chronic  course. 

Sometimes  suppurative  periostitis  takes 
on  a  very  malignant  character.  Pus  is 
developed  not  only  beneath,  but  in  the 
periosteum,  forming  abscesses  filled  with 
foul  pus.  The  periosteum  breaks  down 
into  a  gangrenous,  foul-smelling  mass,  and 
the  same  change  may  afFect  the  neighbor- 
ing soft  parts.  The  medulla  may  take 
part  in  the  process  and  break  down  into  ^  .  ^  „ 
a   purulent,   gangrenous    mass.       Hfemor-  FiucrnmE. 

rhages  may  complicate  the  process.  The  shows  mdundsat  haid  bone  about 
lymph-nodes    are    enlarged    and    swollen; 

abscesses  may  form  in  different  parts  of  the  body,  and  the  patient 
may   die   with  the    symptoms    of   pyiemia.      The   Streptococcus    and 
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Staphylococcus  pyogenes  are  the  most  common  excitants  of  suppurative 
inflammation. 

Fibrous  Periostitis. — This  is  a  chronic  form  of  inflammation,  resulting 


Ad  irregular  layer  of  oew  bone  ifl  foiraing  between  the  perioat«uni  and  the  old  booe. 

in  the  development  of  new  connective  tissue  in  the  periosteum,  which 
becomes  thickened  and  dense  and  usually  adherent  to  the  bone.  It 
may  accompany  necrosis,  chronic  arthritis,  chronic  ulcers  of  adjacent  soft 


parts,  etc. ,  or  follow  simple  acute  periostitis.     It  may  in  many  instances 
be  regarded  as  a  conservative  process  of  a  reparative  character. 

Osdfying  Periostitis  results  in  the  formation  of  new  bone  from  the 
inner  layers  of  the  periosteum.     The  masses  of  new-formed  bone,  called 
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osteophytes,  are  of  variable  shape.  They  may  form  a  thin,  velvet-like, 
villous  layer  (Fig,  614);  or  they  are  little  spicula;  or  form  larger,  rounded 
masses  (see  Figs.  615,  616),  or  a  thick,  uniform  layer  extending  over  a 
large  part  of  a  bone.  They  may  have  at  first  a  loose,  spongy  character, 
and  be  loosely  connected  with  the  old  bone.  But  layers  of  compact 
bone  tissue  are  formed  within  their  medullary  spaces,  which  are  thus 
gradually  filled,  and  they  join  the  old  bone  so  that  they  may  finally 
become  as  compact  as  or  even  more  compact  and  dense  than  normal  bone 
to  which  they  are  firmly  joined.  The  hyperostoses  and  exostoses  thus 
formed  may  remain  indefinitely,  or  they  may  gradually  become  smaller 
and  finally  disappear  by  absorption. 

The  formation  of  new  bone  in  osteophytes,  or  in  dense  masses  beneath 
and  in  the  periosteum,  occurs  as  a  result  of  the  same  process  by  which 
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of  Ihe  abaft 

bone  tissue  is  normally  formed.  Certain  large  cells,  called  osteoblasts, 
which  are  developed  along  the  blood-vessels,  possess  the  power  of  deposit- 
ing osseous  basement  substance  about  themselves  and  so  forming  bone. 
Pathological  new  formation  of  bone  differs  from  the  normal  mainly  in 
the  conditions  under  which  it  occurs.  The  blood-vessels  around  which 
the  pathological  bone  develops,  which  grow  out  of  the  old  vessels,  as  in 
the  formation  of  granulation  tissue,  are  irregularly  arranged  and  subject 
to  a  variety  of  abnormal  nutritive  and  mechanical  conditions,  so  that  the 
new  bone  is  usually  formed,  not  in  a  series  of  definite  systems  of  lamelbe, 
but,  as  above  described,  in  a  series  of  irregular  spicula  or  masses.  More- 
over, as  will  be  seen  further  on,  the  conditions  under  which  it  is  formed 
being  liable  to  change,  and  itself  serving  no  definite  purpose  in  the  econ- 
omy, as  does  normal  bone,  pathological  new  bone  is  often  an  evanescent 
Btructure,     The  details  of  its  disappearance  will  be  considered  below. 

Syphilitic  Periostitis. — Syphilitic  infection  may  excite  simple,  purulent, 
fibrous,  or  ossifying  periostitis.  In  addition  to  these,  gummata  (see  p. 
273)  may  be  developed  in  the  periosteum  in  long  bones,  most  frequently 
on  the  shaft,  where  they  cause  a  more  or  less  fusiform  enlargement.     The 
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bone  tissue  is  usually  more  or  lese  involved.  The  gummata  may  be 
absorbed  or  undergo  cheesy  degeneration,  or  be  converted  into  fibrous 
tissue,  or  they  may  suppurate. 

Tuberculous  PniostitiB. — In  badly  nourished  persona,  particularly  b 
children  suffering  from  scrofula,  chronic  purulent  periostitis  is  frequently 
associated  with  the  formation  of  miliary  tubercles.  Abscesses  are  apt 
to  form  in  and  about  the  periosteum,  and  when  these  are  evacuated  gran- 


ulation tissue  may  develop,  which  contains  miliary  tubercles.  The  bone 
is  apt  to  be  involved  to  a  greater  or  less  extent  in  simple  imflammatory 
changes  or  caries  (Fig.  617). 

Osteitis. 

Inflammation  in  bone  tissue  is  dependent  upon  the  same  general  con- 
ditions and  presents  essentially  the  same  series  of  phenomena  as  inflam- 
mation in  other  kinds  of  connective  tissue.  But  it  is  variously  modified 
in  detail  by  the  peculiar  dense  and  unyielding  character  of  the  basement 
substance,  and  by  certain  peculiarities  of  the  blood  supply  and  the 
nutritive  conditions  under  which  the  cells  are  placed.  In  simple  exuda- 
tive inflammation  the  same  series  of  phenomena  occur  in  connection  with 
the  blood-vessels  as  in  other  tissues,  resulting  in  the  production  of  serum, 
fibrin,  and  pus;  but  the  extent  to  which  these  changes  occur  is  limited 
and  constantly  associated  with  striking  alterations  in  the  basem«it 
substance.  It  is  these  secondary  alterations  in  the  basement  substance 
which  lend  to  inflammations  of  the  bone  their  moat  peculiar  characters, 
and  in  the  prominence  which  these  assume  the  fundamental  alterations 
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are  often  overlooked.  The  most  common  of  these  secondary  alterations 
are  the  absorption  of  the  hard  basement  substance  of  the  bone  and 
its  replacement  by,  or  conversion  into,  young  cellular  forms  of  fibrillar 
connective  tissue  or  marrow  tissue,  and  the  new  formation,  in  a  more  or 
less  typical  manner,  of  new  bone.  The  active  phenomena  of  inflamma- 
tion in  bone  are  processes  of  the  blood-vessels  and  the  fibrillar  connective 
tissue  as  in  other  parts  of  the  body,  the  hard  bone  substance  being  in  a 
certain  sense  only  secondarily  involved. 

As  a  result  of  these  changes  the  bone  in  simple  inflammation  becomes 
more  vascular,  and,  with  an  increase  of  spaces  filled  with  granulation  or 
marrow  tissue,  more  porous  at  the  expense  of  the  dense  basement  sub- 
stance. Or  the  new-formed  spaces  or  the  marrow  cavities  may  be  con- 
stantly encroached  upon  by  the  new-formed  bone  lamelke  on  their  waUs, 
so  that  the  bone  becomes  more  compact.  Or,  as  is  frequently  the  case, 
both  series  of  changes  occur  either  simultaneously  in  different  regions, 
or  follow  each  other,  or  are  variously  associated  together.  Very  fre- 
quently one  or  the  other  of  the  opposing  forms  of  alteration  predominates, 
or  one  may  occur  to  the  exclusion  of  the  other,  and  we  thus  have  two 
prominent  forms  of  inflammation,  which  are  called  rarefying  osteitis 
or  osteO'porosiSj  and  condensing  osteitis  or  osteosclerosis.  The  exact 
nature  of  the  conditions  under  which  in  one  case  the  bones  become 
more,  in  another  less  dense,  we  do  not  understand.  Nor  is  the  exact  way 
in  which  the  osteoclasts  dissolve  hard  bone,  or  the  osteoblasts  secure  and 
deposit  inorganic  salts  and  become  bone  cells  as  yet  clear.  Furthermore, 
more  or  less  characteristic  forms  of  inflammation  may  occur  in  syphilitic 
and  tuberculous  infection — syphilitic  and  tvbercvlous  osteitis.  Suppura- 
tive osteitis  may  further  complicate  the  process. 

In  addition  to  these  phases  of  inflammation  in  bone,  and  in  frequent 
and  varied  association  with  them,  there  are  alterations  leading  to  death 
and  destruction  of  bone  tissue  in  greater  or  less  amount,  which  are  called 
caries  and  necrosis.  Finally,  any  of  these  forms,  and  commonly  several 
of  them  at  once,  are  variously  associated  with  more  or  less  marked 
inflammatory  or  degenerative  alterations  of  the  periosteum  on  the  one 
hand,  or  the  marrow  tissue  on  the  other,  or  of  both  combined. 

Rarefying  Osteitis  consists  essentially  in  the  formation  in  the  marrow 
spaces.  Haversian  canals,  or  beneath  the  periosteum,  of  new,  very  cel- 
lular and  vascular  tissue,  resembling  granulation  of  young  marrow  tissue, 
under  whose  influence  the  basement  substance  of  the  bone  is  absorbed. 
This  absorption  of  the  bone  takes  place  largely  as  bone  is  absorbed  in 
normal  growth,  namely  under  the  influence  of  certain  large  cells,  which 
are  grouped  around  the  blood-vessels.  If  a  thin  section  of  bone  which 
is  undergoing  absorption  be  examined  (Fig.  618),  the  edges  of  the  bone 
which  border  on  the  vascular  surfaces  are  found  irregularly  indented  by 
deep  or  shallow  depressions,  sometimes  simple,  sometimes  quite  complex. 
These  are  called  Howship  's  lacunas  and  are  usually  filled  or  lined  by  larger 
and  smaller  granular,  frequently  multinuclear  cells — ^the  so-called  osteo- 
clasts. In  the  larger  lacunae  there  may  be  granulation  tissue  with  loops  of 
blood-vessels,  with  or  without  osteoclasts.     Under  the  influence  of  the 


884  THE    BONES    AND   JOINTS 

osteoclasts  or  of  the  new  vascular  tissue,  the  boue  is  gradually  ab- 
B  orbed. 

On  the  other  band,  there  may  be  irregular  branching  channels  through 
the  bone  across  the  lamellie,  which  appear  to  be  due  to  the  enlargement 
and  coalescence  of  the  lacume  and  canaliculi,  without  the  direct  influence 
of  blood-vessels  or  other  cells  than  the  fixed  cells  of  the  bone. 

The  tissue  which  replaces  the  absorbed  bone  may  be  very  rich  in 
small  spheroidal  cells,  or  it  may  be  more  or  less  fibrillar. 

As  a  result  of  this  process  irregular  islets  of  bone  tissue  may  be 
entirely  separated  from  adjacent  bone  and  surrounded  by  a  more  or  lesa 
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fibrillar  vascular  tissue;  this  is  most  apt  to  occur  !n  the  cancellous  tissue. 
Or  the  originally  compact  bone  may  become  traversed  by  a  series  of  larger 
and  smaller  irregular  branching,  communicating  channels  with  ragged 
walls.  These  progressive  alterations  may  cease,  and  be  succeeded  by  a 
new  formation  of  bone  along  the  edges  of  the  channels  or  cavities. 

Rarefying  osteitis  may  occur  as  an  independent  process  from  unknoini 
causes;  it  is  often  associated  with  scrofula,  with  diseases  of  the  joints, 
with  fractures  or  other  injuries  to  the  bone;  it  often  forms  a  predominant 
feature  in  tuberculous  inflammation  of  the  bones.  It  is  chiefly  by  a 
rarefying  osteitis  that  bone  tissue  is  eroded  and  destroyed  in  the  vicinity 
of  tumors,  aneurisraa,  etc.,  which  exert  pressure  on  the  bones.  By  the 
same  process  the  sharp  ends  of  fractured  bones  may  be  rounded  oS  as 
healing  proceeds. 

When  this  form  of  inflammation  occurs  in  cancellous  bone  tissue  the 
marrow  is  red  or  gelatinous,  and  the  bony  septa  may  disappear  altogether, 
so  that  in  extreme  cases  there  may  be,  instead  of  cancellous  bone,  a  mass 
of  granulation  tissue.     When  the  process  occurs  in  the  articular  estrem- 
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ity  of  a  bone  the  granulating  medulla  may  send  little  offshoots  through 
the  articular  cartilage.  These  may  become  fused  together  and  inflam- 
mation of  the  joint  may  follow.  The  walls  of  the  shafts  of  the  long 
bonea  may  be  converted  into  spongy  tissue.  If,  as  is  sometimes  the  case, 
an  ossifying  periostitis  occurs  at  the  same  time,  the  bone  is  thickened  but 
spongy;  or  sometimes  there  are  concentric  layers  of  compact  bone  tissue, 
separated  by  rarefied  bone. 

Condensing  Osteitis  (Osteo-sclerosls). — This  lesion  is  characterized  by 
the  new  formation  of  bone  in  the  walls  of  the  marrow  cavities  or  Haver- 
sian canals.  The  bone  ie  formed  under  the  influence  of  the  blood-vessels 
and  osteoblasts,  as  in  normal  bone  formation,  but  with  less  regularity. 
It  may  result  in  the  conversion  of  cancellous  tissue  into  compact  bone, 
in  the  filling  up  of  the  medullary  cavity  of  long  bones  with  more  or  less 
dense  bone  tissue.  The  compact  bone,  owing  to  the  filling  of  its  Haver- 
sian canals,  may  become  very  dense  and  ivory-like.     When  the  medullary 
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cavities  of  long  bones  are  involved  the  yellow  marrow  is  converted  into 
red  marrow  by  the  absorption  of  fat  and  increased  vascularity. 

Osteo-sclerosis  is  frequently  associated  with  ossifying  periostitis.  It 
often  follows  rarefying  osteitis,  and  then  the  Howship  's  lacunae  resulting 
from  the  original  absorption  process  may  be  filled  and  covered  in  with 
new  bone  lamellae  (Fig.  619).  It  is  apt  to  occur  in  connection  with 
necrosis  or  chronic  inflammation  of  adjacent  soft  parts,  and  is  then  a 
reparative  and  conservative  process,  but  it  sometimes  occurs  independ- 
ently under  unknown  conditions. 

Suppurative  Osteitis  (Abscess  of  Bone). — This  process  occurs  usually  in 
the  ends  of  the  long  bones,  and  is  associated  with  rarefying  osteitis.     As 
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the  bone  tissue  is  absorbed,  a  circumscribed  cavity  may  be  formed  in  the 
bone,  filled  with  pus  and  lined  with  granulation  tissue. 

Less  frequently  abscesses  are  formed  in  the  shaft  of  a  long  bone  by 
circumscribed  suppuration  of  the  medulla.  Such  abscesses  may  occur  in 
old  people  and  may  be  of  long  duration.  They  may  gradually  enlarge 
and  be  accompanied  by  an  ossifying  periostitis,  so  that  the  bone  is  ex- 
panded. The  abscesses  in  suppurative  osteitis  sometimes  develop  rapidly 
and  may  perforate.  On  the  other  hand,  instead  of  abscesses,  there  may 
be  a  diffuse  infiltration  with  pus  of  the  Haversian  canals  or  of  the  spaces 
formed  by  rarefying  osteitis  (see  Osteomyelitis,  below.) 

Osteomyelitis. — ^The  tissues  of  the  medulla  so  frequently  share  in  the 
inflammatory  processes  in  bone  that  many  conditions  described  as  osteitis 
are  really  osteomyelitis.  It  is  customary,  however,  to  reserve  the  latter 
name  for  those  cases  in  which  the  medulla  is  primarily  or  chiefly  involved. 

Acute  Infectious  Osteomyelitis. — This  may  occur  as  the  result  of 
a  local  injury  which  permits  the  access,  or  favors  the  development,  of 
pyogenic  micro-organisms;  it  may  be  metastatic,  resulting  from  the 
transportation  of  infectious  material  from  other  parts  of  the  body  in  septi- 
caBmia  and  pysemia,  in  typhoid  fever,  in  the  exanthematous  fevers,  and 
under  other  conditions;  or  it  may  occur  without  evidence  of  local  predis- 
position or  of  infectious  processes  in  other  parts  of  the  body. 

The  lesions  of  acute  infectious  osteomyelitis  are,  in  the  large  majority 
of  cases  at  least,  due  to  the  presence  and  action  of  the  pyogenic  cocci, 
the  Staphylococcus  pyogenes  and  the  Streptococcus  pyogenes,  and  in 
many  of  its  forms  it  may  be  regarded  as  one  of  the  phases  of  septicsemia 
or  septico-pysemia. 

While  the  lesions  vary  widely,  the  following  general  description  is 
applicable  to  a  considerable  proportion  of  the  cases: 

At  the  commencement  of  the  disease,  which  usually  begins  in  the  shaft 
of  one  of  the  long  bones,  there  are  hypersemia  and  oedema  of  the  medulla, 
so  that  if  the  bone  be  opened  the  marrow  is  soft  and  of  a  dark  red  color. 
A  diffuse  suppuration  now  rapidly  ensues,  and  the  marrow  becomes 
streaked  or  mottled  with  gray.  Occasionally,  though  not  often,  larger 
and  smaller  abscesses  may  form  in  the  marrow.  The  inflammatory  areas 
may  be  circumscribed;  or,  in  the  more  malignant  cases,  the  entire  mar- 
row may  become  rapidly  involved.  The  cancellous  tissue  of  one  or  both 
of  the  epiphyses  usually  becomes  affected.  The  disease,  however,  is 
not  commonly  confined  to  the  medullary  spaces.  The  periosteum 
becomes  oedematous  and  infiltrated  with  pus,  and  the  surrounding  soft 
parts  may  become  the  seat  of  intense  inflammatory  changes.  Abscesses 
of  the  periosteum  or  surrounding  tissues  are  apt  to  form.  As  a  result  of 
these  changes,  necrosis  of  greater  or  less  portions  of  the  bone  may  ensue 
with  the  formation  of  larger  or  smaller  sequestra  (see  p.  890).  The 
medullary  cavity  may  become  enlarged  as  pus  accumulates,  and  the  waD 
of  the  bone  may  be  broken  through,  permitting  the  discharge  of  pus 
outward.  Sometimes  several  bones  are  involved  at  once.  Secondary 
involvement  of  the  joints  is  very  frequent.  Here  there  may  be  only  a 
serous  or  purulent  exudation;  or  the  acute  and  destructive  inflammatory 
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process  may  extend  beneath  the  joint  and  produce  extensive  alterations. 
In  young  persona  the  epiphyses  very  frequently  become  separated  from 
the  shaft  by  the  destruction  of  the  cartilage  which  binds  them  together. 

In  the  severer  cases,  which  are  often  called,  par  excellence,  malignant 
osteomyelitis,  the  changes  may  be  very  rapid  and  destructive.  The 
medulla  is  disintegrated  and  gangrenous;  the  joints  are  soon  involved; 
necrosis  of  large  portions  of  the  bone,  sometimes  of  the  whole  shaft, 
occurs,  the  periosteum  and  surrounding  parts  become  gangrenous;  the 
veins  contain  thrombi,  and  pyEemic  infarctions  and  abscesses  may  form 
in  various  parts  of  the  body.' 

Chronic  Osteomyelitis. — In  prolonged  cases  of  osteomyelitis  there 
is  apt  to  be  more  or  less  ossifying  periostitis  and  osteo-sclerosis,  and 
fistula  may  form  in  the  bone,  through  which  the  exudates  are  discharged.' 


Tuberculous  Osteitts  is  primarily  a  tuberculous  inflammation  of  the 
soft  parts  of  bone  with  associated  rarefying  and  formative  processes  in 
the  hard  bone.  The  tubercles  are  sometimes  small  and  scattered  {Fig. 
620),  sometimes  they  unite  to  form  larger  foci  or  large  diffuse  caseous 
masses.  There  may  be  extensive  involvement  of  the  medulla.  Rare- 
fying and  condensing  osteitis  and  necrosis  often  accompany  the  tuber- 
culous process.  Thus  the  bone  frequently  becomes  spongy  or  fragile 
(Fig.  617).  Much  of  the  new  tissue  formed  in  tuberculosis  of  the  bones 
ifl  simple  granulation  tissue  or  fibrous  tissue  of  reparative  character. 

iCoiuult  tot  ma  «lAbor»t«  tmtment  of  acute  c»t«o[nyelitia  ta  Ob  nlatknuhtp  lo  other  fonni  of 
inflMnnutkin,  wiUi  bibL,  Jordan,  Beitr.  i.  kliu.  Chir,,  Bd.  ■..  p.  587.  For  k  study  of  thii  ounditioD  ia 
ehOiUiood  Me  Kvplik  tod  Von  ArmlaU.  Am.  Jour.  Med.  Sci.,  vol.  ciii..  pp.  422  uid  &3&.  IB02. 

'For  ■  r^nnn'  of  the  defonnitiei  naultiiig  from  aeteomyelitB  ooOBult  Park,  Medtosl  Reooid 
Nor.  3,  lS9a. 


888  THE   BONES    AND   JOINTS 

Not  infrequently  an  exudative  inflammation  occurs  with  the  for- 
mation of  the  so-called  cold  abscesses.  This  abscess  formation  in  bone 
as  well  as  in  soft  parts  may  be  due  to  the  tubercle  bacillus  alone.  But 
concurrent  infection  of  tuberculous  areas  often  takes  place,  the  pyogenic 
or  other  organisms  gaining  access  to  the  involved  region  either  through 
the  blood  channels  or  by  surface  openings,  fistulse,  sinuses,  etc. 

Tuberculous  inflammation  is  most  frequent  in  early  life  and,  save 
for  the  smaller  bones,  such  as  the  phalanges,  metacarpal,  metatarsal,  it 
rarely  involves  the  shafts  of  bones.  ^  It  is  often  associated  with  tuber- 
culous involvement  of  the  joints  (Fig.  617). 

Syphilitic  Osteitis. — Syphilitic  infection  may  lead  to  one  or  other  of  the 
forms  of  osteitis  just  described,  or  gummatous  nodules  may  form.  Syph- 
ilitic osteitis  usually  commences  in  the  periosteum,  which  becomes 
thickened  and  infiltrated  with  cells,  so  that  there  may  be  a  circumscribed 
thickening  of  the  periosteum,  with  or  without  distinct  gummata.  The 
vessels  which  extend  from  the  periosteum  into  the  bone  become  sur- 
rounded by  new  cellular  tissue,  which  causes  an  enlargement  of  the 
canals.  At  this  stage,  if  the  periosteum  be  stripped  ofl',  it  drags  with  it 
the  vessels  surrounded  by  the  new  cell  growth,  leaving  the  bones  beneath 
with  numerous  small  perforations  extending  inward.  As  the  disease 
progresses  the  channels  in  the  bone  enlarge  by  a  rarefying  osteitis  and 
coalesce,  forming  large,  irregular  defects  filled  with  new  fibrous  tissue. 
In  these  masses  of  new  tissue,  cheesy  degeneration  may  occur,  so  that  the 
new  growth  has  more  or  less  of  the  character  of  a  gumma.  In  the  vicin- 
ity of  these  gumma-fiUed  spaces  a  condensing  osteitis  may  occur,  both  in 
the  substance  of  the  bone  and  on  the  surface,  in  the  form  of  osteoph\'tes, 
so  that  the  opening  in  the  bone  may  be  surrounded  by  an  elevated,  irreg- 
ular ring  of  bone  tissue.  All  this  may  occur  beneath  the  uninvolved 
skin,  or  the  skin  may  participate  by  a  suppurative  inflammation,  result- 
ing in  ulceration.  These  processes  may  be  circumscribed  or  involve  a 
large  part  of  a  bone.  It  is  not  infrequently  associated  with  necrosis  of 
larger  and  smaller  portions  of  bone.  The  syphilitic  tissue  may  be 
absorbed  and  its  place  be  more  or  less  filled  with  fibrous  tissue.  Syphilitic 
osteitis  is  most  frequent  in  the  cranial  bones,  but  may  occur  elsewhere, 
as  in  the  sternum,  clavicle,  tibia  and  fibula,  the  ribs,  etc. 

Congenital  Syphilis. — The  bones  of  young  children  in  this  condition 
may  show  increased  density  or  evidences  of  periostitis,  or  irregular  thick- 
enings, particularly  of  the  skull.  Characteristic  lesions  are  frequently 
found  in  the  long  bones  in  still-bom  or  young  children  who  are  the  vic- 
tims of  hereditary  syphilis.  These  lesions  are  found  for  the  most  part 
along  the  border  zone  between  the  epiphysis  and  diaphysis.  In  normal 
ossification  of  the  long  bones,  the  border  line  between  the  calcification 
and  ossification  zones  is  narrow,  sharply  defined,  and  straight,  or  lightly 
and  evenly  curved.  In  the  syphilitic  bones,  on  the  contrary,  this  line  is 
broader,  uneven,  and  presents  various  modifications,  which  merge  into 
one  another,  so  that  all  intermediate  forms  may  be  seen.     In  a  lesion  of 

>  For  a  study  of  the  relative  prevalence  of  human  and  bovine  types  of  tubercle  bacilfi  in  booe  wd 
joint  tuberculosis  of  children  see  Fraser^  Jour.  Exper.  Med.,  1912,  xvi.,  432,  bibL 
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moderate  grade  there  may  be,  between  the  cartilage  and  the  new-formed 
spongy  bone,  a  white  or  reddish-white  zone,  about  two  millimetres  in 
breadth,  with  very  irregular  borders,  consisting  of  calcified  cartilage,  in 
which  the  linear  groups  of  cartilage  cells  are  more  abundant  than  normal. 
In  more  pronounced  lesions  the  calcified  zone,  still  containing  an  unusual 
number  of  cartilage  cells,  is  broader  and  still  more  irregular  and  less 
sharply  outlined  against  the  ossification  zone.  The  cartilage  just  beyond 
it  is  softer  and  almost  gelatinous,  and  may  contain  numerous  blood-ves- 
sels, islets  of  connective  tissue  or  of  calcification,  or  irregular  ossification. 
Finally  the  bone  may  be  pouched  out  at  the  sides  around  the  ossification 
and  calcification  zones,  and  the  perichondrium  and  periosteum  thickened. 
The  whitish,  irregular  calcified  zone  is  hard  and  friable.  Between  this 
and  the  new-formed  bone  there  is  an  irregular,  soft,  gray  or  grayish 
yellow  zone,  from  two  to  four  millimetres  in  thickness,  which  forms  a  loose, 
readily  separated  connection  between  the  cartilage  and  the  diaphysis. 
The  white,  friable  zone  consists  mainly  of  irregular  rows  of  degenerated 
and  distorted  cartilage  cells  lying  in  a  calcified  basement  substance,  of 
irregular  masses  of  atypical  bone  tissue,  and  of  blood-vessels  surrounded 
by  variously  shaped  cells.  The  soft  zone  consists  of  more  or  less  vascular 
tissue  with  homogeneous  basement  substance,  and  round  and  spindle- 
shaped  cells.  This  soft  zone  is  not  sharply  outlined  against  the  adjoining 
new-formed  spongy  bone,  which,  instead  of  consisting  of  the  normal 
marrow  spaces  with  bony  lamellae  between  them,  is  largely  composed  of 
granulation  tissue. 

Different  phases  of  this  faulty  development  may  be  seen  in  diflFerent 
bones  in  the  same  individual.  According  to  Wegner  the  lesion  is  usually 
most  advanced  in  the  lower  end  of  the  femur,  then  in  the  lower  ends  of 
the  leg  bones  and  of  the  forearm,  then  in  the  upper  ends  of  the  tibia, 
femur,  and  fibula. 

Not  infrequently  there  is  fatty  degeneration  of  the  marrow  cells  and 
blood-vessels  giving  the  marrow  a  reddish  yellow  color.  These  altera- 
tions of  the  bones  may  occur,  not  only  in  children  who  have  gummata  in 
other  parts  of  the  body,  but  also  in  those  in  whom  other  evidences  of 
syphilitic  infection  are  absent.  So  uniform  is  their  occurrence  that  their 
presence  alone  suffices  for  the  establishment  of  a  diagnosis. 


NECROSIS. 

Necrosis  is  the  death  of  a  larger  or  smaller  portion  of  bone.  This 
may  be  induced  by  conditions  which  deprive  the  bone  of  its  proper  vas- 
cular supply  from  the  periosteum  and  medulla.  It  may  be  associated 
with  suppurative  periostitis,  osteomyelitis,  and  osteitis,  traumatic  sepa- 
ration of  the  periosteum,  ulcers  of  neighboring  soft  parts,  emboli,  the 
action  of  phosphorus  vapor,  and  exhaustive  infectious  diseases.  Necro- 
sis is  a  pure  form  of  gangrene,  differing  from  gangrene  of  soft  parts  in 
that  the  dead  bone  has  at  first,  and  may  retain  for  a  long  time,  the  general 
outward  characters  of  the  normal  bone;  while  in  dead  soft  parts  rapid 
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absorption  may  occur,  or,  should  bacteria  of  various  forma  be  presentor 
gain  access  to  the  dead  tissue,  putrefaction,  with  complex  changes,  may 
ensue. 

When  a  portion  of  bone  has  died,  inflammation  occurs  at  the  dividing- 
line  between  the  dead  and  living  bone.  This  inflammation  has  the  char- 
acters of  a  rarefying  osteitis  (see  above),  and  finally  separates  the  dead 
from  the  living  bone.  The  dead  bone,  or  sequestrum,  may  remain  smooth 
and  unaltered  (Fig.  621),  or  it  may  be  eroded  by  the  influence  of  sur- 
rounding pus  or  granulation  tissue  or  osteoclasts.  In  this  way  it  is  pos- 
sible for  the  sequestrum,  if  it  be  small,  to  be  entirely  absorbed.  More 
frequently  there  is  a  production  of  new  bone  around  the  sequestrum, 
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either  beneath  the  periosteum  or  in  the  substance  of  the  bone,  and  this 
becomes  lined  with  granulation  tissue,  from  which  pus  may  continue  to 
be  formed,  bathing  the  sequestrum. 

Necrosis  may  involve  the  superficial  layers,  or  the  entire  thickness  of 
the  wall  of  a  long  bone,  or  only  the  spongy  tissue  and  inner  layers,  or  an 
entire  bone,  or  a  number  of  difTerent  portions  of  the  same  bone,  but  it  is 
most  apt  to  occur  in  compact  bone. 

The  death  and  separation  of  the  bone  may  be  soon  followed  by  the 
growth  of  new  bone  to  repair  the  loss.  The  periosteum,  the  medulla, 
and  the  surrounding  soft  tissues  may  all  take  part  in  this  new  growth. 
The  new  bone  is  usually  irregular,  rough,  and  perforated  with  openings 
through  which  pus  formed  around  the  sequestrum  may  be  discharged. 
If  the  sequestrum  be  removed,  healing  may  occur  by  the  formation  of 
new  bone;  but  the  bone  is  usually  more  or  less  distorted  by  the  irregular 
new  ossification. 

Phosphorus  Necrosis. — Under  the  influence  of  phosphorus  vapor, 
periostitis  and  osteitis,  particularly  of  the  jaw,  are  apt  to  occur,  which 
usually  lead  to  more  or  less  extensive  necrosis,  generally  associated  with 
prolonged  and  often  extensive  suppuration. 
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Caries  of  bone  is  essentially  an  vlcerative  osteitis  resulting  in  progres- 
sive molecular  destruction  of  the  bone  tissue.  It  differs  from  necrosis  in 
that,  in  the  latter,  larger  and  smaller  masses  of  bone  die,  while  in  caries  the 
destruction  is  molecular  and  gradual 
(Fig.  622).  It  may  occur  in  connec- 
tion with  any  form  of  osteitis,  with 
periostitis  and  osteomyelitis,  or  it 
may  be  secondary  to  inflammatory  or 
destructive  processes  in  the  joints  or 
adjacent  soft  parts.  The  depressed 
surfaces  of  bones  in  which  caries  is 
progressing  are  rough  and  more  or 
less  finely  jagged,  and  may  be  covered 
with  granulations.  The  minute 
changes  by  which  ulceration  and 
destruction  of  the  bone  are  pro- 
duced in  canes  are  somewhat  analo- 
gous with  those  in  rarefying  osteitis, 
but  there  are  marked  degenerative 
changes  in  the  bone  cells,  which  may 
become  fatty  or  converted  into  a 
granular  material.  Moreover,  the 
basement  substance  of  the  bone,  in- 
stead of  being  absorbed,  may  disin- 
tegrate, with  the  formation  of  larger 
and  smaller  masses  of  detritus. 
Sometimes  the  lime  salts  are  re- 
moved from  the  basement  substance, 
which  is  converted  into  atypical 
fibrillar  tissue  and  fatty  and  granu- 
lar detritus.  Very  extensive  sup- 
purations and  necrosis  may  be  asso- 
ciated with  caries. 

Long-continued  caries,  especially 
in  badly  nourished  individuals,  is  apt 

to  become  complicated  with  tubercu-        j.,„  822.— cabu»  o»  thb  vrKT«iB« 
lous  inflammation. 

There  is  very  little  tendency  to  spontaneous  healing  in  caries,  but  it 
may  occur,  and  the  defects  produced  may  be  more  or  less  supplied  by 
means  of  new-formed  bone. 

RACHITIS.     (Rickets.) 
Rickets  is  a  developmental  disease  of  bone,  in  which  the  proper 
ossification  does  not  take  place.     The  disease  usually  occurs  during  the 
first  two  years  of  life,  but  may  be  congenital,'  or  may  occur  as  late  as 
the  twelfth  year. 

■  SalwMi.  Ziccler**  Beitr.  i.  paUi.  Anat..  «to..  Bd.  ivi..  p.  20,  ISM,  bibL 
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The  physiologicai  growth  of  bones  presents  three  phases.  They 
grow  in  length  by  the  production  of  bone  in  the  cartilage  between  the 
epiphysis  and  diaphysis;  in  thickness,  by  the  growth  of  bone  from 
the  inner  layers  of  the  periosteum.  At  the  same  time  the  medullary 
canal  is  enlarged,  in  proportion  to  the  growth  of  the  bone,  by  the  disap- 
pearance of  the  inner  layers  of  bone. 

In  rickets  these  three  phases  of  growth  are  abnormal.  The  carti- 
laginous and  subperiosteal  cell  growth,  which  precedes  ossification,  goes 
on  with  increased  rapidity  and  exuberance  and  in  an  irregular  manner, 
both  between  the  epiphyses  and  diaphyses  and  beneath  the  periosteum, 
while  the  actual  ossification  is  imperfect,  irregular,  or  wanting.  At  the 
same  time  the  dilatation  of  the  medullary  cavity  goes  on  irregularly 
and  often  to  an  excessive  degree. 


1.  623.— Rachitic  Bout. 


If  one  examine  microscopically  in  a  rachitic  bone  the  region  between 
the  epiphysis  and  diaphysis  (Fig.  623),  he  finds  that  the  cartilage  cells 
are  not  regularly  arranged  in  rows  along  a  definite  zone  in  advance  of  the 
line  of  ossification,  as  in  normal  development,  but  that  there  is  an  irreg- 
ular heaping-up  of  cartilage  cells,  sometimes  in  rows,  sometimes  not, 
over  an  ill-defined  and  irregular  area.  The  zone  of  calcification  also, 
instead  of  being  narrow,  regular,  and  sharply  defined,  is  lacking  in  uni- 
formity. Areas  of  calcification  may  be  isolated  in  the  region  of  prolifer- 
ating cartilage  cells,  or  calcification  may  be  altogether  absent  over  con- 
siderable areas. 

Corresponding  to  these  irregularities  the  ossification  zone  is  abo  irreg- 
ular. New-formed  bone  and  marrow  cavities  containing  blood-vessels 
may  lie  in  the  midst  of  the  cartilage,  or  masses  of  cartilage  may  lie  deep 
in  the  region  which  should  be  completely  ossified.     In  other  places  it 
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seems  as  if  the  cartilage  tissue  were  directly  converted  into  an  ill-formed 
bone  tissue  by  metaplasia  or  direct  transformation.  It  will  readily  be 
seen  from  this  that  the  medullary  spaces  of  the  new-formed  bone  are 
irregular,  and  this  abnormality  is  enhanced  by  the  premature  intra- 
medullary absorption  of  the  bone. 

Similar  irregularity  in  the  bone  formation  may  be  seen  beneath  the 
periosteum.     An  excessive  proliferation  of  cells  in  the  inner  layers  of 


the  periosteum,  the  irregular  calcification  which  occurs  about  them,  and 
the  absence  of  uniformity  in  the  elaboration  of  ill-structured  bone,  con- 
spire to  produce  an  irregular,  spongy  bone  tissue, instead  of  the  compact, 
lamellated  tissue  which  is  so  necessary  here  for  the  solidity  of  the  struc- 
ture. The  increased  cell  growth  between  the  epiphyses  and  diaphysea 
produces   the   peculiar   knobby   swellings    which   are   characteristic   of 
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rickets.  At  the  same  time  the  medullary  cavity  increases  rapidly  in 
size  and  the  inner  layers  of  the  bone  become  spongy.  The  medulla  may 
be  congested,  and  fat,  if  it  has  formed,  may  be  absorbed,  and  a  modified 
form  of  osteitis  may  ensue. 

The  result  of  these  processes  is  that  the  bones  do  not  possess  solidity 
and  cannot  resist  the  traction  of  the  muscles  or  outside  pressure.  The 
epiphyses  may  be  displaced  or  bent,  especially  in  the  ribs,  less  frequently 
in  the  long  bones.  The  long  bones  and  the  pelvic  bones  may  be  bent 
into  a  variety  of  forms  (Fig.  629).  Incomplete  fractures  are  not  infre- 
quent. Complete  fractures  do  not  usually  occur  untO  the  later  stages  of 
the  disease,  when  the  bones  have  become  more  solid.     In  the  bead,  the 


Fro,  025.— CxANiOTABas. 
This  skull  of  a  child  ia  brgt.  ita  bon«  &re  thin,  with  hole*  due  to  faul^  derelopmenl  ud 

cranium  may  be  unnaturally  large  for  the  size  of  the  face ;  the  fontaoellee 
and  sutures  may  remain  open;  the  bones  may  be  soft,  porous,  and 
hypewemic,  while  at  their  edges  there  may  be  rough,  bony  projections 
beneath  the  pericranium.  Sometimes,  especially  in  the  occipital  bone, 
there  are  rounded  defects  in  the  bone,  filled  only  with  a  fibrous  mem- 
brane; this  constitutes  one  of  the  forma  of  so-called  Craniotabes  (Fig- 
625). 

It  does  not  fall  within  the  scope  of  this  work  to  describe  the  various 
deformities  which  may  occur  as  a  result  of  this  disease.  The  familiar 
pigeon  breast;  the  rows  of  knobs  along  the  sides  of  the  chest  from  bend- 
ing and  dilatation  of  the  ribs  at  the  point  of  junction  of  cartilage  and 
bone  (Fig.  626);  the  knock-knees,  bow-legs,  spinal  curvatures,  etc.,  may 
all  be  the  result  of  rachitic  weakening  of  the  bones. 
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After  a  time  the  rachitic  proceas  may  stop  and  the  bonee  take  on  a 
more  normal  character.     The  porous  bone  tissue  becomes  compact^and 


View  of  iDteiior  of  efaest  abowiug  knob*  OD  the  riba  projeoting  inward.     (Pbologrspb  by  Dr.  Nortbnip.  } 


C  Bhortoisd  and  delormed  ■ 


even  unnaturally  dense;  the  swellings  at  the  epiphyses  disappear;  many 
of  the  deformed  bones  may  become  of  a  normal  shape.     In  severe  cases, 
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however,  the  deformities  continue  through  life;  especially  there  is  a  ces 
sation  of  the  growth  of  the  bones  in  their  long  axis,  80  that  the  perioos 
affected  are  dwarfed. 

The  disease  may  have  an  acute  or  a  chronic  character.  The  acute 
form  begins  usually  during  the  first  six  months  of  life.  The  children  are 
apt  to  suffer  from  vomiting,  diarrhcea,  profuse  sweating,  chronic  bron- 
chitis and  pneumonia,  general  ancemia,  and  wasting.  They  either  die  or 
the  rachitic  process  is  gradually  developed.  The  chronic  form  is  seen  in 
older  children,  and  often  in  those  apparently  healthy.  The  changes  in 
the  bones  may  take  place  without  constitutional  symptoms,  though  there 
are  often  catarrhal  bronchitis,  pneumonia,  and  aniemia. 

Achondroplada  (Fcetal  Rickets). — This  disease  of  fcetal  hfe  is  of 
obscure  nature,  perhaps  allied  to  rickets. 


SbowiDa  oharucteriatie  deformity  of  the  hudi.     (Photoiniph  by  Dr.  Northrup.) 

Bones  which  are  of  intra-membranoue  origin,  or  which  in  late  foeta! 
life  are  chiefly  cartilaginous  are  least  involved,  while  the  long  bones  chiefly 
suffer,  through  failure  in  ossification  at  their  ends,  together  with  various 
defects  in  their  cartilage. 

This  condition  is  marked  (see  Fig.  627)  by  abnormalities  in  the 
length, shape,  and  consistency  of  the  bones  of  the  limbs,  which  in  general 
are  short  and  thick.  The  head  may  be  normal  or  rachitic  in  type. 
The  trunk  may  be  of  normal  size.  The  fingers  are  often  stumpy  (Fig- 
628),  These  with  other  bone  changes  lead  to  the  characteristic  "dwarf" 
type  of  body. 

The  characteristic  lesions  of  achondroplasia  are  often  associated 
with  various  developmental  malformations  of  ordinary  type. 

OSTEOUALACIA. 

This  lesion  consists  in  the  softening  of  fully  formed  hard  bone  tissue 

by  the  removal  of  its  inorganic  salts.     It  is  to  be  distinguished  from 

rickets,  whose  lesions  are  due  to  a  faulty  development  of  bone,  although 

in  certain  external  characters  the  two  diseases  sometimes  present  consid- 
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erable  similarity.  Osteomalacia  usually  occurs  in  adults,  most  fre- 
quently in  females  during  pregnancy  and  after  parturition;  more  rarely 
it  occurs  in  males,  and  in  females  unassociated  with  the  above  conditions. 

Microscopical  examination  shows  that  the  decalcification  occurs  first 
in  the  periphery  of  the  Haversian  canals  and  in  the  inner  layers  of  the 
walls  of  the  marrow  spaces.  As  the  salts  of  lime  are  removed  the  base- 
ment substance  at  first  remains  as  a  finely  fibrillated  material,  still  pre- 
serving the  original  lamellation.  The  bone  cells  may  be  changed  in  shape 
or  degenerated.  After  a  time  the  decalcified  tissue  may  disintegrate  and 
be  absorbed,  and  its  place  occupied  by  new-formed  marrow  or  granula- 
tion tissue.  As  the  disease  goes  on,  the  marrow  tissue  is  congested  and 
red,  the  fat  absorbed,  and  there  is  a  gi-eat  accumulation  of  small  sphe- 
roidal cells;  or  the  marrow  may  assume  a  gelatinous  appearance.  The 
decalcification  and  absorption  of  the  bone  from  within  may  proceed  so 
far  that  the  bony  substance  in  the  cancellous  tissue  almost  entirely  dis- 
appears, and  the  compact  bone  is  reduced  to  a  thin,  soft,  decalcified  tis- 
sue. The  disease  is  not  always  continuously  progressive,  but  may  be 
subject  to  temporary  cessation. 

As  a  result  of  this  softened  condition  of  the  bones,  the  weight  of  the 
body  and  the  actions  of  the  muscles  may  induce  a  series  of  deformities 
which  are  sometimes  excessive:  curvatures  of  the  spine,  complete  and 
incomplete  fractures  of  the  bone,  distortions  of  the  pelvis,  sternum,  etc. 
There  is  a  tendency  in  this  disease  to  a  general  involvement  of  the  bones, 
but  the  changes  are  sometimes  confined  to  single  bones  or  groups  of 
bones.     The  cranium  is  rarely  much  affected. 

Osteitis  Fibrosa. 

This  is  a  chronic  bone  disease  resulting  in  the  formation  of  cysts  and  tumor-like 
structures.  The  softening  of  the  bone  permits  of  spontaneous  fractures  and  curvatures. 
The  disease  is  localized  chiefly  in  the  extremities,  most  frequently  in  the  diaphy^es, 
but  may  occur  in  any  of  the  bones  of  the  body.  Microscopical  examination  shows 
extensive  absorption  of  bone  with  disappearance  of  the  lime  salts  and  a  very  large 
number  of  giant  cells  and  new  formed  granular  tissue  which  often  lead  to  the  errone- 
ous diagnosis  of  sarcoma.^ 

ALTERATIONS  OF  THE  BONE  MARROW  IN  LEUKAEMIA  AND  ANiEMIA. 

In  certain  forms  of  leukaemia  the  marrow  of  the  bones  is  very  mark- 
edly altered.  The  change  consists  mainly  in  an  accumulation  in  the 
marrow  tissue  of  spheroidal  cells,  often  in  a  condition  of  fatty  degen- 
eration, which  lie  in  the  meshes  of  reticular  connective  tissue  and  in  and 
along  the  walls  of  the  blood-vessels.  The  new  cells  which  accumulate  in 
the  marrow  under  these  conditions  are  of  various  forms.  Most  character- 
istic are  cells  which  considerably  resemble  the  large  lymphocytes  of  nor- 
mal blood  and  are  called  myelocytes.  In  addition  to  these  the  marrow  may 
contain,  mingled  with  its  usual  elements,  nucleated  red  blood  cells,  spher- 
oidal cells  containing  red  blood  cells,  and  not  infrequently  considerable 
numbers  of  small  octahedral  crystals  (called  Charcot's  crystals). 

The  degree  to  which  this  accumulation  of  cells  occurs  varies  much  in 

1  See  V.  ReckUnghaxuen^  Untersuchungen  Ober  Rachitis  und  Qpteomalacie,  Jena,  1910;  and 
Michalia,  if.,  Uber  OstiUa  fibrosa.  Inaug,  Diss,,  Berlin,  1913. 
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different  cases,  and  the  gross  appearances  of  the  marrow  are  consequently 
very  diverse.  In  some  cases  the  marrow  is  soft  and  has  auniform  red 
appearance,  or  it  is  variously  mottled  with  gray  and  red.  Occasionally 
circumscribed  haemorrhages  are  seen.     In  another  class  of  cases,  in  which 
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the  cell  accumulation  is  more  excessive,   the  marrow  may   be   grayr 
grayish  yellow,  or  puriform  in  appearance  (Fig.  629). 

These  changes  may  occur  in  the  central  marrow  cavity,  as  well  as  in 
the  marrow  spaces  of  the  spongy  bone.  They  may  be  present  in  several 
or  many  of  the  bones.  They  are  usually  accompanied  by  analogous 
changes  in  the  spleen  and  Ij-mph-nodes  (Fig.  630). 
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In  certain  cases  of  acute  and  chronic  ancemiaj  particularly  in  the  perni- 
cious and  progressive  varieties,  the  marrow,  especially  of  the  larger  long 
bones,  may  lose  its  yellow  color  from  absorption  of  the  fat,  and  become 
red.  Microscopical  examination  of  the  marrow  under  these  conditions 
may  show  myelocytes  and  sometimes  an  abundance  of  developing  nucle- 
ated red  blood  cells  and  Charcot's  crystals. 

In  many  of  the  acute  infectious  diseases,  typhus  fever  and  typhoid 
fever,  ulcerative  endocarditis,  recurrent  fever,  etc.,  the  bone  marrow  has 
been  found  hypercemic,  and  may,  it  is  asserted  by  Ehrlich,  contain  mye- 
locytes in  increased  numbers. 

All  these  lesions  of  the  marrow,  although  our  knowledge  of  them 
is  still  very  incomplete,  together  with  what  is  known  of  the  physiological 
functions  of  the  marrow,  point  to  a  close  relationship  between  the  mar- 
row and  the  spleen  and  lymph-nodes  as  blood-producing  organs. 

TUMORS. 

Tumors  of  the  bone  may  involve  either  the  periosteum,  or  the  com- 
pact bone,  or  the  medulla;  or,  as  is  more  frequently  the  case,  two  or 
more  of  these  structures  may  be  involved  at  once.  Tumors  of  the  bone 
are  usually  accompanied  by  various  secondary  and  sometimes  very 
marked  alterations  of  the  bone  tissue,  osteo-porosis,  osteo-sclerosis,  ossi- 
fying periostitis,  etc.  The  new  growths  are  very  apt  to  undergo  calci- 
fication and  ossification. 

nbromata  may  grow  from  either  the  periosteum  or  the  medulla. 
Their  most  common  seat  is  in  the  periosteum  of  the  bones  of  the  head  and 
face.  They  are  apt  to  form  polypoid  tumors  projecting  into  the  posterior 
nares,  pharynx,  mouth,  and  antrum  of  Highmore.  Central  fibromata, 
i.e.,  those  growing  from  the  medulla,  are  rare.  They  usually  occur  in 
the  lower  jaw,  but  have  been  found  in  the  ends  of  the  long  bones,  the 
phalanges  of  the  fingers,  and  the  vertebrae.  The  fibromata  may  calcify 
or  ossify,  contain  cysts,  and  not  infrequently  occur  in  combination  with 
sarcoma. 

Myxomata  are  of  occasional  occurrence  in  bone. 

Osteomata. — New  formations  of  bone  as  a  result  of  inflammatory  proc- 
esses are,  as  we  have  already  seen,  of  frequent  occurrence  in  bone,  and 
although  not,  strictly  speaking,  tumors,  some  of  their  forms  are  very 
closely  allied  to  them,  and  they  may  therefore  be  conveniently  mentioned 
here.  New  growths  of  bone  which  arise  from  the  surfaces  are  called 
exostoses  (see  Fig.  616)  or  enostoseSj  according  to  their  origin  from  the 
external  surface  or  from  the  interior  of  the  bone.  They  may  contain  all 
the  constituents  of  normal  bone:  bone,  medulla,  vessels,  periosteum, 
and  cartilage.  The  new  bone  may  be  compact  and  like  ivory,  or  spongy, 
or  contain  large  cavities  filled  with  marrow. 

The  shape  of  exostoses  varies  greatly;  they  may  be  in  the  form  of 
sharp,  narrow  spicula  and  processes,  and,  occurring  in  connection  with 
periostitis,  are  called  osteophytes.  They  may  be  polypoid  in  shape,  or 
form  rounded  tumors  with  a  broad  base.     They  may  form  a  general 
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enlargement  of  the  bone  with  much  roughening  of  the  surface;  this  con- 
dition is  often  called  hyperostosis. 

The  bone  beneath  these  new  growths  may  be  normal,  or  sclerosed,  or 
rarefied,  or  the  medullary  cavity  of  the  bone  may  communicate  with  that 
of  the  exostosis.  Exostoses  are  usually  developed  from  the  periosteum, 
sometimes  in  the  insertion  of  tendons  and  ligaments.  They  are  very 
frequently  multiple,  and  may  occur  at  all  ages,  even  during  uterine  life. 

Enostoses  are  developed  in  the  interior  of  bones  from  the  medulla. 
They  may  increase  in  size,  with  absorption  of  the  surrounding  bone,  un- 
til they  project  from  the  surface  like  exostoses.  Their  most  frequent 
situation  is  in  the  bones  of  the  cranium  and  face. 

Chondromata. — These  tumors  may  be  single  or  multiple,  and  most  fre- 
quently grow  from  the  interior  of  the  bone,  but  sometimes  from  the 
periosteum.  They  are  prone  to  form  various  combinations  with  other 
forms  of  tumors,  as  fibroma,  myxoma,  sarcoma,  etc.  They  are  frequently 
congenital,  and  are  most  common  in  young  people.  They  occur  most 
frequently  in  the  bones  of  the  hand  and  foot. 

There  is  a  form  of  chondroma,  called  osteoid  chondroma,  which  de- 
velops beneath  the  periosteum,  most  frequently  in  the  femur  and  tibia 
near  the  knee-joint,  forming  a  club-shaped  enlargement  of  the  bone.  The 
characteristic  of  the  tissue  composing  these  tumors  is  that  it  resembles 
somewhat  the  immature  bone  tissue  which  is  seen  beneath  the  periosteum 
in  developing  bone.  It  differs  from  cartilage  in  the  irregular  shape  of 
its  cells,  in  the  fibrillation  and  density  of  the  basement  substance,  and  in 
its  general  vascularity.  On  the  other  hand,  it  has  not  the  inorganic  con- 
tents or  appearance  of  true  bone.  It  resembles  considerably  the  callus 
tissue  forming  about  fractures  of  the  bones.  It  may,  however,  and  most 
frequently  does,  become  converted,  in  some  parts  of  the  tumor,  into  true 
bone.  On  the  other  hand,  combinations  with  sarcomatous  tissue  are  of 
frequent  occurrence  (see  below). 

Sarcoma  is  especially  common  in  the  bones.  It  grows  from  the  inner 
layers  of  the  periosteum  or  from  the  medulla,  so  that  we  may  distinguish 
a  periosteal  and  a  myelogenic  sarcoma.  Sometimes  the  tumor  involves  the 
bone  itself  so  early  that  it  is  impossible  to  say  whether  the  tumor  began 
in  the  periosteum  or  in  the  medulla.  There  is  also  a  variety  which  grows 
close  to  the  outside  of  the  periosteum  and  becomes  connected  with  it — 
parosteal  sarcoma. 

The  periosteal  sarcomata  usually  belong  to  the  varieties  fibro-,  myxo-, 
chondro-,  and  osteo-sarcoma,  more  rarely  to  the  medullary  variety. 
They  commence  in  the  inner  layers  of  the  periosteum,  pushing  this  mem- 
brane outward.  After  a  time  the  periosteum  is  involved  and  the  tumor 
invades  the  surrounding  soft  parts.  The  bone  beneath  may  remain  nor- 
mal, or  may  be  eroded  and  gradually  disappear  until  the  tumor  is  con- 
tinuous with  the  medulla.  Portions  of  the  tumor  may  be  calcified,  or  a 
growth  of  new  bone  may  accompany  its  growth.  The  new  bone  usually 
takes  the  form  of  plates,  or  spicula,  radiating  outward  (Fig.  631).  The 
minute  structure  of  these  tumors  is  very  variable.  The  simplest— the 
fibro-sarcomata — are  composed  of  fusiform,  round,  stellate,  and  some- 
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times  giant  cells  (myeloplaxes) ,  in  varying  proportions,  packed  closely 
in  a  fibrous  stroma.  In  the  medullary  form  the  stroma  is  diminished 
to  a  minimum  and  the  round  cells  are  most  numerous.  In  the  chondro- 
and  myxo-sarcoma  the  basement  substance  may  be  hyaline  or  mucous, 
and  the  cells  follow  the  type  of  cartilage  and  mucous  tissue  more  or  less 
closely.  There  is  a  mixed  form  of  tumor,  called  osteoid  sarcoma,  which 
is  very  apt  to  spread  and  to  form  metastases.  The  growth  consists  in 
part  of  tissue  corresponding  to  fibro-sarcoma  and  round-celled  sarcoma. 
In  addition  to  this  there  occurs,  in  greater  or  less  quantity,  immature 
bone  tissue,  called  osteoid  tissue,  which  may  in  part  become  calcified,  the 
calcification  usually  occurring  in  the  central  portions,  leaving  a  softer 
peripheral  zone.  This  form  of  tumor  is  most  apt  to  occur  at  the  ends 
of  the  long  bones,  and  may  form  tumors  of  large  size.     It  is  often  called 
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on  account  of  its  tendency  to  extend  and  to  form  metastases,  malignant 
osteoma  or  osteoid  cancer.  Angio-sarcomata  are  of  frequent  occurrence 
in  bone. 

Sarcomata  may  originate  in  the  medulla — myeloid  sarcoma — and 
may  grow  rapidly.  The  bone  surrounding  them  is  destroyed  and 
they  project  as  rounded  tumors.  Most  frequently  new  bone  is  formed 
beneath  the  periosteum,  so  that  the  tumor  is  enclosed  in  a  thin,  bony 
shell  (Fig.  632);  sometimes  there  are  also  plates  of  bone  in  the  tumor; 
sometimes  the  periosteum  is  unaltered;  sometimes  it  is  perforated  and  the 
tumor  invades  the  surrounding  soft  parts.  The  tumors  are  frequently 
very  soft,  vascular,  and  hemorrhagic  in  parts,  or  may  enclose  cysts  filled 
^vith  tumor  detritus  and  blood.  They  are  usually  of  the  spindle-  or 
round-celled  variety,  and  not  infrequently  contain  giant  cells. 

Sarcomata  may  originate  in  the  outer  layers  of  the  periosteum — paT- 
osteal.  They  may  be  as  firmly  connected  with  the  bone  as  is  the  peri- 
osteal form.  The  periosteum  may  remain  intact  between  the  tumor  and 
the  bone,  or  it  may  disappear  and  leave  them  in  apposition.  Endo- 
tlielioma  of  bone  is  not  uncommon.     Lipoma  is  rare. 


902  THE    BONES    AND    JOItfTS 

Myeloma. — Under  this  name  is  included  a  peculiar  group  of  tumors, 
which,  while  they  resemble  the  sarcomata  in  many  respects,  are  distinct 
from  them  in  their  histogenetic  relationships;  that  is,  they  are  derived 
from  the  special  cells  of  the  bone  marrow,  and  not  from  the  periosteum. 
These  tumors  are  usually  multiple,  appearing  simultaneously  in  many 
parts  of  the  bony  structures.'     They  form  grayish  or  reddish  masses  in 
the  spongy  bone  or  in  the  medullary  caml 
and  as  they  grow  excite  active  resorption 
of  the   bone.      Spontaneous  fractures  are 
frequent   and   bending  of  the  bone  from 
loss    of    lime    salts   is   occasionally   seen. 
Metastases  in  other  organs  are  extremely 
rare.     Another  interesting  point  is  the  pres- 
ence in  the  urine  in  many  of  these  cases 
of  a  peculiar  proteid  called  Bence  Jones' 
proteid,  which  coagulates  on  heating,  and 
dissolves  on  further  heating  in  the  boiUng 
liquid,  only  to  reappear  again  as  it  cools. 
This  proteid  is  not  absolutely  characteristic 
of  myeloma  as  it  has  also  been  found  in 
some  of  the  leuksmias. 

Microscopically,  the  tumors  are  com- 
posed of  three  varieties  of  cells:  myelo- 
cytes, or  myeloblasts,  red  cells,  and  plasma 
cells.  In  the  first  type  of  tumor,  which 
may  very  well  be  designated  myelocytoma, 
the  cells  are  large,  with  oval  or  irregular 
nuclei,  and  many  of  them  show  character- 
istic granulations  of  the  neutrophile  my- 
elocytes. Tumors  formed  largely  of  red 
cells  (erythrocytoma  or  erythroblastoma) 
are  extremely  rare,'  while  new  growths 
largely  composed  of  plasma  cells  are  the 
most  frequent  variety.  In  such  cases  the 
plasma  cells  often  appear  in  the  circulating 
blood  during  life. 

Angtoma. — A  very  large  number  of  the 
„     .,„    „  o  tumors  which  have  been  described  under 

Flo.    S32.— Utelookhic  Sabcom*  ,  .  „  , 

or  TBI  Stebnith.  this  name  are  really  very  vascular  sarco- 

mata. Cavernous  angiomata  may  form 
between  the  periosteum  and  bone  and  be  intimately  connected  with  the 
latter.  There  are  several  cases  described  of  cavities  filled  with  blood  ia 
the  interior  of  bones,  which  it  is  difficult  to  interpret.  They  ha« 
mostly  been  found  in  the  head  of  the  tibia.  They  are  said  to  have 
consisted  of  single  sacs  composed  of  thickened  periosteum,  lined  with 

a  Arch.,  ir -.    .    .        .        - — 

s.  N.  Y.  Pith.  Soc,  190«,  vi.. 
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plates  of  bone,  and  filled  with  fluid  and  clotted  blood.  No  large  vessels 
communicated  with  the  sacs,  but  their  walls  were  covered  with  a  rich 
vascular  plexus,  branches  of  which  opened  into  the  cavity  of  the  sac. 

Carcinoma. — ^Primary  carcinoma  is  of  doubtful  occurrence  in  the 
bones.  Most  of  the  structures  thus  named  have  doubtless  been  sar- 
comata or  endotheliomata.  Secondary  carcinoma,  on  the  other  hand, 
as  a  result  of  metastases  or  local  extension,  is  not  infrequent.  Metas- 
tatic carcinoma  may  occur  in  the  bones  of  various  parts  of  the  body 
at  the  same  time,  and  are  most  apt  to  be  secondary  to  carcinoma  of  the 
mamma. 

Cysts. — These  most  frequently  occur  in  the  maxillary  bones  (p.  415) 
in  connection  with  the  teeth.  They  may  be  unilocular  or  multilocular, 
and  contain  clear  serum  or  a  mucous  or  brown  fluid,  and  sometimes 
cholesterin.  They  may  be  lined  with  epithelium.  They  begin  in  the  in- 
terior of  the  bone,  and,  as  they  increase  in  size,  expand  it  until  they  may 
be  covered  with  only  a  thin  shell  of  bone.  They  may  reach  a  large  size, 
even  as  large  as  a  child's  head. 

Dermoid  cysts  are  occasionally  found  in  connection  with  the  bones, 
particularly  of  the  skull.* 

The  Joints. 

For  a  description  of  the  dislocations,  misplacements,  and  injuries  of 
the  joints  we  refer  to  works  on  surgery. 

DEGENERATION. 

Fatty  degeneration  of  the  cartilage  cells,  mucous  degeneration,  and 
fibrillation  of  the  stroma  with  softening,  and  often  roughening,  of  the 
joint  surfaces,  calcification  and  amyloid  degeneration,  may  occur  in 
inflammation,  or  as  a  senile  alteration,  or  under  other  conditions.  The 
cartilage  is  usually,  under  these  conditions,  whiter  and  more  opaque 
than  normal. 

INFLAMBfATION.     (Arthritis.) 

Exudative  Arthritis. — The  earlier  stages  of  acute  inflammation  of  the 
synovial  membranes  are  better  known  from  experiments  on  animals  than 
from  post-mortem  examinations.  Among  the  early  changes  are  swelling 
and  congestion  of  the  membrane,  with  increased  growth  and  desqua- 
mation of  the  lining  cells,  and  infiltration  of  the  membrane  with  lymphoid 
cells.  These  conditions  are  soon  followed  by  an  exudation.  The  exact 
origin  of  much  of  the  exudate  is  not  clear. 

In  Serous  Arthritis  the  accumulation  of  serum  within  the  synovial  sac 
is  the  most  prominent  lesion.  The  disease  may  terminate  in  recovery,  or 
become  chronic,  or  pass  into  the  suppurative  form.     It  may  be  incited 

1  For  a  rtftfumi  and  bibl.  of  the  pathology  of  bone  see  Schmidt  in  Lubaisch  and  Ostertag's  "Ergeb- 
niase,"  Jahig.  iv.,  for  1897,  p.  531;  alao  Jahig.  v.  for  1898,  p.  895. 

For  a  risunU  of  cysts  of  bone  see  Bloodgood,  Progressive  Med.,  vol  vi.,  p.  181,  1904. 
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by  contusions,  penetrating  wounds,  gonorrhoea,  rheumatism,  or  it  may 
occur  without  evident  cause. 

Sero-fibrinotis  Arthritis  may  occur  under  the  same  conditions  as  those 
which  lead  to  simple  serous  inflammation.  The  fibrin  may  be  present 
largely  as  flocculi  in  the  serum,  or  it  may  form  false  membranes  over  the 
surfaces  of  the  joint. 

Suppurative  Arthritis  may  follow  or  be  associated  with  the  above  forms 
of  inflammation.  The  synovial  membrane  is  thickened  and  cloudy,  and 
there  may  be  but  a  moderate  amount  of  pus  in  the  joint,  and  a  slight 
degree  of  infiltration  of  the  synovial  membrane  with  pus  cells.  Under 
these  conditions  resolution  may  occur. 

In  other  cases  the  accumulation  of  pus  in  the  cavity  may  be  great, 
the  synovial  membrane  and  its  surrounding  tissue  densely  infiltrated 
with  pus  cells.  Under  these  conditions  granulation  tissue  is  apt  to 
form  and  the  cartilages  of  the  joints  are  apt  to  become  involved.  There 
are  swelling  and  proliferation  or  degeneration  of  the  cartilage  cells;  the 
basement  substance  becomes  disintegrated,  ulcerates,  and  exposes  the 
bone,  in  which  osteitis,  caries,  rarefaction,  etc.,  may  occur.  The  new- 
formed  granulation  tissue  may  penetrate  the  cartilage,  absorbing  the  base- 
ment substance,  and  by  metaplasia  the  cartilage  tissue  may  be  converted 
into  embryonal  or  granulation  tissue.  The  pus  may  break  through 
the  capsule  of  the  joint  and  form  large  abscesses  in  the  adjacent  soft 
parts.  Sometimes  the  inflammation  is  not  only  suppurative  but  gan- 
grenous, and  runs  a  rapidly  fatal  course.  The  synovial  membrane,  artic- 
ular cartilages,  and  ends  of  the  bone  all  undergo  a  rapid  suppuration 
and  gangrene.  Acute  arthritis  may  be  incited  by  trauma,  or  it  may 
be  associated  with  pyaemia,  smallpox,  measles,  scarlet  fever,  pneumonia,* 
gonorrhoea,'  diphtheria,  mumps,  typhus  fever,  glanders,  the  puerperal 
condition,  or  other  infectious  diseases.  In  these  cases  the  process  is  apt 
to  be  suppurative,  and  is  induced  by  various  forms  of  bacteria. 

Chronic  Arthritis  may  begin  as  such,  or  it  may  be  the  result  of  pre\nous 
acute  inflammation.  There  is  an  increase  of  fluid  in  the  joint.  This 
fluid  is  thin  and  serous,  or  is  thickened  with  flocculi  of  fibrin  and  epi- 
thelial and  lymphoid  cells,  or  is  thick,  syrupy,  or  even  gelatinous.  The 
synovial  membrane  is  at  first  congested,  its  tufts  are  prominent.  Later  it 
becomes  thickened,  sclerosed,  and  ansemic;  the  lining  cells  are  destroyed, 
and  the  tufts  become  large  and  projecting.  From  the  distention  of  the 
capsule  there  may  be  subluxations  or  luxations  of  the  joint,  or  the  cap- 
sule may  be  ruptured. 

Rheumatic  Arthritis. — An  acute  inflammation,  usually  exudative  in 
character  and  involving  one  joint  after  another,  is  characteristic  of  acute 
articular  rheumatism.     The  exudate  is  usually  serous. 

A  chronic  form  of  so-called  rheumatic  arthritis  is  most  common  in 
elderly  persons,  usually  affecting  several  joints  and  advancing  slowly  and 
steadily.     There  is  a  fibrous  thickening  of  the  sjmovial  membrane  and 

1  For  bibliography  of  pneumococcic  arthritis  see  Cave,  Lancet,  1001,  vol.  i.,  p.  82. 
'  See  bibliography,  p.  223.     For  chronic  streptococcus  arthritis  see  Davis,  Jour.  Amer.  Med.  Assn., 
1913,  Ixi,  724. 
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the  adjacent  tissue.  Fluid  accumulations  are  not  common.  The  artic- 
ular cartilages  are  apt  to  degenerate  or  ossify,  or  become  softened  and 
fibrillated,  and  they  may  disappear.  The  contracting  sjrnovial  mem- 
branes and  fibrous  tissue  render  the  joints  stiff  and  may  cause  consider- 
able deformity.  Not  infrequently  fibrous  and  bony  ankyloses  are  formed 
between  the  ends  of  the  bones. 

Arthritis  Deformans. — This  name  has  been  applied  to  a  variety  of 
chronic  inflammation  of  the  joints  which,  combined  with  degeneration  of 
parts  of  the  joint  and  the  new  formation  of  bone,  may  result  in  marked 
deformities  of  the  part.  The  disease  usually  occurs  in  elderly  persons  and 
is  apt  to  involve  several  joints,  most  frequently  the  hip,  knee,  fingers,  and 
feet.  It  may  be  idiopathic,  or  due  to  rheumatism  or  to  injuries,  or  follow 
an  acute  arthritis.  The  capsules  of  the  affected  joints  are  thickened  and 
sclerosed.  The  synovial  fluid  is  at  first  increased  in  quantity;  later, 
diminished  and  thickened.  The  tufts  of  the  synovial  membrane  become 
much  enlarged  and  vascular;  they  may  be  converted  into  cartilage. 
Sometimes  the  capsule  becomes  ossified.  The  new  bone  grows  from  the 
edge  of  the  cartilage  within  the  capsule  and  its  articular  surface  is  covered 
with  cartilage.  The  articular  cartilages  are  much  changed.  The  base- 
ment substance  splits  into  tufts,  while  the  cartilage  cells  are  increased  in 
number.  Or  the  basement  substance  becomes  fibrous;  or  it  is  split  into 
lamellae  and  the  cartilage  cells  are  multiplied;  or  there  are  fatty  degener- 
ation and  atrophy. 

As  a  result  of  these  changes,  larger  or  smaller  portions  of  the  cartilage 
are  destroyed  and  the  bone  beneath  is  laid  bare.  The  exposed  bone  may 
become  compact  and  of  an  ivory  smoothness.  The  ends  of  the  bones  are 
much  deformed.  They  are  flattened  and  made  broader  by  irregular  new 
growths  of  bone,  while  at  the  same  time  they  atrophy.  The  new  growth 
of  bone  starts  from  the  articular  cartilages.  The  cartilage  cells  increase 
in  number  and  the  basement  substance  grows  in  quantity.  This  growth 
is  most  excessive  at  the  edge  of  the  cartilage,  so  that  a  projecting  rim  is 
formed  there.  This  projecting  rim  may  ossify  next  the  bone,  and  at  the 
same  time  new  cartilage  may  form  on  its  surface,  so  that  we  may  find 
large  masses  of  bone  covered  with  cartilage.  All  these  changes  occur  in 
various  combinations  and  sequences,  so  that  joints  in  this  condition  pre- 
sent the  greatest  variety  of  appearances.* 

Arthritis  Uratica  (Gouty  Arthritis). — This  lesion  is  characterized  by  the 
deposit  of  salts  of  uric  acid  in  the  cartilages,  bones,  and  ligaments,  and 
also  in  the  cavities  of  joints.  The  deposits  may  be  in  the  form  of  stellate 
masses  of  acicular  crystals  in  and  about  the  cartilage  cells  or  in  the  base- 
ment substance;  or  they  may  be  deposited  in  the  fibrillar  connective- 
tissue  structures  of  the  joint  in  single  crystals,  or  in  the  subcutaneous 
tissue  about  the  joint  as  white  concretions.  The  deposits  may  occur  in 
repeated  attacks  of  the  disease,  and  are  accompanied  by  acute  inflam- 
matory changes.  They  may  lead  to  various  forms  of  chronic  inflamma- 
tion of  the  joints. 

^For  a  valuable  study  of  arthritis  deformans  see  NicfioU  and  Richardson^  Jour.  Med.  Res.,  xxi., 
149,  1909. 
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Tuberculous  Arthritis. — This  process  may  commence  in  the  synovial 
membrane  of  the  joint,  or  may  extend  to  the  joint  from  adjacent  bone. 
It  is  characterized  by  the  formation  of  tubercle  tissue  and  granulation 
tissue,  sometimes  in  great  quantity,  and  is  usually  associated  with  second- 
ary inflammatory  and  degenerative  changes  of  surrounding  parts. 
According  to  the  prominence  of  one  or  other  of  these  secondary  altera- 
tions, several  forms  of  tuberculous  arthritis  may  be  distinguished.  If 
there  is  an  excessive  growth  of  granulation  tissue  without  much  suppura- 
tion, this  constitutes  a  fungous  form.  Sometimes  there  is  extensive 
suppuration,  so  that  the  cavity  of  the  joint  may  be  filled  with  pus,  which 
may  be  discharged  through  openings  in  the  skin;  or  there  may  be  more 
or  less  extensive  formation  of  abscesses,  or  infiltration  of  the  soft  parts 
about  the  joint  with  pus.  In  other  cases  there  is  disintegration  of  the 
new-formed  tuberculous  tissue  and  of  the  tissues  of  the  joint — idcerative 
form.  The  cartilage  basement  substance  may  become  split  into  frag- 
ments and  the  cells  degenerate,  and  thus  deep  and  destructive  ulcers 
of  the  cartilage  may  be  formed.  Or  the  new  tissue  may  work  its  way 
through  the  cartilage  into  the  bone  beneath,  by  absorption  of  the  base- 
ment substance  of  the  cartilage,  with  or  without  proliferation  of  its  cells. 
Caries  and  necrosis  of  the  underlying  bone  may  lead  to  extensive  de- 
struction. Hand-in-hand  with  these  alterations  subperiosteal  new 
formation  of  bone  may  occur,  or  sclerosis  of  the  adjacent  bone  tissue. 
There  may  also  be  a  great  increase  of  fibrous  tissue  about  the  joint. 
The  type  of  lesion  depends  in  considerable  degree  upon  the  joint 
involved. 

This  disease  is  most  common  in  children  and  young  persons.  The 
so-called  scrofulous  diathesis  is  said  to  foster  it,  but  local  injuries  are 
frequently  the  predisposing  factors.  It  is  most  common  in  the  large 
joints.  It  may  occur  in  connection  with  tuberculous  inflammation  in 
other  parts  of  the  body,  but  it  is  frequently  quite  local,  and  may  remain 
80  for  a  very  long  time  or  permanently,  since  general  infection  from  tuber- 
culous arthritis  is  comparatively  infrequent. 

The  process  is  usually  slow,  and  may  end  in  death.  If  recovery  takes 
place  before  the  cartilages  and  bones  are  involved,  the  topography  of  the 
joint  is  maintained;  but  it  may  be  stiffened,  or  even  immovable,  from 
the  contraction  of  the  new  fibrous  tissue  around  it.  If  the  cartilages  and 
bones  are  diseased  the  joint  is  destroyed,  and  either  bony  or  fibrous 
ankylosis  results.  Sometimes,  from  the  change  in  the  articulating  sur- 
faces and  the  contraction  of  the  muscles  and  the  new  fibrous  tissue, 
partial  or  complete  dislocations  are  produced. 

Occasionally  miliary  tubercles  occur  in  the  sjrnovial  membranes  in 
cases  of  general  miliary  tuberculosis,  with  but  little  accompanying  simple 
inflammatory  change. 

TUMORS. 

Secondary  tumors  of  the  joints  as  a  result  of  local  extension  from  the 
adjacent  parts  are  not  uncommon,  and  the  tumors  may  be  of  various 
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kinds.  Primary  tumors  of  the  joints,  on  the  contrary,  are  not  very 
common. 

Lipoma. — A  new  growth  of  fat  tissue  may  begin  in  the  other  portions 
of  the  sjmovial  membrane,  push  this  inward,  and  project  into  the  joint 
in  a  mass  of  tufts — lipoma  arborescens. 

Fibroma  occurs  as  a  hypertrophy  of  the  little  tufts  and  fringes  of  the 
sjmovial  membrane.  In  this  way  large  polypoid  and  dendritic  bodies 
are  formed.  The  pedicles  of  these  growths  may  atrophy  and  even  dis- 
appear, so  that  the  growths  are  left  free  in  the  cavities  of  the  joints. 

Corpora  aliena  Arttculorum  (Loose  Cartilages  in  the  Joints). — This 
name  is  given  to  bodies,  of  various  structure  and  origin,  which  are  found 
free  or  attached  by  slender  pedicles  in  the  cavities  of  the  joints.  They  are 
most  frequently  found  in  the  knee;  next  in  order  of  frequency  in  the 
elbow,  hip,  ankle,  shoulder,  and  maxillary  joints.  They  may  be  single 
or  in  hundreds.  Their  size  varies  from  that  of  a  pin's  head  to  that  of 
the  patella.  They  are  polypoid,  rounded,  egg-shaped,  or  almond- 
shaped;  their  surface  is  smooth  or  faceted,  or  rough  and  mulberry-like. 
They  are  composed  of  fibrous  tissue,  cartilage,  and  bone  in  various 
proportions. 

These  bodies  are  formed  by  hyperplasia  of  the  synovial  tufts  and 
the  production  in  them  of  cartilage  and  bone. 

More  frequently  the  small  plates  of  cartilage  form  on  the  inner  surface 
of  the  synovial  membrane,  which  increases  in  size  while  their  outer  layers 
ossify.'  These  may  remain  fixed  in  the  sjmovial  membrane;  or  they  pro- 
ject and  become  detached  from  it,  and  they  then  appear  as  flattened, 
concave  bodies  composed  of  bone  covered  with  cartilage  on  one  side. 

On  the  other  hand,  cartilage  and  bone  may  form  outside  the  synovial 
membrane  from  the  periosteum  or  the  edges  of  the  articular  cartilages, 
and,  pushing  inward,  may  later  become  detached. 

Rarely  portions  of  the  articular  cartilages  may  be  detached  by  vio- 
lence or  disease;  or  fibrinous  and  other  concretions  may  form  in  arthri- 
tis, or  under  conditions  which  we  do  not  understand.* 

^  For  a  detailed  consideration  of  lesions  of  the  bones  and  joints  consult  ZieoUr^  "  Lehrbuch  der 
Pathologie,"  vol.  iu 


CHAPTER  XIV. 

THE  NERVOUS  SYSTEM. 

The  Membranes  and  the  Ventricles. 
The  Dura  Mater  Cerebralis. 

The  dura  mater  is  a  dense  connective-tissue  membrane  which  serves  the  double 
purpose  of  a  periosteum  for  the  inner  surface  of  the  cranial  bones,  and  of  an  investing 
membrane  for  the  brain.  It  is  itself  but  poorly  supplied  with  blood-vessels,  but  it  con- 
tains the  large  venous  sinuses  which  carry  the  blood  from  the  brain.  Lesions  of  the 
dura  mater,  therefore,  are  apt  to  be  associated  with  lesions  of  the  cranial  bones,  of  the 
pia  mater,  or  of  the  venous  sinuses. 

In  young  children  the  dura  mater  adheres  closely  to  the  inner  surface  of  the  cranial 
bones,  in  adults  it  is  more  readily  detached,  and  in  old  persons  it  is  again  more  adher- 
ent. Chronic  inflammation  of  the  external  layers  of  the  dura  mater  also  renders  it 
more  adherent  to  the  bones. 

HAEMORRHAGE. 

Extravasated  blood  may  lie  between  the  dura  mater  and  the  cranial 
bones,  in  the  substance  of  the  membrane,  or  between  the  dura  mater  and 
the  pia  mater. 

Haemorrhages  between  the  dura  mater  and  the  cranial  bones  are  usu- 
ally due  to  blows  and  injuries  of  the  head,  are  often  of  considerable  siie, 
separating  the  membrane  from  the  bones,  and  may  compress  the  brain. 
They  are  often  associated  with  laceration  of  the  brain,  and  with  haemor- 
rhages between  the  dura  mater  and  pia  mater. 

Haemorrhages  between  the  dura  mater  and  the  pia  mater  may  take 
place  from  the  vessels  of  either  membrane.  Those  from  the  vessels  of 
the  dura  may  result  from  chronic  pachymeningitis. 

Haemorrhages  into  the  substance  of  the  dura  mater  are  not  frequent 
and  are  usually  small. 

Pressure  on  the  head  of  the  infant  in  delivery  may  cause  extravasa- 
tions of  blood  between  the  bones  and  the  dura  mater,  as  well  as  between 
the  bones  and  the  pericranium. 

THROMBOSIS. 

Thrombosis  of  the  venous  sinuses  is  not  uncommon.  It  is  often  associ- 
ated with  inflammation  of  the  dura  mater  and  with  injuries  and  inflam- 
mations of  the  brain  and  pia  mater,  of  the  cranial  bones,  of  the  middle 
ear,  and  of  the  scalp.  Like  thrombosis  in  other  parts  of  the  body,  it 
may  occur  in  the  infectious  and  exhausting  diseases.  It  may  occur  in 
apparently  healthy  persons  without  discoverable  cause.  The  thrombi 
may  be  red  or  white,  and  firm.     They  may  induce  no  secondary  chM«c5. 
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or  they  may  extend  into  the  veins  and  induce  hemorrhagic  softening  of 
the  involved  areas  of  the  brain. 

INFLAHHATIOH.     (Pacbj^neningitiB.} 

This  may  involve  the  external  layers  of  the  membrane,  pachymenin- 
gitis externa,  or  the  internal  layers,  pachymeninffitia  interna.  It  may  be 
either  acute  or  chronic.  The  tissues  of  the  substance  of  the  dura  mater 
participate  to  a  greater  or  les8  degree  in  these  changes,  but  the  chief 
lesions  are  upon  the  surfaces. 

Acute  Pachymeningitis  Externa  is  usually  secondary  to  injuries  or  dis- 
eases of  the  cranial  bones;  thus  it  may  be  incited  by  fractures  of  the 
skull,  either  depressed  or  not,  osteitis,  caries,  suppurative  inflammation 
of  the  internal  and  middle  ear  and  of  the  mastoid  cells.     The  dura  mater 


is  commonly  congested  and  swollen,  and  may  contain  small  ecchymoses. 
The  inflammation  is  usually  suppurative,  and  pus  may  accumulate  be- 
tween the  membrane  and  the  bone,  or  in  the  substance  of  the  membrane. 
The  areas  of  inflammation  are  not  usually  extensive.  It  sometimes 
leads  to  thrombosis  of  the  venous  sinuses,  and  sometimes  gangrene  of  the 
dura  mater  occurs.  The  inflammation  may  extend  to  the  inner  surface 
of  the  dura  mater,  to  the  pia  mater  and  brain,  or  it  may  remain  localized 
and  undergo  resolution. 

Acute  Pachymeningitis  Interna  may  be  secondary  to  inSammation  of 
the  external  surface,  or  it  may  occur  as  a  complication  in  pysemia,  puer- 
peral fever,  chronic  diffuse  nephritis,  in  the  exanthemata  and  erysip- 
elas, or  independently.  There  is  a  general  or  circumscribed  production 
of  fibrin  and  pus,  so  that  the  internal  surface  of  the  membrane  is  lined 
OTth  a  layer  of  soft,  yellow  exudate. 

^mpte  Chronic  Pachymeningitis  consists  in  the  formation  of  new  con- 
nective tissue  in  the  dura  mater,  by  which  it  becomes  thicker  and  in 
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many  cases  abnormally  adherent  to  the  bones  of  the  skull.  This  thick- 
ening may  be  general  or  circumscribed,  and  may  involve  the  entire 
thickness  of  the  membrane.  Not  infrequently,  when  the  external  layers 
are  especially  involved,  firm  adhesions  to  the  skull  occur,  with  ossifi- 
cation of  the  outer  layers,  so  that  shreds  of  the  membrane  containing 
little  masses  of  bone  (osteophytes)  remain  sticking  to  the  skull  when 
the  membrane  is  stripped  off. 

Pachymeningitis  Interna  Hsemorrhagica. — This  is  an  important  form 
of  chronic  inflammation  of  the  internal  layer  of  the  dura  mater,  character- 
ized by  the  formation  of  layers  of  new  delicate 
connective  tissue  with  numerous  very  thin-walled 
blood-vessels  from  which  the  blood  is  prone  to 
escape.  The  membrane  may  at  first  appear  as 
a  delicate  fibrinous  pellicle,  with  small  red  spots 
scattered  through  it,  or  it  may  look  like  a  simple 
reddish  or  brown  staining  of  the  inner  surface  of 

Fio.  634.-BRAIN  Sand  prom     *^®  ^^^*.  ^^^^"^^      Microscopical    examination 
pachtmeningitis  Interna,      shows  this  membrane  to  consist  of  numerous 

blood-vessels,  mostly  capillaries  with  very  thin 
walls,  which  may  be  distended  or  pouched,  and  which  have  grown  out 
from  the  vessels  of  the  dura  mater  (Fig.  633).  Between  the  vessels  is  a 
homogeneous  or  slightly  differentiated  basement  substance,  containing  a 
variable  number  of  spheroidal,  fusiform,  or  branching  cells.  Red  blood 
cells  in  variable  quantity,  blood  pigment  in  various  forms,  frequently  en- 
closed in  the  new  cells,  and  small  calcareous  concretions  (brain  sand)  (Fig. 
634),  also  lie  in  the  intervascular  spaces.  In  more  advanced  stages  the 
new  membrane  may  become  greatly  thickened,  its  outermost  layers  being 
changed  into  dense  fibrous  tissue  with  obliteration  of  the  vessels;  while 
the  more  recently  formed  layers  are  similar  in  structure  to  those  at  first 
developed.  Considerable  blood  usually  escapes  by  diapedesis  from  the 
vessels  of  the  new  membrane  in  all  stages  of  its  formation.  The  vessels 
are  also  very  liable  to  rupture,  giving  rise  to  extensive  hemorrhages 
either  into  the  substance  of  the  membrane  or  between  it  and  the  pia  mater. 
Sometimes  masses  of  new  tissue  and  blood,  from  half  an  inch  to  an  inch 
or  more  in  thickness,  are  formed  in  this  way,  greatly  compressing  the 
brain.  These  new  membranes  are  most  frequently  formed  over  the 
convexity  of  the  brain,  but  may  extend  over  nearly  the  entire  surface 
of  the  dura  mater.  Sometimes,  when  old,  the  entire  membrane,  densely 
pigmented  and  firm,  lies  loosely  beneath  the  dura  mater  without  com- 
pressing the  brain  or  giving  any  clinical  indication  of  its  presence.  The 
membrane  may  induce  chronic  changes  in  the  pia  mater,  with  or  without 
accompanying  changes  in  the  cortical  portion  of  the  brain. 

Rarely,  serum  accumulates  between  the  layers  of  the  new  membranes 
and  in  this  way  cysts  of  large  size  may  be  formed.  In  rare  cases  diffuse 
suppuration  of  the  entire  new  membrane  occurs. 

The  slighter  degrees  of  this  form  of  inflammation  may  occasion  no 
symptoms  during  life.  They  are  not  infrequently  found  in  persons  suf- 
fering from  various  chronic  brain  lesions  and  from  chronic  alcoholism, 
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but  they  may  occur  unassociated  with  complicating  lesions.  The  more 
advanced  forms  of  the  lesions  are  frequently  found  in  idiots,  epileptics, 
etc. 

Tuberculous  Pachymeningitis  may  occur  secondarily  to  that  form  of 
inflammation  in  the  pia  mater  or  the  bones,  or  as  a  part  of  general  miliary 
tuberculosis.  The  tubercles  may  be  situated  on  either  surface  of  the 
membrane  or  in  its  substance,  and  may  be  single,  or  aggregated  forming 
large  masses. 

Syphilitic  Pachymeningitis  manifests  itself  by  the  formation  of  so-called 
gummy  tumors  upon  either  the  external  or  internal  surface  of  the  dura 
mater.  These  tumors  may  be  single  or  multiple,  and  vary  greatly  in 
size.  They  may  be  accompanied  by  simple  inflammatory  changes  in  the 
dura  mater  in  their  vicinity.  They  may  undergo  suppuration  with  the 
formation  of  abscess.  The  inflammation  may  extend  to  the  pia  mater, 
inducing  simple  or  syphilitic  meningitis  and  adhesions  between  the  dura 
mater  and  pia  mater.  The  gummata  may,  on  the  other  hand,  when 
occurring  on  the  outer  surface  of  the  membrane  cause  absorption  and 
perforation  of  the  bones  of  the  skull. 

TUMORS. 

Fibromata  and  lipomata  occur  rarely  in  the  dura  mater  and  are  of 
small  size. 

Small  chondromata  are  sometimes  found  connected  with  the  dura 
mater  at  the  base  of  the  brain. 

Osteomata. — In  addition  to  the  formation  of  osteophytes  in  chronic 
external  pachymeningitis,  plates  and,  more  rarely,  globular  masses  of 
bone  may  be  formed  in  the  dura  mater,  unconnected  with  the  bones 
of  the  skull.  They  are  most  frequently  found  in  the  falx  cerebri,  but 
may  occur  elsewhere.  The  new  bone  may  be  dense  or  loose  in  texture, 
and  usually  produces  no  symptoms. 

Endotheliomata.^ — These  tumors  may  grow  inward  or  outward,  caus- 
ing pressure  on  the  brain  or  absorption  and  perforation  of  the  bones;  they 
often  attain  considerable  size.  Some  of  these  tumors  somewhat  resemble 
certain  forms  of  epithelioma,  and  have  often  been  described  as  primary 
carcinomata.  They  vary  in  character,  being  sometimes  formed  of 
densely  packed  masses  of  flattened  cells  with  little  fibrous  stroma  (Fig. 
219),  sometimes  lobulated  with  considerable  dense  stroma  in  narrow  or 
broad  bands.  In  other  cases,  the  polyhedral  or  cuboidal  cells  are  con- 
spicuously grouped  around  blood-vessels.  Again,  the  cells  form  con- 
centric, densely  packed  masses,  either  around  vessels  or  around  a  central 
cell  group  (Fig.  220).  These  form  one  of  the  types  of  psammoma,  and 
the  concentric  borders  are  often  calcified. 

Sarcomata  are  the  most  common  tumors  of  the  dura  mater,  and  of 
these  the  spindle-celled  forms  are  of  more,  the  round-  and  polyhedral- 
celled  forms  of  less,  frequent  occurrence.     They  may  grow  from  either 

1  For  a  oonaidemtion  of  tumore  of  the  dura  mater  allied  to  the  a&dotheliomata  consult  DaoonH^ 
Arch,  de  m^d.  exp.,  t.  iv.,  p.  361,  1892. 
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surface  of  the  membrane.  Some  of  the  round-  and  polyhedral-celled 
forms  are  soft  and  very  vascular,  and  are  apt  to  involve  the  neighboring 
pia  mater  and  brain  tissue,  or  the  bones  of  the  skull,  which  they  may 
perforate.  They  sometimes  project  through  the  opening  in  the  skull 
in  fungous,  bleeding  masses. 


Fia.  S3G.— FsAMMOUi.  or  the  Ddba  IUtkb. 

Psammomata  are  small  globular  tumors,  often  multiple  and  pedicu- 
lated,  growing  from  the  inner  surface  of  the  dura  mater.  They  are 
usually  composed  of  tissue,  fibrous,  sarcomatous,  or  endotheliomatous 
in  character,  and  contain  variously  shaped  calcareous  concretions  similar 
in  appearance  to  the  so-called  brain  sand'  (Fig.  635). 

Tlie  Pla  Mater  Cerebralis 
General  Characters  of  the  Pi*  Hater. 

The  external  surface  of  the  brain  is  inveated  by  a  connective- tissue  membnuie 
which  covers  the  convolutions,  dips  down  into  the  sulci,  and  extends  into  the  ventridf*. 
This  membrane  is  abundantly  supplied  ivith  blood- vessels,  and  from  it  numerous  ves- 
sels extend  into  the  brain,  so  that  any  disturbance  in  the  circulation  of  the  blood  in 
the  pia  mater  involves  a  disturbance  in  the  circulation  of  the  blood  in  the  brain  alw. 

The  connective  tissue  which  makes  up  the  pia  mater  is  arranged  in  a  series  of 
membranes  and  fibres  reinforced  by  elastic  tissue,  so  arranged  as  to  form  a  spougr 
membrane  containing  numerous  cavities  more  or  less  filled  with  fluid.  These  cavitia 
are  continuous  with  the  perivascular  spaces  which  surround  the  vessels  that  pHi 
from  the  pia  mater  into  the  brain.  The  outer  layers  of  the  pia  mater  are  the  most 
compact,  and  are  covered  on  their  outside  surface  by  a  continuous  layer  of  endothelial 
cells.  This  external  layer  of  the  pia  mater  is  often  described  as  a  separate  membnne 
called  the  "  arachnoid,"  but  It  is  really  only  part  of  the  pia.  The  deeper  layers  of  the 
pia  contain  the  blood-vessels.  The  membranes  and  fibres  which  compose  the  pia 
mater  are  partly  coated  with  cells  which  have  irregular  and  deficate  cell  bodies  ud 
large,  distinct  nuclei. 

Along  the  borders  of  the  longitudinal  fissure,  and,  more  rarely,  on  the  under  sur- 
face of  the  brain,  are  a  number  of  small,  white,  firm,  irregular  bodies,  the  Pacckimian 
bodies.  They  \-ary  in  size,  number,  and  in  the  extent  of  the  surface  of  the  hemispbcrts 
which  they  cover.  They  may  perforate  the  dura  mater,  or,  more  rarely,  the  wailo' 
the  longitudinal  sinus,  and  may  produce  erosions  of  the  skull  bones.  They  are  ocbd- 
posed  of  fibrous  tissue  and  may  undergo  fatty  or  calcareous  degeneration.  We  ue 
ignorant  as  to  their  origin,  and  as  to  the  causes  of  their  variations  in  siie  and  nuinbff. 

3ult  EmM.  "Ueb^rPjummoiDi!,"  in  Ziecler's  BdtilcB  (W  p><^ 
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The  frequency  of  their  occurrence,  and  the  absence  of  any  known  pathological 
signi6cance,  warrant  our  regarding  them  as  essentially  normal  structures. 

The  pia  mater  is  frequently  thickened,  opaque,  and  white,  either  in  diffuse  patches 
or,  more  commonly,  along  the  course  of  the  vessels.  In  other  cases  single  or  multiple 
small  white  spots,  of  the  size  of  a  pin's  head  or  smaller,  may  be  seen  in  the  membrane, 
not  appreciably  elevated  above  the  surface,  but  due  to  localized  thickening.  These 
slight  opacities  of  the  pia  mater  are  commonly  believed  to  be  dependent  upon  repeated 
congestions  of  the  membrane  or  upon  chronic  meningitis,  but  there  is  no  evidence  that 
this  is  always  the  case.  They  are  most  frequently  found  in  old  persons,  but  may  exist 
at  any  age,  and  do  not  necessarily  indicate  the  pre-existence  of  disease. 

The  amount  of  blood  contained  in  the  vessels  of  the  pia  mater  after  death  varies 
greatly,  and  is  by  no  means  a  reliable  indication  of  the  amount  present  during  life.  In 
general  ansemia  the  vessels  of  the  pia  mater  may  contain  little  blood,  but,  on  the  other 
hand,  they  sometimes  seem  to  contain  a  relatively  larger  amount  than  other  parts  of 
the  body.  In  oedema  of  the  brain  and  pia  mater  the  vessels  of  the  latter  may  contain 
but  a  small  amount  of  blood. 

(EDEMA. 

The  quantity  of  serum  beneath  the  pia  mater  and  infiltrating  its 
tissue  is  very  variable  in  amount.  It  may  accumulate  as  a  result  of 
atrophy  of  the  brain  substance  or  of  venous  hypersemia,  and  sometimes 
is,  and  sometimes  is  not,  accompanied  by  oedema  of  the  brain  substance. 
It  may  be  diffuse  or  localized.  It  is  not  infrequent  to  find  in  hospital 
patients  sufifering  from  chronic  nephritis,  cardiac  or  pulmonary  disease, 
or  chronic  alcoholism,  a  very  considerable  amount  of  serum  in  this  situa- 
tion, though  the  patient  has  been  free  from  cerebral  symptoms.  In 
other  cases  a  serous  efifusion  may  accompany  grave  cerebral  symptoms. 
It  b  necessary  to  be  very  careful  in  judging  of  the  importance  of  this 
accumulation  of  fluid,  especially  in  determining  the  cause  of  death  in 
the  absence  of  other  marked  lesions. 

It  should  always  be  borne  in  mind  that  an  accumulation  of  fluid 
beneath  the  pia  mater  and  in  its  meshes  may  occur  as  a  result  of  post- 
mortem changes.^ 

HYPERiEMIA  AND  HJEMORRHAGE. 

Hypersemia. — The  pia  mater  may  be  hypersemic  in  early  stages  of 
meningitis,  in  delirium  tremens,  in  epileptic  convulsions,  in  infectious 
diseases,  and  in  poisoning.  It  may  be  due  to  the  pressure  of  exudates  or 
tumors  on  the  veins,  or  to  general  or  local  lesions  of  the  circulatory 
system.  The  time  which  elapsed  between  death  and  the  autopsy,  the 
position  in  which  the  body  has  lain,  the  coagulability  of  the  blood,  may 
have  an  important  bearing  upon  the  amount  and  situation  of  blood  in 
the  pia. 

Haemorrhage. — This  may  occur  either  into  the  space  between  the  dura 
mater  and  the  pia  mater — intermeningeal  hcemorrhage — or  in  the  meshes 
of  the  pia  or  between  the  latter  and  the  brain.  It  may  be  due  to  injury, 
to  rupture  of  aneurisms  or  otherwise  diseased  blood-vessels,  to  throm- 
boses of  the  venous  sinuses,  or  to  conditions  which  we  are  unable  to 
ascertain.     Haemorrhages  without  known  cause  not  infrequently  occur  in 

*  For  study  of  oedema  of  the  pia  arachnoid  see  SlUlman,  Arch.  Int.  Med.,  1911,  \'iii..  193. 
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the  substance  of  the  pia  mater  in  young  children,  but  in  adults  they  are 
apt  to  be  the  result  of  injury.  Multiple  ecchymoses,  however,  in  the 
substance  of  the  pia  mater  sometimes  occur  in  infectious  diseases  and 
also  in  acute  inflammation  of  the  pia  mater.  Haemorrhages  in  the  brain 
substance  may  lead  to  the  accumulation  of  blood  beneath  or  in  the 
meshes  of  the  pia  mater.  Intermeningeal  haemorrhage  in  infants  as  a 
result  of  injury  during  birth  is  not  uncommon.  Small,  or  sometimes 
considerable,  extravasations  of  blood  may  occur  from  diapedesis,  and 
sometimes,  as  a  result  of  chronic  congestion,  degenerated  blood  pigment 
collects  along  the  walls  of  the  vessels.  The  extravasated  blood  in  menin- 
geal haemorrhage,  if  small  in  quantity,  may  be  largely  absorbed,  leaving 
a  greater  or  smaller  accumulation  of  pigment  at  the  seat  of  the  haemor- 
rhage.    Such  pigmentations  may  last  for  a  long  time. 

INFLAISMATION.     (Meningitis— Leptomeningitis.) 

We  distinguish  acute,  chronic,  tuberculous,  and  syphilitic  meningitis. 

Acute  Meningitis  may  occur  as  the  characteristic  lesion  of  epidemic 
cerebro-spinal  meningitis;  it  is  a  not  very  infrequent  complication  of 
pneumonia,  typhus  and  t)^hoid  fever,  the  exanthemata,  and  of  chrom'c 
diffuse  nephritis;  it  may  be  secondary  to  injuries  and  inflammation  of 
the  cranial  bones,  of  the  dura  mater,  and  of  the  middle  ear,  and  it  some- 
times occurs  as  an  independent  infectious  process. 

In  acute  meningitis  the  inflammatory  process  is  apt  to  extend  down- 
ward and  involve  the  pia  mater  of  the  cord.  It  may  also  involve  the 
ependyma  of  the  ventricles,  and  cause  the  distention  of  these  cavities 
with  serum.  This  latter  condition  is  especially  frequent  in  young 
children. 

It  is  convenient  to  consider  two  varieties  of  acute  meningitis,  one  in 
which  there  is  cell  proliferation  with  little  or  no  exudate,  the  other  in 
which  exudate  is  present.  In  many  cases  at  least,  the  first  may  be  the 
early  stage  of  the  latter  form. 

1.  Acute  Cellular  Meningitis. — The  pia  mater  is  congested,  its 
surface  is  dry  and  lustreless,  and  it  is  somewhat  opaque.  The  changes 
in  the  gross  appearance  of  the  membrane  are  not  marked  and  are  easily 
overlooked,  but  the  minute  changes  are  more  decided.  There  is  a  pro- 
liferation of  the  endothelial  and  connective-tissue  cells  of  the  pia,  and 
often  a  moderate  collection  of  fluid  and  leucoc3rtes  in  the  meshes  of  the 
pia.  This  cell  proliferation  may  involve  the  pia  mater  over  most  of  the 
surface  of  the  brain.  This  form  of  meningitis  b  of  frequent  occurrence 
and  is  attended  with  the  ordinary  clinical  symptoms  of  acute  meningitis. 

2.  Acute  Exudative  Meningitis  is  characterized  by  the  accumu- 
lation, chiefly  in  the  meshes  of  the  pia  mater  and  along  the  walls  of  the 
blood-vessels,  of  variable  quantities  of  serum,  fibrin,  and  pus.  Some- 
times one,  sometimes  another  of  these  preponderates,  giving  rise  to 
serous,  fibrinous,  or  purulent  forms  of  the  inflammation.  The  absolute 
quantities  of  the  exudations  also  vary  greatly.  In  some  cases  death 
may  occur  with  so  slight  a  formation  of  exudate  that  to  the  naked  eye 
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the  pia  mater  may  look  quite  normal  or  perhaps  only  moderately  hyper- 
xmic  or  cedematous;  the  microscope,  however,  in  these  cases  will  reveal 
pus  cells  in  small  numbers,  newly  formed  connective-tissue  cells  (Fig.  636 
and  Fig.  637),  and  sometimes  flakes  of  fibrin  in  the  meshes  of  the  pia  and 
along  the  walls  of  the  vessels.  In  other  cases  turbid  serum  in  the  meshes 
of  the  membrane  is  all  that  can  be  seen  and  the  microscope  shows  the 


Flo.  83S.— AcITTB  Exudative  Mihinoitu. 

Showing  diateutioli  of  U»  mobea  of  the  pia  mater  o[  the  brain  with  fluid,  in  which  an 

leucocyUa  and  eifoUaMd  endotbelium,  the  latter  undBiioinc  pnlifentioD. 

turbidity  to  be  due  to  pus  cells  or  to  a  small  amount  of  fibrin.  Again, 
either  with  or  without  marked  tedema  of  the  pia  mater,  yellowish 
stripes  are  seen  along  the  sides  of  the  veins,  sometimes  appearing  like 
faint  turbid  streaks,  at  other  times  dense,  opaque,  thick,  and  wide,  and 
almost  concealing  the  vessels.  These  are  due  to  the  accumulation  of 
pus  cells  and  fibrin  in  large  quantities  along  the  vessels,  and  are  best 


Fro.  637. — AcTTTB  Eikdativb  Me> 


seen  and  most  abundant  around  the  larger  veins  which  pass  over  the 
sulci.  In  still  other  cases  the  infiltration  with  pus  and  fibrin  is  so  dense, 
thick,  and  general,  that  the  brain  tissues,  convolutions,  and  most  of 
the  vessels  of  the  pia  mater  themselves  are  concealed  by  it.  This  pus  is 
usually  of  a  greenish  yellow  color,  and  is  sometimes  so  thick  aa  to  form 
a  sort  of  cast  of  the  brain  surface  at  the  seat  of  the  lesion  (Fig,  638), 
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Sometimes  extravasated  red  blood  cells  are  mingled  with  the  other  exu- 
dations, as  the  result  of  diapedesis.  Microscopical  examination  shows 
numerous  white  blood  cells  sticking  in  the  walls  of  the  veins  and  capil- 
laries, or  the  vessels  may  be  blocked  with  them.  It  is  evident  that  a  large 
part  of  the  pus  cells  accumulate  as  the  result  of  emigration.  The 
connective-tissue  cells  of  the  pia  mater  may  be  detached  from  their 
places  or  degenerated.  The  endothelial  cells  and  other  connective- 
tissue  cells  may  proliferate.  In  some  cases  there  are  considerable  accu- 
mulations of  pus  between  the  pia  mater  and  the  brain  substance  aad 
along  the  vessels  which  enter  the  latter.  More  rarely  pus  is  found  upon 
the  free  surface  of  the  membrane.     The  brain  substance  mav  be  eom- 


a,  Convolutknu  of  cerebnim;  b. 
brain  from  pia  and  aurrouDded  by  a  hi 

pressed  by  the  accumulated  exudate,  so  that  the  convolutions  are  flattened. 
The  cortical  portion  of  the  brain  may  be  simply  infiltrated  with  serum 
— (edematous — or  it  may  undergo  degenerative  changes,  or  it  may  be 
the  seat  of  punctate  hemorrhages.  Not  infrequently  the  inflammation 
extends  to  the  ventricles  which  may  contain  purulent  serum,  and  to  the 
pia  mater  of  the  cord.  This  form  of  inflammation  is  most  frequent  on 
the  convexity  of  the  brain,  but  may  extend  or  even  be  confined  to  tbe 
base.  It  may  be  localized,  but  frequently  extends  widely  over  the  sur- 
faces of  the  hemispheres. 

When  recovery  from  acute  exudative  meningitis  occurs  there  may  be 
fatty  degeneration  of  the  cells  which  have  accumulated  in  the  pia  mater, 
particularly  along  the  vessels  (Fig.  639),  and  this  may  produce  while 
patches  in  the  membrane  and  threads  along  the  blood-vessels,  which 
resemble  the  appearance  of  an  accumulation  of  exudate  in  the  acute 
stage.  Fatty  degeneration  of  the  blood-vessels  and  cells  of  the  pi* 
mater  may  also  occur  without  acute  inflammatory  changes. 

Sometimes,  in  children  and  young  adults,  inflammatory  changes  in 
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the  ventricles  persist  for  days  and  weeks  after  the  subsidence  of  the 
inflammation  of  the  pia  mater. 

For  a  discussion  of  the  bacterial  excitants  of  exudative  meningitis 
see  page  223.' 

Chronic  Henln^tls. — The  entire  pia  mater  may  be  involved  or  the 
inflammation  may  be  confined  to  the  base  alone  (basilar  meningitis),  or  to 
the  convexity  alone,  or  to  circumscribed  patches  of  the  membrane.  The 
pia  mater  is  thickened  and  opaque,  the  thickening  being  sometimes  very 
considerable.  There  is  a  formation  of  new  connective  tissue  and  this 
may  be  associated  with  accumulation  of  pus,  fibrin,  and  serum;  the  rela- 
tive quantity  of  these  inflammatory  products  varies  in  different  cases. 


Fio.  939.— Fat 


Firm  and  sometimes  extensive  adhesions  may  be  formed  between  the 
dura  mater  and  the  pia  mater.  Not  infrequently  the  cortical  portions 
of  the  brain  participate  in  the  process,  and  there  is  an  infiltration  of  small 
spheroidal  cells  around  the  blood-vessels,  thickening  of  the  walls  of  the 
vessels,  and  degenerative  changes  and  atrophy  of  the  nerve  tissue.  New 
connective  tissue  may  also  form  in  the  brain  substance,  which  may 
become  closely  adherent  to  the  pia  mater.  The  ventricles  of  the  brain 
also  may  contain  an  increased  amount  of  serum  and  may  be  dilated, 
the  ependyma  may  be  thickened  and  roughened.  This  form  of  inflam- 
mation may  be  the  result  of  injury  or  disease  of  the  cranial  bones,  or 
secondary  to  chronic  pachymeningitis  or  to  inflammation  of  the  brain 
substance.  It  may  occur  in  the  vicinity  of  tumors  of  the  brain  or  menin- 
ges. It  may  be  a  complication  of  chronic  diffuse  nephritis  or  the  result 
of.  chronic  alcoholic  poisoning.  It  may  occur  in  marked  form  in  general 
paresis  of  the  insane. 

1  The  ckwe  topo^raphjc  rclatkuishjps  which  the  nasal  cavitjes  and  the  middle  ear  bear  to  ths 
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Tuberculous  Menluf^tls. — This  is  especially  characterized  by  the  for- 
mation ia  the  pia  mater  of  miliary  tubercles,  associated  with  more  or  less 
well-marked  exudative  inflammation.  It  may  occur  in  adults  or  in 
children,  but  is  more  common  in  the  latter.  The  dura  mater  may  be 
unchanged,  or  its  inner  surface  may  be  sprinkled  with  miliary  tubercles. 
The  pia  mater  may  or  may  not  be  congested ;  it  may  look  dry  on  the  sur- 
face or  it  may  be  cedematous.  Usually  the  brain  seems  to  fill  the  cere- 
bral cavity  to  an  unusual  degree,  and  the  convolutions  are  flattened.  U 
the  pia  mater  be  cedematous  the  serum  may  be  clear,  or  turbid  with  pua 
and  fibrin.  The  membrane  may  present  any  of  the  general  appearances 
of  exudative  meningitis,  but  always  in  addition  to  these,  and  sometimes 
without  them,  are  found  miliary  tubercles.  These  may  be  few  and  widely 
scattered,  or  present  in  great  numbers.  They  are  most  numerous  along 
the  blood-vessels,  but  may  occur  anywhere.  They  are  usually  abundant 
at  the  base  of  the  brain.  On  the  convexity  they  are  most  common  along 
the  surfaces  of  the  sulci.  Some  of  the  tubercles  are  so  small  as  to  be 
scarcely  visible  or  entirely  invisible  to  the  naked  eye;  others  are  as  large 
as  a  pin's  head  or  larger.  They  may  be  formed  in  the  membranous 
prolongations  of  the  pia  mater  which  dip  into  the  sulci,  around  the  ves- 


a  peripberal  lone  of  grnnU  c«Ug.     The  leucocylea  are  mcnsMd  ia  th«  meahea  of  the  pin. 

sels  which  enter  the  brain  substance,  in  the  choroid  plexus  and  ependyin& 
of  the  ventricles,  and  may  exist  in  the  spinal  cord. 

The  miliary  tubercles  have  the  usual  structural  characters  of  focal 
tuberculosis  in  connective  tissue  (Fig.  640). 

In  children  the  ventricles  are  usually  more  or  less  distended  by  an 
accumulation  of  transparent  or  turbid  serum,  and  the  walls  of  the  ven- 
tricles may  be  studded  with  miliary  tubercles  (see  Fig.  641).  In  adults 
the  ventricles  are  less  frequently  involved.  The  brain  tissue  around 
the  ventricles  is  often  softened.  The  central  canal  of  the  spinal  cord 
may  also  be  dilated.  It  is  the  dilatation  of  the  ventricles  which  causes 
the  flattening  of  the  convolutions,  and  the  flattening  is  usually  in  direct 
proportion  to  the  amount  of  accumulated  fluid. 

Owing  to  the  frequency  of  the  dilatation  of  the  ventricles  with  serum 
in  children,  the  disease  is  often  called  acute  hydrocephalvs. 

In  both  children  and  adults  the  tuberculous  inflammation  may  pro- 
duce large  masses  of  tuberculous  tissue,  which  undergo  cheesy  d^eners- 
tion,  and  may  involve  the  brain  tissue. 

In  almost  all  cases  of  tuberculous  meningitis  there  is  tubercoioDs 
inflammation  in  other  parts  of  the  body. 
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Miliary  tubercles  in  the  choroid  of  the  eye  are  present  in  a  conalderable 
proportion  of  caaea. 

The  cortex  of  the  brain  may  be  hypersmic,  and  punctate  haemor- 
rhages may  be  present  in  the  cortex  and  in  the  pia  mater. 

Syphilitic  Mening^tlB. — In  this  form  of  inflammation,  which  is  usually 
circumscribed,  there  is  a  development  of  gummy  tumors  of  variable  size, 
frequently  associated  with  simple  inflammation  of  the  membrane,  either 
with  the  formation  of  serum,  fibrin,  and  pus,  or  with  the  development 


1  ependynu  wiUioiit  marked 

-of  new  connective  tissue  and  consequent  thickening  of  the  membrane. 
The  gummata  may  form  in  the  pia  mater  covering  the  convexity,  or  at 
the  base  of  the  brain.  They  may  grow  outward,  involving  the  dura 
mater;  or  inward,  encroaching  upon  or  involving  the  brain  tissue. 
Although  usually  circumscribed,  syphilitic  inflammation  may  occur  as 
a  disuse  thickening  of  the  membrane.  The  syphilitic  nodules,  includ- 
ing the  gummata  and  new-formed  connective  tissue,  are  often  very 
small,  but  may  be  as  large  as  a  hen's  egg. 

TUMORS. 

Htematoma. — In  chronic  pachymeningitis  of  long  standing  the  new 
.  connective  tissue  may  form  large,  flat  cysts  between  the  dura  mater  and 
the  pia  mater,  which  may  compress  the  surface  of  the  brain.  The  blood 
originally  contained  in  these  cysts  may  be  absorbed  and  replaced  by 
serum,  the  attachments  to  the  dura  mater  may  disappear,  and  the  whole 
.appearance  becomes  that  of  an  independent  cyst  between  the  dura  mater 
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and  the  pia  mater.  Fibroma,  lipoma,  myxoma,  chondroma,  and  osteomi 
are  of  rare  occurrence. 

Endothellomata. — These  tumors  are  of  not  infrequent  occurrence,  and 
may  grow  from  the  pia  of  the  cerebrum  or  cerebellum  or  from  the  choroid 
plexus.  They  may  be  single  or  multiple.  They  may  be  small  or  so 
large  as  seriously  to  compress  the  brain. 

Some  of  them  are  composed  of  a  connective-tissue  stroma  which 
encloses  regular  spaces  filled  with  large,  flat,  nucleated  cells.  These  m&y 
resemble  carcinoma.     Some  of  them  are  composed  of  a  connective-tissue 


Fig.  642.— Eni 


stroma  which  forma  cavities  lined  with  cylindrical  epithelium.  In  such 
tumors  the  stroma  may  grow  so  as  to  form  papilla  covered  with  cylin- 
drical epithelium;  or  in  addition  there  may  be  mucous  degeneration  of 
the  stroma.  In  some  of  them  there  is  a  connective-tissue  stroma  which 
contains  large  numbers  of  blood-vessels.  Around  these  blood-vessels  are 
arranged  regular  masses  of  polyhedral  cells  (Figa.  642  and  643). 

In  some  endotheliomata  the  stroma  is  scanty.  The  cells  are  numer- 
ous, large,  flat,  and  arranged  in  little  globular  masses  or  nests  (Fig.  219). 
If  in  these  little  nesta  there  is  a  deposition  of  the  salts  of  lime,  forming 
concretions  like  the  so-called  "  brain  sand,"  the  tumor  is  called  a  "psam- 
moma."  Some  of  the  tumors  seem  to  be  formed  of  very  thin,  nucleated 
membranes  arranged  concentrically  like  the  layers  of  an  onion. 

Some  of  the  tumors  are  composed  of  balls  or  nests  of  large,  flat  cdis. 
with  which  are  found  crystals  of  cholesterin — "cholesteatoma."' 

'  For  a  cricicsl  review  of  these  sni)  olber  pial  tumun,  with  bibliocnph;.  Bee  Ba^nrmL,  Cntrtil.  L 
■Uc.  Path,  u,  path.  Anat.,  Bd.  viii..  p,  1.  1SS7. 
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Sarcoma. — Tumors  belonging  to  the  ordinary  types  of  round-  and 
fusiform-celled  sarcoma,  and  of  myxo-sarcoma,  are  occasionally  found 
in  the  pia  mater. 

Cysts. — Small  cysts  are  often  found  in  the  choroid  plexus.  Rarely 
such  cysts  reach  a  larger  size,  even  as  large  as  a  pigeon's  egg. 

Cysts  of  the  pia  mater  containing  serum,  with  walls  and  septa  of  con- 
nective tissue,  and  compressing  the  brain  have  been  described. 

C-- 


A- 


c- 


Fta.  6*3. — ElNOOTBBUOiu  or  thb  Pia  Matis  or  thb  Cuubclldu. 
From  ■peotmeo  ^own  in  Fig.  642  mora  hi(hly  uucnifed.     A.  Section  of  pia  mstcr  dipping  iub) 
s  •alsui;  B.  tumor  cells  ■mring  at  eaoh  tide  of  tbe  pia;  C.  surface  of  oerab«Uar  convolutioaa. 

Variously  shaped  pigment  cells  not  infrequently  occur  in  the  pia  mater 
either  scattered  or  sometimes  in  considerable  masses;  they  seem  to  have 
little  pathological  significance.  Not  infrequently  thin  plates  of  newly 
formed  bone  are  found  in  the  pia  mater,  associated  with  a  thickening  of 
the  membrane. 

PARASITES. 
Cj^cercus  has  been  observed  in  the  pia  mater. 

The  Dura  Hater  Spinalis. 

The  dura  mater  apinalia,  unlike  that  of  the  brain,  does  not  serve  as  periosteum 
to  the  bones  forming  the  cavity,  so  that  tbe  lesions  of  the  two  membranes  differ 
somewhat. 
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HJEMORRHAGE. 


Haemorrhage  may  occur,  as  the  result  of  injury,  between  the  dura 
mater  and  periosteum,  or  it  may  occur  in  tetanus,  as  a  result  of  circula- 
tory changes  induced  by  muscular  spasm,  or  in  the  asphy^da  of  newborn 
children.  Small  haemorrhages  on  the  surfaces  of  the  membrane  may 
occur  as  the  result  of  inflammation. 

Serous  fluid  may  accumulate  outside  of  the  dura  mater  as  a  result  of 
post-mortem  changes,  or  in  connection  with  circulatory  or  inflammatory 
changes  in  the  membranes. 

INFLAMliATION.     (Pachymeningitis.) 

Acute  external  pachymeningitis  is  usually  secondary  to  disease  or 
injury  of  the  spinal  column,  and  may  result  in  collections  of  pus  between 
the  dura  mater  and  periosteum,  usually  most  abundant  posteriorly. 
Hsemorrhagic  pachymeningitis  occurs  in  the  dura  mater  spinalis,  with  the 
formation  of  products  similar  to  those  observed  in  the  brain,  in  the 
chronic  insane,  and  in  drunkards.  Simple  chronic  pachymeningitis 
interna,  with  the  formation  of  new  connective  tissue  containing  brain 
sand,  is  not  infrequent.  The  new  tissue  may  form  minute  projections 
from  the  surface,  or,  when  more  abundant,  may  take  the  form  of  psam- 
momata.  Tuberculous  inflammation  of  the  dura  mater  spinalis  may 
occur  in  connection  with  tuberculous  meningitis,  or  be  secondary  to 
tuberculous  inflammation  of  the  vertebrae. 

TUMORS. 

Fibromata,  lipomata,  chondromata,  myzomata,  endotheliomata,  and 
adenosarcomata  occur  in  the  dura  mater  spinalis  as  primary  tumors. 
Carcinomata  and  sarcomata  may  be  found  as  secondary  tumors.  Small 
plates  of  newly  formed  bone  are  of  rare  occurrence. 

PARASITES. 

Echinococcus  developing  outside  of  the  spinal  canal  may  perforate  the 
dura  mater;  or  the  cysts  may  lie  between  the  dura  mater  and  the  pia 
mater. 

The  Pia  Mater  Spinalis. 

It  is  difficult  in  most  cases  in  the  pia  mater,  as  well  as  in  the  dura  mater  spinalis 
and  in  the  spinal  cord,  to  judge  with  certainty,  from  the  appearances  after  death  of 
the  blood  contents  of  the  vessels,  of  these  parts  during  life.  The  same  is  true  of  abnor- 
mal quantities  of  serum  found  after  death.  The  veins  of  the  pia  mater,  especially  in 
the  posterior  region,  may  be  greatly  distended  with  blood  after  death,  without  pre- 
existing disease;  and  the  intermeningeal  space  may  contain  much  fluid  under  the  same 
condition. 

HJEMORRHAGE. 

Haemorrhages  may  occur  from  injury,  in  connection  with  severe  con- 
vulsions, or  in  general  diseases  such  as  the  haemorrhagic  diathesis,  scurvy 


THE    NERVOUS    8Y8TEU  923 

smallpox,  etc.  The  haemorrhages  under  these  coaditions,  except  from 
injury,  are  not  usually  extensive.  But  in  some  cases  of  injury  or  cere- 
bral apoplexy,  from  the  bursting  of  aneurisms  of  the  basilar  or  vertebral 
arteries,  or  in  cases  in  which  we  cannot  find  a  cause,  a  very  large  quantity 
of  blood  may  collect  between  the  dura  and  pia  mater,  and  in  the  meshes 
of  or  beneath  the  tatter. 

INFLAHBUTIOV.     (Heniiigitis.) 

Acute  exudative  spinal  meningitis  occurs  under  essentially  the  same 
conditions  and  with  essentially  the  same  post-mortem  appearances  as 
acute  cerebral  meningitis,  though  it  is  less  frequent.  The  exudate  is 
apt  to  be  most  abundant  in  the  posterior  portions.  It  may  be  asso- 
ciated with  a  similar  inflammation  of  the  pia  mater  cerebralis,  and  the 
inner  surface  of  the  dura  mater  may  be  involved.  The  disease  may  be 
circumscribed,  but  usually  affects  the  entire  length  of  the  membrane. 

Chronic  spinal  menln^tis  is  not  infrequent,  manifesting  itself  in  the 
formation  of  larger  or  smaller  patches  of  new  connective  tissue  or  in 
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thickenings  of  the  pia  mater.  The  pia  and  dura  mater  may  thus  be 
firmly  united  in  places  by  adhesions,  or  the  pia  mater  may  become  closely 
adherent  to  the  substance  of  the  cord. 

Not  very  infrequently  large  numbers  of  pigment  cells  are  found  in 
the  pia  mater  spinalis,  sometimes  giving  it  a  distinct  gray  or  blackish 
color. 

Tuberculous  ioflanunation  is  usually  associated  with  a  similar  condi- 
tion of  the  pia  mater  cerebralis,  in  which  case  the  lesion  is  most  marked  in 
the  upper  portions  of  the  cord;  but  it  may  extend  over  the  entire  mem- 
brane. The  conditions  under  which  it  occurs  and  the  character  of  the 
lesions  are  similar  In  both. 


Rbromfttft,   myzomata,  sarcomata,   and   endotbeliomata  have  been 
found. 

Small  plates  of  cartlUge  and  bone  (Fig.  644)  are  sometimes  found  in 
the  pia  mater. 

PARASITES. 

Cystlceicus  sometimes  occurs  in  the  meshes  of  the  pia  mater. 
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THE  VENTRICLES  OF  THE  BRAIN.    THE  EPENDYMA  AHD 

CHOROID  PLEXUS. 

GENERAL  CONSIDERATIONS. 

As  the  lymph-spaces  of  the  pia  mater  and  the  ventricles  of  the  brain 
are  in  communication,  it  might  be  supposed  that  they  would  share  alike 
in  the  accumulation  of  fluids.  This,  however,  is  not  the  case.  The 
membranes  of  the  brain  may  be  highly  oedematous  while  the  ventricles 
contain  about  the  normal  quantity  of  fluid;  or,  on  the  other  hand,  the 
ventricles  may  be  widely  dilated  and  the  pia  mater  unusually  dry.  Many 
of  these  varying  conditions  may  be  understood  by  remembering  that  the 
skull  and  spinal  canal  form  a  closed  cavity,  and  that  accumulations  of 
fluid  in  one  part  must  be  at  the  expense  of  some  material  occupying 
other  parts,  either  blood,  serum,  or  brain  tissue.  It  is  not  always  easy 
to  see,  however,  exactly  how  the  compensation  occurs. 

There  may  be  an  unusual  amount  of  fluid  in  the  ventricles  of  the 
brain  as  a  result  of  post-mortem  change;  in  connection  with  senDe  or 
other  atrophy  of  the  brain,  or  in  the  general  vascular  changes  which  lead 
to  oedema  of  the  brain;  in  connection  with  inflammation  of  the  meninges 
or  of  the  ependyma;  or  under  conditions  which  we  do  not  understand, 
as  in  some  cases  of  congenital  and  acquired  hydrocephalus.  Accumula- 
tions of  fluid  in  the  ventricles  are  often  called  internal  hydrocephalus  to 
distinguish  them  from  accumulations  in  the  meninges — external  hydro- 
cephalus, 

INFLAMMATION.     (Ependymitis.) 

Acute  Ependjrmitis. — In  this  condition,  which  may  occur  by  itself,  but 
is  usually  associated  with  inflammation  of  other  parts  of  the  brain,  the 
ependyma  is  congested,  the  vessels  are  more  prominent  than  usual  and 
are  often  tortuous.  The  ependyma  and  the  adjacent  brain  tissue  may  be 
thickened  and  infiltrated  with  pus  cells,  and  the  surface  of  the  ependyma 
covered  with  fibrin  and  pus  in  variable  quantity  (Fig.  645).  The  cavi- 
ties of  the  ventricles  may  contain  purulent  serum.  Small  haemorrhages 
may  also  be  present  in  the  tissue  of  the  ependyma.  This,  as  well  as 
other  forms  of  inflammation,  is  more  common  in  the  lateral  ventricles 
than  in  the  others,  but  not  infrequently  involves  the  fourth  ventricle. 
The  choroid  plexus  may  participate  in  the  inflammatory  changes  of  the 
ependyma.  Tuberculous  inflammation  of  the  ependyma  is,  as  above 
mentioned,  a  not  infrequent  accompaniment  of  tuberculous  meningitis. 

Chronic  Ependjrmitis. — This  lesion,  which  is  much  more  common  than 
simple  acute  inflammation  of  the  ependyma,  occurs  \mder  a  variety  of 
conditions,  and  its  nature  and  causation  are  in  general  very  obscure. 
The  ependyma  is  thicker,  whiter,  and  more  opaque  than  normal,  so  that 
the  vessels  may  be  nearly  or  quite  invisible.  The  thickenings  may 
occur  in  patches  or  diffusely,  and  the  surface  of  the  ependyma  may  be 
smooth,  or  roughened  and  granular.  On  microscopical  examination  the 
surface  of  the  ependyma  may  be  covered  with  the  usual  epithelium,  but 
the  new  connective  tissue  which  forms  beneath  it  often  raises  it  up  in 
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places,  causing  the  roughness  of  the  aurface.  The  new  tisBue  is  usually 
rather  loose  in  texture  and  may  contain  many  small  spheroidal  cells; 
but  it  may  be  dense  in  texture  and  contain  few  cells.  The  brain  tissue 
beneath  the  thickened  ependyma  may  be  softened  or  infiltrated  with  cells. 
The  sides  of  the  ventricles  may  be  grown  together  in  places  by  the  adhe- 
sion of  the  thickened  and  roughened  ependyma.  The  ventricles  usually 
contain  more  serum  than  normal,  and  Bometimes  this  accumulation  is 
BO  great  as  to  cause  an  enormous  dilatation  of  them.  While  these  are 
in  general  the  prominent  lesions  in  chronic  inflammation  of  the  epeo- 


Fio.  ft48.— AcnTE  EpENDmrriB. 
Sbdiriac  Teplseement  at  the  epithelium  of  the  ventricle  by  inflammfttory  exudata:  coUeoUous 
of  piu  celb  near  the  epitbelium  and  about  th«  adjacent  bduiI]  blood- vesseb. 

dyma,  the  comparative  development  of  the  several  lesions  varies  greatly 
in  different  cases. 

The  accumulation  of  fluid  and  the  dilatation  of  the  ventricles  being 
the  most  marked  feature  in  all  this  class  of  lesions,  they  are  often  called 
chronic  hydrocephalus,  but  in  many  cases  we  have  no  evidence  that  the 
change  in  the  ependyma  is  an  important  or  even  an  actual  primary 
factor. 

Hydrocephalus.' — We  may,  for  convenience  of  study,  consider  three 
classes  of  cases  of  hydrocephalus:  first,  congenital  kydrocephaliis  in 
young  children;  second,  secondary  hydrocephalus  in  children  and  adylts; 
third,  primary  hydrocephalus  in  adults. 

1.  Congenital  Hydeocephalus. — The  lesion  may  be  in  an  advanced 
stage  at  the  time  of  birth,  or  it  may  be  scarcely  evident  or  but  moder- 
ately developed.  It  may  progress  rapidly  and  cause  the  early  death 
of  the  child,  or  it  may  develop  gradually  or  come  to  a  standstill.  In 
the  more  marked  forms  of  the  disease  the  ventricles  are  widely  dilated 

t  Coniult  itamdit.  Arch.  f.  Piychiat..  1912, 1..  31. 
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(Fig.  646)  and  filled  with  serum,  which  ia  usually  transparent.  Not  only 
the  lateral  ventricles,  but  also  the  third  and  fifth,  may  be  involved;  the 
fourth  is  less  apt  to  participate  in  the  lesion,  although  it  is  sometimes 
dilated,  as  well  as  the  central  canal  of  the  cord. 

The  distention,  especially  of  the  lateral  ventricles,  may  be  so  great 
that  the  brain  tissue  over  the  vertex  is  crowded  up  into  a  thin  layer 
beneath  the  dura  mater,  or  it  may  be  entirely  destroyed.  When  the  dila- 
tation of  the  ventricles  is  considerable,  the  convolutions  are  flattened 
and  may  be  almost  entirely  obliterated.  The  skull  bones  may  be  thin 
and  bulging  over  the  forehead  and  vertex;  the  fontanelles  and  auturea 


widely  open.  The  ependyma  in  these  cases  is  usually  thick  and  rough, 
but  it  may  be  softened,  and  the  blood-vessels  may  be  dilated.  The  basal 
portions  of  the  brain  may  be  flattened,  but  are  usually  much  less  affected 
than  the  upper  portions.     The  brain  tissue  is  usually  soft  and  ansmic. 

2.  Secondary  Hydrocephalus. — This  may  occur  in  children  and 
adults,  and  may  be  a  result  of  epidemic  cerebro-spinal  meningitis,  or  of 
acute  meningitis,  or  of  chronic  meningitis.  It  sometimes  occurs  in 
chronic  alcoholic  poisoning  and  in  general  paralysis  of  the  insane.  Hie 
amount  of  dilatation  of  the  ventricles  varies  greatly  in  these  cases,  bsl 
it  is  never  so  great  as  in  congenital  hydrocephalus,  and  is  not  accompa- 
nied by  the  changes  in  the  shape  of  the  skull  which  form  so  prominent  a 
feature  in  the  latter  disease,  since  the  bones  are  firmer  and  the  sutuRs 
united.  In  this  form  of  chronic  hydrocephalus  the  changes  in  the  epen- 
dyma above  described  are  usually  more  or  less  well  marked,  and  tfaey 
may  be  associated  with  the  production  of  fibrin  and  pus. 

3.  Primary  Hydrocephalus  in  Adults. — The  conditions  leadinr 
to  this  form  of  lesion  are  not  understood.  It  is  apt  to  occur  in  parens 
over  thirty  years  of  age.  Sometimes  one,  sometimes  both  latend  ve»- 
tricles  are  dilated.  The  dilatation  is  usually  moderate,  sometimes  vwy 
slight  and  never  as  great  as  in  congenital  hydrocephalus.    The  tko- 
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tricles  usually  contain  transparent  serum,  and  the  ependyma  is  thickened 
and  roughened.  In  some  cases  it  is  the  only  lesion  found  to  account  for 
the  death  of  the  patient. 

TUMORS. 

New  formations  of  connective  tissue  in  the  ependyma,  although  usually 
diffuse,  may  be  circumscribed,  and  form  small,  projecting  connective- 
tissue  nodules,  which  may  be  classed  among  the  fibromata.  Small  fibro- 
mata are  sometimes  detached  from  the  walls  of  the  ventricles  and  lie  free 
in  the  cavity.  Small  lipomatai  angiomata,  and  also  sarcomata  and  glio- 
mata  occur  rarely.  Chondromata  and  angiomata  may  occur  in  the  choroid 
plexVrSy  the  latter  sometimes  being  as  large  as  a  hen 's  egg.  The  choroid 
plexus  is  not  infrequently  the  seat  of  transparent  cysts,  usually  of  small 
size;  they  may  contain  a  clear  fluid,  or  colloid  material,  or  droplets  of 
fat,  or  calcareous  particles.  A  small  dermoid  cyst  containing  hairs  has 
been  described.     The  cysts  have  no  special  pathological  significance. 

Primary  carcinomata  sometimes  involve  the  ventricles. 

The  calcareous  bodies  called  brain  sand^  (see  Fig.  634)  occur  fre- 
quently in  the  choroid  plexus,  and  corpora  amylacea  may  occur  here  and 
beneath  the  ependyma. 

PARASITES. 

Cysticerctis  and  echinococcus  cysts  are  sometimes  attached  to  the  walls 
of  the  ventricles  or  may  be  free  in  their  cavities. 

The  Brain  and  Spinal  Cord. 

Malformations  of  the  Brain. 

Ctclopia. — This  malformation  consists  in  an  arrest  of  development  affecting  the 
cerebrum,  which,  instead  of  separating  into  two  hemispheres,  remains  single,  with  one 
ventricle,  the  rudiments  of  the  eyes  usually  imiting  to  form  one  eye  (Fig.  177).  This 
single  eye  is  in  the  middle  of  the  face,  near  the  place  of  the  root  of  the  nose,  in  a  single 
orbit.  Over  this  is  an  irregular  body  representing  the  nose.  The  rest  of  the  face  is 
well  formed.  The  eyeball  may  be  wanting  entirely,  or  there  may  be  two  eyes  joined 
together,  or,  more  seldom,  two  separate  eyes.  The  orbit  is  surrounded  by  rudiments 
of  four  eyelids.  The  frontal  bone  is  single,  the  nasal  bones  are  imdeveloped;  the 
ethmoid,  vomer,  and  turbinate  bones  are  absent.  The  optic  nerve  is  double,  single,  or 
absent.  There  may  be  hydrocephalus.  Such  children  are  incapable  of  prolonged 
existence. 

Anencephalia. — This  malformation  may  be  of  various  degrees.  The  brain  may 
be  entirely  absent,  the  base  of  the  cranium  being  covered  with  a  thick  membrane,  into 
which  the  nerves  pass.  The  membranes  may  form  a  sort  of  cyst  containing  blood  and 
serum  or  portions  of  brain.  Of  the  cranial  bones,  only  those  which  form  the  base  of 
the  skull  are  present  (acrania).  The  scalp  is  usually  partly  or  entirely  absent  over 
the  opening  in  the  skull;  the  eyes  are  prominent,  and  the  forehead  slopes  sharply 
backward.     This  malformation  may  occur  in  otherwise  well-developed  children. 

Htdrocephalus. — This  lesion  has  been  already  considered  above.  It  is  proba- 
ble that  in  some  cases  hydrocephalus  intemus  is  due  to  a  primary  partial  anencephaliaf 

^  The  little,  hard  masses  called  brain  aand  consist  of  aggregations  of  small  iwrticles  of  carbonate 
And  phosphate  of  lime  with  a  small  amount  of  phosphate  of  ammonia  and  magnesium.  With  these 
thmn  is  more  or  less  organic  matter. 
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and  that  the  accumulation  of  fluid  is  of  secondary  occurrence.  In  rare  cases,  only 
part  of  one  lateral  ventricle  is  hydrocephalic,  giving  to  the  head  a  protuberance  on 
one  side.  The  viability  of  the  foetus  depends  upon  the  degree  of  the  hydrocephalus. 
Hydrocephalus  externus  is  an  accumulation  of  serum  beneath  the  pia  mater,  or,  accord- 
ing to  some  authors,  between  the  pia  and  dura  mater.  It  causes  dilatation  of  the 
cranium  and  compression  of  the  brain.  It  is  of  very  rare  occurrence,  and  may  also  be 
secondary  to  partial  anencephalia. 

Cephalocele,  or  Brain  Hernia. — When  abnormal  openings  exist  in  the  skull 
from  malformation,  the  contents  of  the  cerebral  cavity  are  apt  to  protrude  in  the 
form  of  larger  or  smaller  sacs.  This  may  occur  in  cases  of  well-marked  anencephalia 
or  in  cases  in  which  the  brain  is  well  developed.  The  protruding  sac  formed  of  the 
meninges  may  or  may  not  be  covered  with  skin.  If  the  contents  of  the  sac  are  simply 
fluid,  the  lesion  is  called  hydromeningocele;  if  composed  of  brain  substance,  encephaUh 
cele  (Fig.  181);  if  the  sac  contain  both  fluid  and  brain  substance,  it  is  called  hydren- 
cephalocele.  The  sacs  may  be  very  small  or  as  large  as  a  child's  head.  They  may 
protrude  from  the  top  of  the  skull  in  acrania.  They  most  frequently  protrude 
through  openings  in  the  occipital  bone,  often  hanging  down  in  large  sacs  upon  the 
neck;  also  at  the  root  of  the  nose,  along  the  line  of  the  sutures,  at  the  base  of  the  skull, 
and  elsewhere. 

Microcephalia. — ^This  is  an  abnormally  small  size  of  the  brain,  with  a  correspond- 
ingly small  cranium.  The  diminution  in  size  affects  principally  the  cerebral  hemi- 
spheres, though  the  other  parts  of  the  brain  are  also  small.  Thus  the  cerebellum  may 
be  of  extremely  small  size.  The  cord  may  be  smaller  than  normal,  in  which  case  the 
diminution  in  size  is  apt  to  show  a  direct  dependence  upon  the  cerebral  lesions,  the 
direct  and  the  crossed  p3a'amidal  tracts  being  most  affected.  There  may  also  be 
present  imperfect  development  of  the  posterior  columns  and  of  the  direct  cerebellar 
tracts.  The  convolutions  are  few  and  simple,  the  cavities  often  dilated  with  serum; 
on  the  membranes  there  may  be  traces  of  inflammation.  The  cranium  is  small,  the 
face  large,  the  rest  of  the  body  small.  This  malformation  is  in  some  cases  caused  by 
inflammation  or  dropsy  of  the  brain  during  f cetal  life.  It  Ls  endemic  in  some  countries, 
but  single  cases  may  occur  an3rwhere.  The  fcetus  is  viable.  Absence  or  incomplete 
development  of  portions  of  the  brain  may  occur,  not  only  in  idiots,  but  in  persons 
whose  minds  are  perfect.* 


Malformatioiis  of  the  Spinal  Cord. 

The  malformations  of  the  spinal  cord  may  be  conveniently  classed  as  follows  (Van 
Gieson') : 

I.  Congenital  Deformities  Associated  with  Monstrosities,  and  Incompati- 
ble WITH  Extra-uterine  Life. 

These  may  be  divided  into: 

1.  Amyelia,  or  absence  of  the  spinal  cord.  This  is  almost  invariably  associated 
with  absence  of  the  brain. 

2.  Atelomyeliaf  or  partial  development  of  the  spinal  cord.  This  is  often  seen  in  the 
anencephalous  or  acephalic  monsters,  where,  corresponding  to  the  incompletely  devel- 
oped brain,  there  may  be  various  degrees  of  defective  development  of  the  cord. 

3.  Diastematomyelia,  a  condition  in  which  a  portion  or  the  whole  of  the  cord  is 
split  into  two  lateral  halves.  Each  half  of  the  cord  is  developed  in  its  own  membranes 
and  gives  rise  to  its  own  nerve  roots.  There  may  be  union  at  one  or  more  points  to 
form  a  single  cord. 

4.  Diplomyeliay  or  a  formation  of  two  spinal  cords — a  duplication  of  the  spin^ 
cord.     This  happens  in  the  various  kinds  of  double  monsters. 

^For  a  general  consideration  of  malformations  of  the  central  nervous  system  oooault  Thetim, 
*•  Text-book  of  Pathological  Anatomy,"  vol.  i.,  p.  206  et  seq.,  also  Ernst  in  Schwalbe*8  Morphokcie d. 
Missbildungen  des  Menschen  u.  Tiere.  1900. 

*  Van  Gieaon,  "Artefacts  of  the  Nervous  System,"  New  York  Medical  Journal,  voL  Ivi,  pp.  SS7. 
365.  421.  1892. 
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II.  Minor  Congenital  Halformations  hot  Inconsistent  with  the  Maintb- 
NANCE  OP  Life. 

1.  UydrorrhaekU  inUrna  is  a  defective  closure  or  u-rangement  of  the  divisions  of 
the  primary  fixtal  central  canal  often  resulting  in  the  dilatation  of  the  central  canal 
by  fluid  (Hydromyelia)  (Fig.  647).  This  dilatation  may  be  moderate,  or  so  extreme 
that  but  little  of  the  substance  of  the  cord  ia  left  as  a  thin  shell  around  the  central 
cavity.  When  they  have  not  been  destroyed  by  atrophy  epithelial  cells  may  be  found 
lining  the  cavity. 

This  condition  may  be  accidentally  found  after  death.  Its  presence  may  also  be 
indicated  by  its  association  with  spina  bifida.' 

2.  Heterotopia,  or  misplacement  of  the  substances  of  the  cord. 

(a)  There  may  be  misplaced  portions  of  the  gray  matter. 

(b)  Portions  of  the  white  matter  may  be  arranged  in  an  unusual  manner. 

3.  Anomalies  of  the  Spinal  Nerve  Roots. 

4.  Asymmetries  of  the  Spinal  Cord. 


III.  Malformations  of  the  Spinal  Cord  Acquired  ddrino  Extra-vtbrine 
Life  ob  Secondarv  to  Dbfbctive  Development  in  Otser  Parts  of  the  Body. 

1.  Distortions  following  other  cord  lesions. 

2.  Asymmetry  of  the  cord  due  to  arrested  development  after  birth  or  to  secondary 
atrophy  of  portions  of  the  cord  in  association  with  defective  development  or  absence 
of  some  other  part  of  the  body. 

3.  Asymmetry  of  the  cord  with  congenital  defects  of  the  extremities  or  muscles, 
such  as  intra-uterine  or  other  amputations,  clubfoot,  etc. 

4.  Variations  in  the  volume  of  the  cord  as  a  whole. 

False  Heterotopia.— Congenital  displacement  of  the  gray  or  white  matter  of  the 
spinal  cord — heterotopia — has  been  frequently  described.  Van  Gieson'  has  shown, 
however,  that  in  a  large  proportion  of  cases  the  so-called  heterotopia  is  an  artefact 
(Fig.  648)  and  has  been  caused  by  bruises  or  careless  h&ndhng  of  the  cord  during  its 
removal  from  the  body  or  in  the  process  of  examination  or  hardening. 

Spina  Bifida. — In  the  majority  of  cases  bydrorrhachis  is  accompanied  by  a.  more 
or  less  complete  lack  of  closure  of  the  spinal  canal  posteriorly,  so  that  the  collections 
of  fluid  within  may  pouch  outward  through  the  opening  in  the  form  of  a  sac.  The  sac 
may  be  covered  by  skin,  or  this  may  be  absent,  either  from  the  beginning  or  as  a  result 

1  Under  this  subdivision  the  coaditioa  known  ss  hydnrrrKachii  aftrr. 

cs'iiiinc  more  or  1^  diminuCioa  in  the  volume  of  the  latter. 

I  Van  OtHOn,  Ntw  York  Medicsl  Journal,  vol.  Ivi.,  pp.  337.  3eS,  421.  1SS2. 
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of  thinning  and  rupture.     The  walls  of  the  aac  loay  consist  of  the  dura  mater  and  tb« 
pia  mater,  or,  in  cases  of  hydroirbachia  externa,  of  the  dura  mater  alone.     When  boUi 
are  present  they  are  usually  more  or  less  fused  together.     Inside  of  the  membranes  of 
the  sac  there  may  be  a  shell  of  distended  nerve  tissue  of  the  cord;  or  the  spinal  coid 
may  be  split  posteriorly  and  the  sides  crowded  sidewa}^;  or  there  may  be  a  rudimen- 
tary  fragment  of  the  cord  suspended  in  the  sac  or  attached  to  the  walls;  or  the  cord 
may  be  but  little  changed  and  remain  inside  the  spinal  canal.     The  openings  in  tbe 
spinal  canal  may  be  due  to  tbe  complete  or  partial  absence  of  tbe  vertebral  arches,  or 
more  rarely  the  sac  may  protrude  through 
openings   between    the   completely    formed 
arches.     Spina  bifida  most  frequently  occun 
in  the  lumbar  and  sacral  regions,  but  it  maj 
occur  in  the  dorsal  or  cervical  regions,  or  the 
canal  may   be  open  over  its  entire  length. 
Very  rarely  it  is  open  on  tbe  anterior  sur- 
face.   The  protruding  sac  may  be  very  Bmall 
or  as  large  as  a  child's  bead.    The  fluid  in  tbe 
sac  is  usually  clear,  but  may  be  turbid  from 
(iocculi  of  degenerated  nerve  tissue. 


mjURIES  OF  THE  BRAIH. 

SeonoM  Tl 


Fio.  648.-FAia>  Hetkbotopi*.    SeonoM  The  brain  may  be  directly  wounded 


Showmg  .rtificiai  di.ph»m«.t  of  the  ^y  a  foreign  body,  or  indirectly  by 
itroctuTM  by  an  espflrimentai  bniiw  fi»\aa     fragments  of  bone  driven  into  it,  or  it 

hetarotopia")  aft«r  Ui«  removal  of  the  cord  ,       ,  .11  .      ^ 

from  tba  body.    (Van  Gibboo.)  may  be  lacerated  by  severe  contusion 

without  fracture  or  solution  of  con- 
tinuity of  the  skull.  Very  severe  injuries  of  the  brain  are  often  caused 
in  parts  of  the  organ  remote  from  the  seat  of  violence.  Thus  blows  on 
the  skull  frequently  cause  laceration  of  the  brain  on  the  opposite  side. 
This  is  called  injury  by  contrecoup.  It  is  very  difficult  to  estimate  the 
degree  of  injury  which  must  cause  death,  since  some  persons  die  from 
slight,  and  others  recover  from  very  severe,  wounds  of  the  brain.  In 
incised  wounds  of  the  brain  more  or  less  hiemorrhage  occurs  at  the  seat 
of  lesion,  and  the  brain  tissue  in  the  vicinity  soon  undergoes  degenera- 
tive changes.  These  may  be  comparatively  slight  or  extensive.  In- 
flammatory reaction  may  occur  in  the  vicinity,  and  the  adjacent  brain 
tissue,  as  well  as  the  hsemorrhagic  and  degenerated  area,  may  become 
inflltrated  with  pus  cells.  After  a  time  the  injured  and  degenerated 
area  may  become  surrounded  by  new-formed  connective  tissue,  and 
the  decomposed  extravasated  blood  and  detritus  of  brain  tissue,  more  or 
less  fatty,  may  be  absorbed.  In  this  way  the  part  heals,  leaving  a  some- 
what pigmented  cicatrix.  The  healing  is  in  most  cases  very  slow  and 
may  occupy  months  or  even  years.  The  pia  mater  may  participate  to  a 
marked  degree  in  the  inflammatory  healing  process.  Abscesses  may 
form  near  the  seat  of  injury. 

After  wounds  which  involve  the  removal  of  portions  of  the  cranial 
bones,  it  is  not  uncommon  after  a  few  days  to  see  a  bleeding  fungous 
mass  projecting  through  the  opening.  This  mass,  sometimes  wrongly 
called  hernia  cerebri,  consists  of  degenerated  brain  tissue,  blood,  and 
granulation  tissue,  with  more  or  less  pus.  The  brain  tissue  below  it  is 
degenerated,  soft,  broken  down,  and  purulent,  and  there  is  often  abscess 
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in  the  adjacent  brain  tissue.  Such  wounds  may  finally  heal  by  the  absorp- 
tion of  the  broken-down  brain  tissue  and  blood,  and  its  replacement  by 
granulation  tissue. 

Lacerations  of  the  brain  tissue  without  fracture  may  appear  shortly 
after  the  injury  as  simple  more  or  less  circumscribed  areas  of  capillary 
haemorrhage;  the  brain  tissue  about  these  may  degenerate,  pus  may 
form,  and  abscesses  be  developed;  or  the  degenerated  and  lacerated  tis- 
sue may  be  gradually  replaced  by  granulation  tissue  which  finally  forms 
a  cicatrix.  The  process  of  degeneration  and  softening  and  of  healing 
in  such  lacerations  of  brain  tissue  may  occur  very  slowly  indeed,  even 
occupying  years,  and  not  infrequently  the  degenerative  changes  are  very 
extensive  and  progressive.  In  many  cases,  of  course,  the  injury  is  so 
extensive,  or  involves  such  important  parts  of  the  organ,  that  very  little 
or  no  inflammatory  or  degenerative  change  takes  place  before  death. 

INJURIES  OF  THE  CORD. 

The  spinal  cord  may  be  compressed  or  lacerated  by  penetrating 
wounds,  by  fracture  or  dislocation  of  the  vertebrae,  or  by  concussion 
without  injury  to  the  vertebrae.  The  spinal  cord  is  found  simply  disin- 
tegrated, or  there  may  be  much  haemorrhage  and  the  disintegrated  nerve 
tissue  be  mixed  with  blood.  If  life  continue,  the  nerve  elements  may 
degenerate;  Gluge's  corpuscles  and  free  fat  droplets  may  form;  blood 
pigments  may  be  formed;  and  when  inflammation  supervenes  more  or 
less  pus  may  be  intermingled  with  the  degenerated  material.  There  may 
be  marked  changes  in  the  minute  structure  of  the  cord,  without  any 
change  being  evident  to  the  naked  eye. 

INJURIES  OF  THE  NERVES. 

The  secondary  effects  of  injuries  to  nerves  are  described  in  the  sec- 
tion on  degenerations  following  injury.  After  amputation  of  a  limb, 
there  often  occur  swellings  of  the  peripheral  ends  of  the  divided  nerve 
trunks.  These  bulbous  ends  are  called  false  or  amputation  neuromata. 
They  are  made  up  almost  entirely  of  fibrous  tissue,  although  nerve  fibres 
have  been  found  in  them. 

HYPERTROPHY  AND  ATROPHY  OF  THE  BRAIN. 

True  Hypertrophy  of  the  brain  is  rare,  and  probably  always  congeni- 
tal. An  increase  in  the  size  of  the  brain  from  the  proliferation  of  the 
neuroglia  sometimes  occurs  in  children  either  before  or  after  birth,  less 
frequently  in  youths,  and  very  seldom  in  adults.  The  white  substance  of 
the  hemispheres  is  increased  in  amount.  If  it  takes  place  before  the  ossi- 
fication of  the  cranium,  the  bones  are  separated  at  the  sutures  and  fon- 
tanelles;  if  after  this,  the  inner  table  of  the  skull  may  be  eroded  and 
thinned.  When  the  cranium  is  opened  the  dura  mater  appears  tense  and 
anemic,  the  convolutions  of  the  brain  are  flattened,  the  brain  substance 
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is  firm  and  anaemic,  the  ventricles  are  small,  the  gaagUa  and  cerebellum 
are  either  of  normal  size  or  compressed. 

The  disease  is  usually  very  chronic,  and  destroys  life  with  symptoms 
of  compression  of  the  brain.     There  may,  however,  be  acute  exacerbations. 

Atrophy. — This  may  occur  as  a  senile  change,  or,  in  chronic  alcohol, 
opium,  or  lead  poisoning,  in  chronic  insanity,  and  in  chronic  meningitis, 
or  from  local  interference  with  the  circulation.  In  children  who  are 
much  reduced  by  chronic  diseases  atrophy  of  the  brain  may  accompany 
atrophy  of  the  rest  of  the  body. 

The  atrophy  affects  principally  the  cerebral  hemispheres,  and  may  be 
uniform  or  more  marked  in  some  parts  than  in  others,  involving  the 


whole  of  a  hemisphere  or  of  a  lobe  or  only  single  convolutions  or  groups 
of  these  (Fig.  649).  The  convolutions  are  small,  the  sulci  broad,  the 
ventricles  usually  dilated,  the  brain  tissue  is  firm,  the  gray  matter  discol- 
ored, the  white  substance  grayish  in  color;  the  blood-vessels  may  be 
dilated.  The  basal  ganglia  may  be  small.  Serum  accumulates  in  the 
pia  mater  and  in  the  ventricles;  the  pia  mater,  and  often  the  skull, 
become  thickened;  the  brain  tissue  may  be  cedematous  or  contain  small 
hsemorrhages.  The  nerve  elements  of  the  brain  tissue  are  those  most 
nvolved  in  the  atrophy,  the  diminished  areas  being  usually  harder  and 
firmer  than  normal. 
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PIGMENTATION  OF  THE  BRAIN. 

This  may  occur  in  any  portion  of  the  brain  or  its  meninges  from  the 
decomposition  of  extravasated  blood.  In  persons  affected  by  malaria 
the  gray  matter  of  the  brain  has  sometimes  a  dark  or  even  blackish 
appearance.  This  color  is  due  to  the  presence  of  black  pigment  granules 
within  the  capillary  blood-vessels.  The  obstruction  to  the  vessels  by 
masses  of  these  pigment  granules  may  cause  capillary  apoplexies.  The 
pigment  may  also  be  found  in  the  walls  and  in  the  lumina  of  the  vessels 
of  the  pia  mater. 

Pigment  patches  of  congenital  origin  are  not  infrequently  seen  in  the 
pia  mater.  They  may  be  due  to  the  presence  of  branching  pigmented 
cells. 

CIRCULATORY  AND  VASCULAR  CHANGES  IN  THE  BRAIN  AND  SPINAL  CORD. 


Anatomical  Considerations. 

In  stud3ring  the  circulatory  changes  in  the  brain  and  cord  certain  peculiarities  in 
that  circulation  should  be  borne  in  mind.  The  vessels  which  nourish  the  brain  arise 
from  a  remarkable  anastomosis  of  large  arterial  trunks  at  its  base,  known  as  the  circle 
of  Willis  (see  diagram  Fig.  650).  From  this  "  circle"  pass 
off  to  each  hemisphere  three  main  branches — the  anterior, 
the  middle,  and  the  posterior  cerebral.  These  arteries 
ramify  in  the  pia,  where  they  anastomose  freely.  From 
this  anastomosis  small  branches  are  given  off  which 
penetrate  the  brain  substance,  the  shorter  breaking  up 
into  capillaries  in  the  gray  matter,  the  longer  passing  to 
the  imderlying  white  matter.  After  entering  the  cortex 
there  Ls  no  further  anastomosis,  the  capillaries  of  a  corti- 
cal artery  passing  directly  over  into  a  venous  system  of 
capillaries  without  communicating  with  capillaries  of 
other  arteries.  They  are  thus  "terminal  arteries."  In 
addition  to  these  arteries,  which  supply  the  hemispheres, 
branches  from  the  circle  of  Willis  are  distributed  to  the 
basal  ganglia.  These  arteries  are  much  larger  than  those 
which  pass  from  the  pia  into  the  cortex,  and  beyond  the 
circle  of  Willis  do  not  form  anastomoses  with  one  another. 
Thus  it  is  that  occlusions  of  the  arteries  supplying  the 
basal  ganglia  are  much  more  serious,  aside  from  the  im- 
portance of  the  parts  involved,  than  of  those  passing  to 
the  cortex. 

Three  main  arteries  furnish  blood  to  the  cord:  the 
anterior  spinal,  l3dng  along  the  opening  of  the  anterior 
median  fissure,  and  two  posterior  spinal,  lying  near  the 
entrances  of  the  posterior  roots.  Branches  of  these 
arteries  anastomose  in  the  pia,  and  from  this  pial  network 
branches  pass  directly  into  the  substance  of  the  cord. 
The  largest,  a  branch  of  the  anterior  spinal,  passes  into 
the  pia  of  the  anterior  fissure,  and,  penetrating  the  cord, 
is  distributed  to  the  gray  matter  of  the  anterior  horn, 

and  to  the  median  gray  matter  as  far  back  as  Clarke's  column.  Smaller  arteries  from 
the  posterior  spinal  supply  the  posterior  regions  of  the  cord.  These  arteries,  like 
those  in  the  brain,  are  terminal  in  the  sense  that,  while  anastomosing  freely  in  the 
pia,  after  penetrating  the  substance  of  the  cord  there  are  no  further  anastomoses. 


Fig.  650. — Diagram  opthb 
Circle  op  Willis  and  Asso- 
ciATBD  Vessels. 

a,  Anterior  cerebral;  b,  an- 
terior cominunicating;  c,  in- 
ternal carotids;  d,  middle  cere- 
bral; 0,  posterior  communicat- 
ing; /,  posterior  cerebral;  g, 
basilar;  h,  vertebral. 
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HYPERiEMIA    AND   An^MIA. 

The  appearance  of  the  brain  tissue  after  death  does  not  always 
furnish  reliable  indications  of  its  blood  contents  during  life,  though 
it  is  perhaps  more  to  be  depended  on  than  the  appearance  of  the  meninges. 

Some  of  the  more  common  conditions  determining  hypercemia  which 
are  mentioned  above  as  influencing  the  meninges  apply  also  to  the  sub- 
stance of  the  brain. 

Active  hyperaemia  may  occur  in  various  inflammatory  conditions  of 
the  brain.  Hyperaemia  of  the  brain  is  quite  common  in  deaths  from 
insolation  and  after  conditions  accompanied  by  acute  delirium.  Passive 
hyperaemia  may  occur  in  conditions  similar  to  those  which  determine 
congestions  in  other  organs  of  the  body,  such  as  chronic  diseases  of  the 
heart  or  lungs.  It  may  be  induced  by  anything  which  prevents  venous 
return,  such  as  intracranial  tumors  which  compress  the  sinuses,  or  by 
thrombosis. 

In  sections  of  hyperaemic  brains  the  small  blood-points  from  the  cut 
ends  of  small  vessels  are  more  numerous  and  conspicuous  than  under 
normal  conditions,  and  the  brain  tissue,  particularly  the  gray  matter, 
may  have  a  diffuse  red  color.  If  excessive,  the  convolutions  may  be 
somewhat  flattened,  the  brain  tissue  and  pia  mater  may  be  oedematous, 
and  the  ventricles  contain  fluid.  The  congestion  of  the  vessels  may  be 
general  or  localized. 

The  most  constant  lesion  of  what  is  known  as  caisson  disease,  a  con- 
dition resulting  from  exposure  to  sudden  changes  in  atmospheric  pressure, 
is  a  congestion  of  the  brain,  cord,  and  meninges.  Areas  of  softening  in 
the  brain  and  cord  are  not  infrequent  and  there  may  be  effusion  into  the 
meninges. 

Anaemia  of  the  brain  may  be  either  local  or  general.  It  may  depend 
upon  a  general  anaemia  or  upon  general  disturbances  of  the  circulation, 
such  as  mitral  stenosis  or  regurgitation;  or  upon  local  interference  with 
the  arterial  blood  supply,  such  as  complete  or  partial  obstruction  of  the 
arteries  from  thrombi,  emboli,  inflammatory  changes,  spasmodic  con- 
tractions, etc.,  or  from  tumors,  exudations,  and  blood  extravasations 
pressing  upon  the  vessels  from  without.  In  oedema  of  the  meninges,  and 
in  the  presence  of  internal  hydrocephalus,  the  brain  tissue  is  apt  to  be 
anaemic.  The  brain  tissue  in  anaemia  looks  whiter  than  usual,  the  con- 
trast between  the  gray  and  the  white  matter  is  less  marked,  and  the 
small  blood-points  usually  seen  on  section  from  divided  vessels  may  be 
very  inconspicuous  or  almost  entirely  absent. 

CEdema. 

(Edema  of  the  brain  tissue  may  accompany  either  general  or  localized 
hyperaemia,  or  it  may  accompany  anaemia,  and  it  seems  in  most  cases, 
though  not  always,  to  be  dependent  upon  conditions  which  induce  these 
alterations  in  the  blood  contents  of  the  brain.  It  is,  perhaps,  most  com- 
mon in  conditions  which  determine  a  passive  hypenemia.     In  some  cases 
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of  marked  impoverishment  of  the  blood  a  so-called  hydrcemic  oedema  of 
the  brain  is  found. 

In  oedema  the  brain  tissue  appears  unusually  wet  and  shiny.  The 
same  underlying  condition  is  apt  to  determine  an  exudation  into  the 
membranes  and  ventricles.  There  is  usually  considerable  distention  of 
the  perivascular  lymph-spaces. 

Marked  oedema  of  the  brain  may  exist  without  brain  symptoms.  On 
the  other  hand,  persons  may  die  comatose  with  no  other  gross  lesion  than 
oedema,  either  with  or  without  oedema  of  the  pia  mater.  This  is  seen 
with  especial  frequency  in  acute  and  chronic  alcohol  poisoning,  but  may 
occur  under  other  conditions.  A  careful  microscopical  examination  of 
the  brain  under  these  conditions  will  frequently  reveal  structural  lesions 
of  more  serious  import  than  the  oedema. 

Under  the  designation  of  "  serous  apoplexy, "  oedema  of  the  brain  was 
formerly  considered  of  importance,  in  the  absence  of  other  lesions,  as  a 
cause  of  death.  But  increased  knowledge  has  led  to  the  general  belief 
that  simple  cerebral  oedema  as  an  independent  condition  has  not  the  sig- 
nificance formerly  ascribed  to  it,  and  it  should  be  accepted,  if  ever,  with 
great  reserve  as  a  cause  of  death. 

HiBMORRHAQE. 

Haemorrhages  in  the  substance  of  the  brain  may  be  very  small  and 
punctate,  and  are  then  usually  called  capillary  hcemorrhages;  or  they  may 
result  in  the  collection  in  the  brain  tissue  of  masses  of  blood  of  consid- 
erable size,  which  are  called  apoplectic  Joci  or  clots.  These  forms  of 
haemorrhages  may  be  associated,  or  a  number  of  capillary  haemorrhages 
may  join  to  form  an  extensive  clot. 

Capillary  hcemorrhages  may  appear,  on  section  of  the  brain,  like  the 
severed  ends  of  hyperaemic  blood-vessels,  or  the  tissue  about  them  may 
be  more  or  less  tinged  with  blood.  Microscopically,  the  perivascular 
spaces  are  distended  with  blood,  which  may  have  escaped  into  them. 
This  is  associated  with  more  or  less  broken-down  brain  tissue.  The 
haemorrhages  may  be  single,  but  are  frequently  multiple,  so  that  the  brain 
tissue  is  besprinkled  with  blood-points.  Degeneration  of  the  extrava- 
sated  blood  may  give  rise  in  later  stages  to  reddish  or  brown  or  yellowish 
circumscribed  discoloration  of  the  brain  tissue,  due  to  granules  and  crys- 
tals of  blood  pigment  intermingled  with  broken-down  brain  tissue,  with 
more  or  less  fatty  degeneration  of  its  elements.  Capillary  haemorrhages 
may  be  due  to  fatty  degeneration  of  the  vessels  leading  to  rupture;  or 
the  extravasation  may  be  due  to  diapedesis,  or  it  may  depend  upon  con- 
ditions which  we  do  not  understand.  They  frequently  occur  in  the 
vicinity  of  apoplectic  clots  and  tumors,  they  may  be  due  to  thrombosis 
of  the  veins  or  of  the  sinuses  of  the  dura  mater;  they  not  infrequently 
occur  in  acute  encephalitis,  in  congestive  hyperaemia,  in  acute  mania, 
and  in  delirium  tremens;  and  they  may  be  associated  with  general 
diseases,  such  as  scurvy,  purpura  haemorrhagica,  typhus  fever,  pyaemia, 
ulcerative  endocarditis,  etc.;  they  may  be  associated  with  embolic 
softening. 
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Apoplectic  foci  may  result  from  the  coalescence  of  numerous  capillary 
hemorrhages;  from  injury;  or  from  rupture  of  diseased  arteries,  either 
with  or  without  changes  in  the  blood  pressure.  Hemorrhages  from 
injury  to  the  skull  may  occur  as  well  without  as  with  fracture,  and  may 
be  situated  over  the  vertex  or  at  the  base  of  the  brain.  They  vary  in 
extent  and  location,  depending  upon  the  character  and  point  of  the 
injury  and  the  size  of  the  vessels  involved.  The  so-called  spontaneous 
haemorrhages,  other  than  those  of  capillary  origin,  which  give  rise  to 
masses  of  blood  and  broken-down  brain  tissue,  may  vary  in  size  from  that 
of  a  pea  to  those  occupying  a  large  part  of  a  hemisphere.  They  are  due, 
in  a  very  considerable  proportion  of  cases,  to  the  rupture  of  small  arterial 
aneurisms,  but  may  arise  from  weakening  of  the  walls  of  the  arteries, 
from  arteritis,  atheroma,  or  fatty  degeneration.  These  latter  forms  of 
lesions  doubtless  give  rise  in  most  cases  to  the  formation  of  the  aneurisms 
whose  rupture  is  in  so  many  cases  the  immediate  cause  of  the  hemorrhage. 

Aneurisms  of  the  cerebral  arteries  may  be  as  large  as  a  pea  or  hazel- 
nut, but  those  most  frequently  met  with  and  causing  apoplexy  are  usually 
small — called  miliary  aneurisms — and  may  be  microscopic  in  size, 
varying  from  this  up  to  that  of  a  large  pin^s  head  or  larger.  They  may 
be  sacculate  or  fusiform,  and  frequently  exist  in  considerable  num- 
bers. They  may  occur  in  any  of  the  small  arteries  of  the  brain,  but  are 
said  to  be  most  frequent  on  the  branches  of  the  middle  cerebral  artery. 
It  is  asserted  that  the  bursting  of  miliary  aneurisms  is  the  nearly,  if  not 
quite,  exclusive  cause  of  the  formation  of  spontaneous  apoplectic  clots, 
but  this  we  do  not  believe  to  be  true. 

As  to  the  immediate  cause  of  rupture,  either  of  aneurisms  or  other- 
wise diseased  blood-vessels  in  the  brain,  we  are  in  many  cases  entirely 
ignorant.  In  some  cases  it  seems  to  be  due  to  an  increased  arterial  Xj&s^ 
sion  in  such  diseases  of  the  heart  as  induce  this  change,  as  in  the  cardiae 
hypertrophy  which  may  accompany  some  forms  of  chronic  diffuM 
nephritis;  or  it  may  result  from  unusual  exertion  or  mental  excitement. 

Haemorrhages  most  frequently  occur  in  the  corpora  striata  and  optatt. 
thalami  (Fig.  651),  and  in  the  brain  tissue  in  their  vicinity,  and  here  thBf 
are  most  common  in  the  parts  supplied  by  the  branches  of  the  middlb 
cerebral  artery.  The  possibility  of  haemorrhage  in  the  floor  of  the  fourth 
ventricle  should  be  borne  in  mind  in  investigating  cases  of  sudden  death 
from  obscure  causes. 

Haemorrhages  frequently  seriously  aflfect  other  portions  of  the  brain 
than  those  immediately  supplied  by  the  ruptured  vessels.  Thus  haemor- 
rhages in  the  cortical  substance  or  beneath  the  pia  mater  may  force  their 
way  deep  into  the  brain  substance;  or,  in  haemorrhage  in  the  brain  sub- 
stance, the  blood  may  burst  into  the  ventricles  or  work  its  way  into  the 
intermeningeal  space,  and,  either  at  the  seat  of  its  occurrence  or  in  the 
situations  into  which  it  is  forced,  may  give  rise  to  serious  compression 
of  the  brain.  Portions  of  the  brain  containing  large  extravasations  may 
be  enlarged,  the  tissue  anaemic  from  pressure,  the  convolutions  flattened, 
and  the  surface  dry.  As  the  blood  is  poured  out,  the  brain  tissue  is  usu- 
ally torn  and  lacerated,  so  that  the  apoplectic  clot  usually  consists  of 


THE    NERVOUS    SYSTEM  937 

detritus  of  brain  tissue  intermingled  with  blood.  If,  however,  the  blood 
is  poured  out  from  a  single  vessel,  the  lacerated  brain  tissue  may  be 
pressed  aside,  and  the  greater  portion  of  the  red  mass  may  consist  of 
pure  blood  clot. 

The  appearances  presented  by  haemorrhages  in  the  brain  vary  greatly, 
depending  upon  the  time  which  has  elapsed  since  their  occurrence.  If 
life  continue,  the  oedema  which  usually  soon  occurs  in  the  vicinity  of  the 


PlO.     aSI.— LUQE     HSHORHHAOB     IN     THE     B 

Tfae  hsmonluige  iDvolvea  tbe  rigbt  basal  ganfllia  AJ 
botli  Uteral  veatrielee,  Tbe  right  side  of  iht  bnio  (the 
flattcnini  of  tbe  convolutiona. 

hsemorrhage  disappears  and  the  clot  becomes  drier  and  firmer;  gradually 
the  blood  undergoes  the  usual  series  of  changes  seen  in  extravasation; 
the  haemoglobin  decomposes,  forming  granules  and  crystals  of  blood 
pigment;  the  blood  cells  and  fibrin  undergo  degeneration  and  absorption; 
the  detritus  of  brain  tissue  undergoes  fatty  degeneration.  As  these 
alterations  occur  the  color  changes  to  reddish  brown,  orange,  or  yellow, 
and  the  adjacent  brain  tissue  may  be  discolored  by  imbibition. 

Inflammatory  reaction  may  occur  in  the  vicinity,  leading  either  to  the 
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formation  of  a  more  or  less  pigmented  cicatrix,  or  to  a  cyst  with  yellow- 
ish fluid  contents  and  a  fibrous,  more  or  less  pigmented  wall.  The  proc- 
ess of  degeneration  and  absorption  of  the  blood  and  broken-down  brain 
tissue,  and  their  replacement  by  a  cyst  or  by  a  cicatrix,  is  a  slow  one, 
and  the  cysts  and  cicatrices  may  resemble  those  formed  at  the  seat  of 
embolic  softening.  Not  infrequently  we  find  in  the  brain  of  a  person 
dead  from  recent  apoplexy  the  remains  of  old  clots  presenting  some  one 
of  the  above-described  stages  of  absorption.  The  apoplectic  cysts  and 
cicatrices  persist  for  a  long  time  after  their  formation. 

Secondary  degenerations  (see  p.  953)  following  haemorrhages  depend 
entirely  upon  the  cells  destroyed  or  the  fibre  tracts  interrupted.  Most 
common  are  degenerations  of  the  pyramidal  tracts  from  hiemorrhagea 


Fia.  852.— SEirrioN  of  the  Spinal  Cord  Srowino  Hahorbhaoe  into  tbe  Grat  Mittu 

AND  EiTiiKOINo  Lkmothwisb  OF  THE  CokO.     (An  early  phase  of  hmiiuitonii-ekipo™.) 

This  lesion  is  aometimu  called  "twrnBtomyeliii." 

into  the  sensory-motor  region  of  the  cortex,  or  from  hfemorrhagea  into 
the  internal  capsule  (lenticulo-striate  artery).  Hsemorrhages  invoMng 
the  optic  centres  or  the  optic  fibres  lead  to  degeneration  in  the  optie 
tracts.  Hfemorrhages  into  other  portions  of  the  brain,  by  destrojnng 
commissural  cells  or  interrupting  their  fibres,  lead  to  degeneration  of 
intracranial  fibre  tracts. 

Hsmonrhage  In  the  spinal  cord  is  much  less  frequent  than  in  the  brain, 
but  may  occur  either  as  capillary  apoplexy  or  as  larger  apoplectic  clots. 
Capillary  hieraorrhages,  similar  in  appearance  to  those  of  the  brain,  may 
occur  as  the  result  of  injury,  or  near  areas  of  softening  or  tumors,  or  may 
accompany  severe  convulsions,  as  in  tetanus.  Apoplectic  clots,  which 
are  comparatively  rare  in  the  spinal  cord,  are  usually  small,  commonly 
not  more  than  one  centimetre  in  diameter,  and  are  similar  in  their  appear- 
ance, and  in  the  changes  subsequent  to  their  formation,  to  those  in  the 
brain.  They  are  usually  the  result  of  injury;  but  may  occur  spontane- 
ously.    These  so-called  "spontaneous  hemorrhages"  are  undoubtedly 
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in  moat  cases  the  result  of  inflammation.  They  may  occur  in  any  acute 
disease  of  the  cord,  and  are  an  especially  frequent  complication  of  acute 
myelitis.  Hemorrhage  into  the  cord,  occurring  in  the  course  of  an 
acute  infectious  disease,  is  probably,  as  a  rule,  due  to  an  unrecognized 
myelitis  or  acute  degeneration.  Hsemorrhagcs  in  the  course  of  a  chronic 
myelitis  are  not  common,  and  are  probably  due  to  a  softening  dependent 
on  interference  with  nutrition.  Hemorrhages  into  the  cord  have  been 
reported  in  syphilitic  myelitis,  in  syringomyelia,  and  in  tumors  of  the  cord. 
Gliomata  especially  are  often  very  vascular,  and  their  thin-walled  vessels 
are  subject  to  rupture.  Sometimes,  however,  hemorrhagic  foci  are 
found  in  the  spinal  cord  without  traumatism  or  evidence  of  inflammatory 
change. 

Larger  haemorrhages  naturally  follow  the  lines  of  least  resistance,  and 
their  long  diameter  corresponds  to  that  of  the  cord.     To  such  columnar 


The  KCtion  ahovs  at  <ma  point  a  cyat-Uke  cavity  in  the  apinal  cord,  originalmg  in  &  hsmorrhiiaa 
in  the  posterior  root  <we  Fig.  B53)  and  ulmdiDi  nearly  the  entire  length  of  the  cord.     The  eavity 

hemorrhages,  usually  traumatic  in  origin,  the  name  fuematomyelia  has 
been  applied  (Fig.  652).  The  term  is  being  now  more  properly  used  to 
cover  the  general  subject  of  hjEmorrhage  into  the  spinal  cord. 

The  smaller  capillary  hsemorrhages  may  be  entirely  absorbed.  They 
may,  on  the  other  hand,  form  microscopic  sclerotic  areas.  The  larger 
haemorrhages  determine  a  considerable  destruction  of  tissue.  They  may 
be  absorbed  and  replaced  by  fibrous  tissue,  or  the  central  area  may  break 
down  into  a  fluid  or  semi-fluid  mass  of  blood  and  tissue,  with  a  more  or 
less  definite  fibrous  wall  (Fig.  653) .  To  these  columnar  cavities  or  canals 
the  term  hamatomyelopore  has  been  applied  by   Van  Gieson.'     To   a 

■  Van  Gieian.  "  HnmatDmyelopore—a  New  Spinal-Cord  Disease."  New  York  Polyclinic,   1807. 


940  THE   NERVOUS   SYSTEM 

similar  condition  in  which  proliferation  of  the  neuroglia  is  the  moat 
marked  feature,  the  name  of  "false  or  secondary  syringomyelia"  has 
been  given. 

Thrombosis  and  Embolism. 

Thrombi  may  form  in  the  arteries  as  a  result  of  any  degenerative  or 
inflammatory  process  in  their  walls  leading  to  a  roughening  or  death  of 
the  intima,  or  from  pressure  from  without,  or  they  may  occur  in  vessels 
in  whose  walls  we  can  detect  no  primary  lesion.  The  most  common 
causes  are  atheroma  and  simple  endarteritis.  Thrombi  may  also  form 
around  an  embolus  which  does  not  entirely  occlude  the  vessel. 

Emboli  of  the  cerebral  arteries  most  commonly  arise  from  acute  or 
chronic  endocarditis  or  cardiac  thrombi;  they  may  arise  from  aneurisms 
or  atheroma  of  the  aorta,  from  the  carotid  or  vertebral  arteries,  or  from 
the  pulmonary  veins.  The  materials  constituting  emboli  vary  greatly, 
depending  on  their  mode  of  origin  (see  p.  28).  The  effects  on  the  brain 
tissue  of  emboli  and  thrombi  of  the  arteries  are  essentially  the  same 
in  their  main  features.  In  some  cases,  however,  in  which  large  emboli, 
usually  from  endocarditis,  suddenly  block  up  a  large  vessel,  the  indi\'idual 
may  die  almost  instantly  without  other  apparent  lesion  than  the  stoppage 
of  the  vessel. 

In  general,  the  first  effect  of  the  occlusion  of  an  artery  is  to  deprive 
the  region  to  which  it  is  distributed  of  blood.  In  arteries  whose  branches 
anastomose,  the  affected  area  is  soon  supplied  with  blood  by  the  estab- 
lishment of  a  collateral  circulation.  In  terminal  arteries,  on  the  other 
hand,  the  blocking  of  the  vessel  is  followed,  as  a  rule,  by  degenerative 
changes  and  softening  in  the  brain  tissue.  The  appearances  which  these 
degenerated  areas  present  vary  greatly,  depending  upon  the  stage  of  the 
degeneration  and  the  amount  of  blood  which  may  be  extravasated. 
Dense  infiltrations  of  the  brain  tissue  with  blood,  as  in  haemorrhagic 
infarctions  from  emboli  in  other  parts  of  the  body,  do  not  usually  occur, 
although  considerable  blood  may  be  extravasated.  Areas  of  softening 
in  which  there  is  little  extravasation  of  blood  are  usually  white  or  yellow 
in  color,  white  or  yellow  sojtening.  When  much  blood  is  present  the  proc- 
ess is  frequently  called  red  sojtening.  Yellow  softening  is  probably  often 
only  a  secondary  stage  of  the  red,  resulting  from  absorption  of  most  of  the 
pigment.  The  term  "white  softening"  is  often  used  interchangeably 
with  "  yellow."  It  is  also  applied  to  that  condition  into  which  the  latter 
passes  after  more  complete  liquefaction,  and  after  fatty  changes  have 
taken  place.  Young  proliferating  neuroglia  tissue  often  give  a  glisten- 
ing white  appearance  to  the  lesion. 

The  tissue  in  the  affected  area  gradually  softens  and  may  become  dif- 
fluent. Microscopically,  the  softened  tissue  is  seen  to  consist  of  more  or 
less  fluid  with  broken-down  brain  tissue,  fragments  of  nerve  fibres,  drop- 
lets of  myelin,  nerve  cells,  shreds  of  neuroglia  tissue  and  blood-vessels, 
and  red  and  white  blood  cells.  The  evidence  of  degeneration  is  seen 
in  the  presence  of  fat  granules  and  droplets,  larger  and  smaller  cells 
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densely  crowded  with  droplets  of  fat  (so-called  Glv{ie  's  corpuscles  or  com- 
pound granular  corpuscles).  Various  kinds  of  cells  and  cell  fragments, 
more  or  less  granular  and  fatty,  and  also  corpora  amylacea,  blood  pig- 


FiG.  654. — Dboenbbatbd  Cells,  Cholbsterin  Crystals,  and  Corpora  Amylacea  from 

Brain  Tissue  in  Embouc  Softening. 

a.  Fatty  ganglion  ceUs;  b,  oorpora  amylacea;  c,  cell  containing  very  laiige  number  of  fat  droplets 
(compound  granular  or  Gluge's  corpuscles) ;  d,  cholesterin  crystals. 

ment,  fat  crystals,  and  cholesterin  crystals,  may  be  found  (Fig.  654). 
The  walls  of  the  blood-vessels  may  also  be  in  a  condition  of  fatty  degen- 


Fio.  655. — Blood-vbssblb  From  an  Area  of  Embouc  Softbnino  of  Brain. 
The  walls  of  the  vessels,  particularly  the  endothelial  cells,  contain  fat  granules  and  fat  droplets. 

eration  (Fig.  655).     The  color  of  the  softened  mass  will  of  course  depend 
upon  the  relative  amounts  of  these  elements. 


942  THE   NERVOUS   SYSTEM 

The  tissue  may  remain  for  a  long  time  in  the  soft  condition,  or  it 
may  be  absorbed  and  replaced  by  a  connective-tissue  cicatrix  which 
may  be  more  or  less  pigmented;  or  a  wall  of  connective  tissue  may 
form  about  it,  converting  it  into  a  well-defined  cyst,  with  or  without 
pigmented  walls;  or  the  mass  may  dry  and  form  a  dense,  structureless 
nodule.  Acute  inflammatory  changes  may  occur  about  the  dead  tissue. 
In  cases  of  infectious  emboli  numerous  abscesses  may  be  formed  in  addi- 
tion to  their  mechanical  actipn. 

Thrombi  are  most  frequent  in  the  internal  carotids,  less  frequent  in  the 
middle  cerebral,  basilar,  and  vertebrals.  They  may  occur,  but  still  less 
frequently,  in  other  cerebral  arteries.  Emboli  are  most  common  in  the 
middle  cerebral  artery,  next  in  the  internal  carotid,  and  then  in  the  basi- 
lar. The  relative  frequency  with  which  embolism  occurs  in  the  middle 
cerebral  artery  is  attributable  to  the  directness  with  which  the  blood 
passes  into  this  artery  from  the  heart.  The  great  significance  attaching 
to  embolism  of  the  middle  cerebral  artery  is  evident  when  we  remember 
that  its  branches  within  the  brain  are  terminal  arteries,  and  are  dis- 
tributed to  such  important  structures  as  the  lenticular  and  caudate 
nuclei,  the  internal  capsule,  and  the  optic  thalamus. 

Thrombosis  and  embolism  also  occur  in  the  vessels  of  the  spinal  cord, 
though  less  frequently  than  in  those  of  the  brain.  As  in  the  brain,  when 
they  involve  terminal  arteries,  they  determine  areas  of  softening  and 
consequent  secondary  degenerations. 

Lesions  op  the  Vessel  Walls  in  the  Brain  and  Cord. 

The  mural  changes  in  the  vessels  are  not  peculiar  to  the  nervous  sv's- 
tem:  the  most  frequent  is  that  known  as  atheroma  or  arterio-sclerosis. 
It  is  especially  common  in  the  system  of  arterial  trunks  which  make  up 
the  circle  of  Willis.  Fatty  degeneration  is  often  found  in  the  vessel 
walls  coincident  with  the  increase  in  the  connective-tissue  elements. 
Calcification  may  occur  and  may  be  so  extensive  that  the  whole  or  a 
greater  part  of  the  circle  of  Willis  is  converted  into  a  series  of  hard 
tubes  usually  somewhat  larger  than  normal.  More  commonly  the  cal- 
careous areas  are  irregular  in  their  distribution,  giving  to  the  vessels  a 
nodular  appearance.  Fatty  degeneration  may  also  occur,  though  more 
rarely,  as  an  independent  lesion.  It  affects  particularly  the  muscular 
coat.  Hyaline  degeneration  may  also  occur  either  as  an  independent 
lesion,  which  is  quite  frequent  in  the  brains  of  idiots,  or  as  the  initial 
lesion  of  a  sclerosis. 

DEGENERATION  AND  INFLAMMATION  IN  THE  BRAIN,  SPINAL  CORD,  AND 

NERVES. 

Review  of  Nonnal  Morphology. 

While  the  scope  of  this  work  does  not  warrant  a  detailed  description  of  the  mor- 
phology of  the  nervous  system/  our  appreciation  of  the  pathological  changes  to  whicb 
it  is  subject  is  so  dependent  upon  an  accurate  knowledge  of  its  morphology,  that, 
before  proceeding  further,  a  brief  risumi  of  some  of  the  more  fundamental  points  in  its 
structure  and  architecture  cannot  wisely  be  omitted. 

iFor  this  the  reader  is  referred  to  such  works  as  "The  Nervous  System,"  by  Barktr,  and  the 
"Anatomie  du  Syst^me  Nerveux  de  rHomme,"  by  Van  Gehuchten. 
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The  studies  of  Golgi  and  of  his  successors  in  the  use  of  his  technique  have  led  to  the 
so-called  neurone  conception  of  nervous-system  structure.  According  to  this  view, 
the  neurone  represents  the  structural  unit  of  the  nervous  system.  The  neurone  is  the 
nerve  cell  with  all  its  prolongations,  and  the  nervous  system  in  ioio  is  but  an  orderly 
association  of  an  immense  number  of  these  neurone  units.  Although  these  neurones 
differ  from  one  another  as  to  details  of  structiu'e  they  still  present  an  essential 
similarity. 

The  neurone  is  first  distinguishable  as  a  small  round  cell  in  the  epiblastic  lining  of 
the  embryonic  neiu-al  canal.  Such  a  cell  is  entirely  devoid  of  processes.  It  soon, 
however,  becomes  pyrif orm,  and  from  the  tip  of  the  pear  grows  out  a  process,  which  is 
the  axis-cylinder  process  or  axone.  Later  other  processes  appear  as  outgrowths  of  the 
cell  body.  These  are  the  protoplasmic  processes  or  dendrites.  Each  adult  neurone 
then  consists  of  a  cell  body,  and  passing  off  from  this  cell  body  two  kinds  of  processes 
(Figs.  656  and  657). 

The  Cell  Body. — Our  knowledge  of  the  internal  structure  of  the  nerve  cell  has  been 
greatly  increased  in  the  last  few  years  by  the  application  of  a  special  technique  devised 
by  Nissl.*  Subjected  to  this  technique  nerve  cells  present  two  very  different  types  of 
reaction.  Certain  cells,  such,  for  example,  as  the  cells  of  the  granule  layers  of  the 
cerebellum  and  of  the  olfactory  lobe,  stain  only  as  to  their  nuclei,  the  cell  bodies  them- 
selves remaining  entirely  unstained.  To  such  cells  Nissl  has  given  the  name  of  caryo- 
chromes.  It  is  obvious  that  the  method  of  Nissl  gives  no  insight  into  the  structure  of 
these  cells.  The  majority  of  nerve  cells,  however,  react  both  as  to  their  nuclei  and 
as  to  their  cell  bodies  to  the  Nissl  stain.  These  cells  Nissl  designates  as  somatochromes. 
Such  a  cell  presents  the  following  appearance  (Plate  XIII.,  1).  There  is  a  nucleus 
identical  in  structure  with  nuclei  found  in  other  cells.  It  is  bounded  by  a  nuclear 
membrane  and  traversed  by  a  network  which  takes  a  comparatively  light  blue  stain. 
Within  the  nucleus  is  a  nucleolus  staining  an  intense  blue.  In  the  cell  body  two 
distinct  elements  appear:  a  clear  ground  substance,  unstained;  and  scattered  through 
it  deep  staining  masses,  known  as  chromophilic  bodies.  These  chromophilic  bodies 
are  granular,  and  differ  in  size,  shape,  and  arrangement.  These  differences  have 
served  as  a  basis  of  classification.  Presenting  variations  in  different  types  of  cells, 
their  appearance  in  a  given  type  remains  constant.  Most  investigators,  while  differing 
in  details,  agree  in  ascribing  to  the  unstainable  substance  a  definite  structiu'e.  This 
structure  is  usually  described  as  composed  of  a  fibrillar  or  reticular  network  lying  in 
a  more  or  less  homogenous  ground  substance.  With  the  use  of  the  ordinary  technique 
of  Nissl,  all  of  the  cell  body,  excepting  the  chromophilic  bodies,  remains  unstained  and 
apparently  structureless.  Our  ideas  as  to  the  physiology  of  these  different  elements 
of  the  nerve  cell  rest  largely  upon  a  theoretical  basis.  It  has  been  shown  that  the 
nerve  cell  represents  the  genetic  centre  of  the  neurone.  From  the  behavior  of  the 
processes,  when  cut  off  from  the  nerve  cell,  it  is  evident  that  the  cell  body  represents 
the  nutritive  or  trophic  centre  of  the  neurone.  It  seems  probable  that  from  the  stand- 
point of  neurone  activity,  the  cell  body  represents  the  functional  centre  of  the  neurone, 
while  the  processes  act  as  organs  of  reception  or  distribution.  Certain  facts,  such  as 
the  entire  absence  of  the  chromatic  substance  in  many  nerve  cells,  in  the  axones  of  all 
nerve  cells,  and  its  diminution  during  functional  activity  and  in  fatigue,  together  with 
its  behavior  under  certain  pathological  conditions,  lend  weight  to  the  view  that  the 
stainable  substance  of  Nissl  represents  a  food  element  of  the  cell.  The  achromatic 
element,  on  the  other  hand,  is  continuous  with  the  fibrillae  of  the  axone,  and  is  con- 
sidered by  most  investigators  as  representing  the  essential  nervous  mechanism  of  the 
cell.  The  relation  of  the  Nissl  picture  to  the  conditions  existing  in  the  protoplasm  of 
the  living  cell  still  remains  an  unsolved  problem.  The  importance  of  the  Nissl  method 
from  the  standpoint  of  pathology  lies  in  the  fact  that  when  subjected  to  a  given 
technique,  a  given  type  of  nerve  cell  presents  always  the  same  appearance,  and  that 
this  appearance  furnishes  a  norm  of  comparison  with  cells  showing  pathological 
changes  which  have  been  subjected  to  the  same  technique. 

Pigment. — In  addition  to  the  elements  already  described,  more  or  less  pigment  in 
the  shape  of  fine  brownish  yellow  granules  is  often  present  in  nerve  cells.     It  is  not 

1  See  Niasl's  method  of  staining,  p.  982. 
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found  in  cells  of  the  new-bom.     It  increases  with  age,  and  in  old  age  often  fills  up  a 
large  part  of  the  cell  body.     Its  significance  is  not  known. 

The  protoplasmic  processes  or  dendrites  are — at  least  the  larger  trunks — of  the 
same  structure  as  the  cell  body  (Plate  XIII.,  1).  That  these  larger  trunks  have 
functions  similar  to  those  of  the  cell  body  seems  probable  from  the  fact  that  the  axone 

not  infrequently  takes  origin  from  a  large  dendritic 
trunk  instead  of  directly  from  the  body  of  the  cell. 
The  chromatic  substance  is  present  in  the  den- 
drit<es,  as  elongated  rods  with  triangular  masses  at 
the  points  of  bifurcation.  The  achromatic  ele- 
ments are  apparently  of  the  same  character  as  in 
the  body  of  the  cell.  The  protoplasmic  processes 
divide  dichotomously,  becoming  rapidly  smaller, 
and  end  at  a  comparatively  short  distance  from 
the  cell  body.^  Stained  by  the  method  of  Golgi, 
the  dendrites  are  seen  to  be  covered  with  minute 
projections  or  "gemmules,"  often  ending  in  a 
small  bulb.  These  processes  are  cellulipetal  in 
character,  carrying  impulses  always  toward  the 
cell. 

The  axis-cylinder  process  or  axone — so  called 
from  its  often  becoming  the  axis  cylinder  of  a 
nerve  fibre — is  usually  single.  It  generally  arises 
directly  from  the  body  of  the  cell,  but  may  arise, 
as  already  mentioned,  from  one  of  the  larger  pro- 
toplasmic  trunks.  It  is  differentiated  from  the 
dendrites  in  Nissl  preparations  by  always  taking 
origin  from  an  area  in  the  cell  body  free  from 
chromatic  substance,  and  by  being  itself  entirely 
achromatic  (Plate  XIII.,  1);  in  Golgi  specimens,  it 
is  recognized  by  its  straight  course,  uniform 
diameter,  and  smooth  outline  (Fig.  656).  It  sends 
off  few  branches,  and  these  at  right  angles  (collate 
erals).  This  axone  may  extend  a  great  distance 
from  the  cell  body;  for  example,  the  axones  of 
certain  motor  cells  of  the  spinal  cord  extend  to  the 
muscles  of  the  hands  or  feet.  Both  the  axone 
proper  and  its  collaterals  end  in  terminal  arboriza- 
tions. Their  conductivity  is  cellulifugal — that  is, 
they  always  carry  impulses  from  the  cell.  In  cer- 
tain cells  the  axis-cylinder  processes  branch  rapidly 
and  end  in  the  gray  matter  in  the  vicinity  of  their 
cells  of  origin  (Fig.  657).  An  axone  may  pass  from 
its  cell  of  origin  to  its  termination  uncovered  by 
any  sheath.  Such  axones  are  fotmd  in  certain 
portions  of  the  gray  matter.  An  axone  may  be 
enveloped  only  by  a  thin  membrane,  the  sheath  of 
Schwann,  as,  e.g.,  the  fibres  of  Remak  found  mainly 
in  the  sympathetic  system.  An  axone  may  be  sur- 
rounded by  a  myelin  sheath  alone,  as  in  the  white 
matter  of  the  brain  and  cord,  or  by  bo^  a  myelin 
sheath  and  a  sheath  of  Schwann,  as  in  the  fibres  of  the  peripheral  nerves,  with  the 
exception  of  the  olfactory  and  optic. 

According  to  the  strict  neurone  conception  of  nervous-system  structure,  each  neu- 
rone is  considered  a  complete  morphological  and,  to  a  lesser  degree,  physiological 
entity.  It  has  no  anatomical  connection  with  any  other  neurone.  Association 
between  neurones  takes  place  by  contact  or  contiguity,  and  never  by  continuity  of 


I 

Fio.  656. — Neurone  (Nerve  Cell 
OR  Ganglion  Cell  and  Processes) 
FROM  Human  Cerebral  Cortex. 

Showing  main  or  apical  dendrite 
passing  upward  and  numerous  smaller 
dendrites  coming  off  from  the  main 
dendrite  and  from  the  body  of  the  cell. 
A  single  axone  (axis-cylinder  process) 
passes  downward  from  the  base  of  the 
cell,  giving  off  two  collaterals. 


1  Exception,  peripheral  arm  of  spinal  ganglion  cell. 


Explanation  op  Plate  XIII.* 

1.  Normal  Ganglion  Cell.     Lai:ge  motor  cell  from  anterior  horn  of  human  spinal  oord.  showing 

the  nucleus  in  its  normal  central  position  with  its  nucleolus.  In  the  body  of  the  cell  are  seen  the 
chromophilic  bodies  of  various  shapes  and  sizes.  Three  main  protoplasmic  trunks  or  dendritss 
pass  off  from  the  upper  portion  of  the  cell.  In  these  the  chromophilic  bodies  are  rod-shai>ed.  The 
largest  process  branches  at  a  short  distance  from  the  oelL  To  the  left  is  seen  the  axone  or  axis- 
cylinder  process  free  from  chromatic  substance,  as  is  also  that  portion  of  the  cell  from  whidi  it 
takes  origin  (axone  hill). 

2.  Ganqugn  Cell  from  thb  Anterior  Horn  or  the  Human  Spinal  Cord  or  a  Case  or  Alcobouc 

Neuritis.  Showing  eccentricity  of  the  nucleus  and  a  large  central  area  of  the  cell  body  free 
from  chromatic  substance  (central  chromatolysis),  with  an  arrangement  of  the  remaining  chromo- 
philic bodies  around  the  periphery.  (The  similarity  between  the  appearance  of  this  cell  and  the 
one  shown  in  Fig.  6  should  be  noted.) 

3.  Ganqlion  Cell  from  the  Anterior  Horn  op  the  Spinal  Cord  of  a  Rabbit  Inoculated  witb 

Rabic  Virus  and  Killed  Shortly  After  the  Onset  of  Symptoms.  Shows  an  early  stage  of 
chromatolysis;  the  chromophilic  bodies  being  pale,  ragged,  and  vacuolated. 

4.  Ganglion  Cell  from  the  Anterior  Horn  of  the  Spinal  Cord  of  a  Rabbit  which  Died  on  the 

Ninth  Day  After  Inoculation  with  Rabic  Virus.  Shows  extreme  chromatolysis,  only  a 
few  fine  granules  of  chromatic  substance  remaining  at  the  periphery.  The  cell  is  swollen,  the 
nucleus  has  disappeared,  and  the  cell  body  and  processes  are  stained  more  deeply  wi^  the  erjrthrosin 
than  is  the  case  in  normal  cells. 

5.  Normal  Ganglion  Cell  from  a  Human  Spinal  Ganglion  of  the  Posterior  Root.    Showing 

central  position  of  the  nucleus  and  the  concentric  arrangement  of  the  chromophilic  bodies. 

6.  Ganglion  Cell  from  the  Posterior  Root  Ganglion  of  a  Rabbit  Three  Weeks  After  SscTioir 

OF  THE  Sciatic  Nerve.  The  cell  shows  extreme  eccentricity  of  the  nucleus  with  central  chro- 
matolysis and  a  peripheral  arrangement  of  the  remaining  chromophilic  bodies — axonal  degeneration. 
(There  also  remains  in  the  central  portion  of  the  cell  some  chromatic  substance  in  the  shape  of 
fine  granules  forming  an  irregular  reticulum.  The  similarity  betwem  thk  picture  and  the  one 
shown  in  Fig.  2  is  apparent.) 

7.  Portion  of  a  Posterior  Root  Ganglion  from  a  Case  of  Tabes  Dorsaus.    Showing  degeneration 

in  the  ganglion  ceUs  with  increase  in  the  interstitial  connective  tissue. 

8.  Two  Pyramidal  C^lls  from  the  Normal  Hitman  Cerebral  Cortex.     While  the  psrramidal 

cells  in  the  human  cortex  vary  considerably  in  the  amount  of  chromatic  substance  which  they 
contain,  these  are  of  an  average  type. 

9.  Two  Pyramidal  Celu  of  the  Human  Cerebral  Ck>RTEX  from  a  Case  of  Eclampsia.    These 

cells  show  marked  chromatolysis. 

1  In  the  staining  of  the  specimens  from  which  these  drawings  were  made.  Held's  modification  of 
Nissl's  method  was  used.  This  consists  essentially  in  a  preliminary  staining  of  the  sections  with  a 
one-per-cent.  aqueous  solution  of  erythrosin. 


Pathology— Ce/a/ie/rf  &  Prudden. 
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Lesions  of  Ganglion  Cells.— (?.(aiiu-if  by  Nisai's  Method.) 

Dratett  fry  F.  R.  Wa.lfy. 
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their  protopl&am.    The  passage  of  an  impulse  is  always  from  the  terminal  arborua- 
tioDS  of  axones  or  collaterals  to  the  dendrites  or  cell  body  of  the  other  Deuroae. 

The  validity  of  the  neurone  theory  has  been  recently  called  in  question  by  such 
prominent  neurologists  as  Held,  Apathy,  Betbe,  and  NissI,'  on  the  ground  that  in 
many  cases  axones  pass  directly  into  the  proto- 
plasm of  another  neurone  and  that  the  neurofibrils 
are  Bometimee  continuous  throughout  a  series  of 
neurones.  NissI  in  a  critical  review  upon  the 
present  status  of  the  neurone  theory  announces  hia 
belief  that  the  entire  neurone  concept  has  been 
proved  fallacious  and  must  bo  abandoned. 

Admitting  that  the  discovery  of  anastomoses 
between  neurones  and  of  the  continuity  of  the 
neurofibrils  must  be  accepted  as  invalidating  some 
of  our  ideas  as  to  the  separateness  of  the  neurone 
units,  it  can  still  hardly  be  considered  as  over- 
throwing the  entire  neurone  theory.  Embryo- 
logically,  morphologically,  and  physiologically  the 
neurone  shows  a  marked  degree  of  individuality, 
and  the  fact  that  neurones  sometimes,  usually,  or 
even  always,  anastomose  no  more  warrants  the  q^, 
giving  up  of  the  neurone  as  essentially  a  unit  than     thi 

did  the  discovery  of  the  fact  that  the  protoplasm  of      sbilaii  uoktex  of  a  uom«A-rio. 
epithelial  cells  was  continuous  through  intercellular         P"'  ^°^  a>one  ps»ea  off  to  the 
"bridges"  necessitate  the  giving  up  of  the  epi-     origin, 
tbelial  cell  as  the  structural  unit  of  epithelium. 

The  cell  bodies  of  neurones  are  grouped  mainly  In  the  gray  matter  of  the  brain  and 
cord,  in  the  ganglia  of  cranial,  spinal,  and  sympathetic  nerves,  and  in  the  peripheral 
end  organs  of  certain  of  the  nerves  of  special  sense.  Protoplasmic  processes  ramify 
mainly  within  the  gray  matter.'  While  some  terminate  in  the  gray  matter  in  the 
immediate  vicinity  of  their  cells  of  origin,  it  is  the  axones  that  make  up  the  bulk  of 
the  white  matter  of  the  brain,  cord,  and  peripheral  nerves. 

Neuroglia. — In  addition  to  the  extensions  inward  of  the  pia  mater  and  the  con- 
nective tissue  of  the  blood-vessels,  there  is  found  in  both  gray  and  white  matter  a 
tissue,  probably  supportive  in  function,  and  peculiar 
to  the  nervous  system^the  neuroglia.  Like  the 
neurone,  it  originates  in  the  epiblastic  cells  lining 
the  embryonic  neural  canal.  These  cells,  at  first 
morphologically  identical,  soon  differentiate  into 
neuroblasts  or  future  neuronea,  and  spongiobasts, 
or  future  neuroglia  cells.  In  the  adult  two  main 
types  of  neuroglia  cells  are  found,  spider  cells 
(Fig.  658),  with  spine-like,  straight,  unhranching 
processes,  and  mossy  cells  (Fig.  659)  with  thick, 
rough,  branching  arms.  The  former  are  found 
chiefly  in  the  white  matter,  the  latter  in  the  gray 
matter  in  connection  with  blood-vessels.  As  in  the 
case  of  the  nerve  cell,  the  processes  of  these  cells  do 
not  anastomose,  but  interlace,  forming  a  dense 
feltwork.  By  a  special  stain,  Weigert  demon- 
strates neuroglia  cell  nuclei  and  separate  fibrils. 
It  seems  probable  that  this  method  fails  to  show  the  body  of  the  cell,  while  staining 
its  nuclei  and  the  fibrils  which  pass  through  it. 

It  would  thus  appear  that  the  architecture  of  the  central  nervous  system,  consid- 
ered as  an  organ,  is  analogous  to  that  of  other  organs.  It  has  in  the  neurone  its  paren- 
chyma, and  this  parenchyma  is  supported  and  bound  together  by  a  framework  of 

'For  B  crilieaL  vUiw  of  the  oplniona  of  these  writen  conault  the  laat  edition  of  Van  CMucUm't 
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connective  timue.     The  eMential  difference  lies  in  the  fact  that  id  the  neunnke  a  the 
hlf(hcHt  morpholof(ical  differentiation  which  protopUam  has  attained,  representiDg 
chemically  the  mont  complex  molecules  known.     In  the  axone,  sometimes  a  metre  or 
more  in  length,  or  a  cell  of  microBCopic  dimensions,  there  is  a  distribution  o(  cell 
[trotoplofim,  Much  a»  occurs  in  no  other  tissue  or  organ.    The  neuroglia  also,  while 
without  question  a  tissue  suppo^ti^-e  in  func- 
tion,   is   embrj-olt^cally   and  morpbolo^callj 
different  from  other  forms  of  connective  tissue, 

degeiteratidit. 

Neurone  Degenbr.*tios. 

Degenerative  changes  may  affect  the 
entire  neurone  or  any  of  its  parts.  Such 
changes  may  result  from  direct  injur)' 
to  some  part  of  the  neurone,  to  .dimiau- 
tion  or  modification  of  ita  nutritive  sup- 
ply, to  various  toxic  conditions,  etc. 
I.  Changes- la  the  Hearone  from  to- 
Jury  to  One  of  Its  Parts. — (a)  Changes  in  the  Axone  Resulting  from 
Separation  from  Its  Cell  Body. — That  changes,  presumably  of  a 
degenerative  character,  occur  in  the  peripheral  end  of  a  nerve  when  its 
connection  with  the  central  nervous  system  is  broken  has  long  been 
known.  This  degeneration  takes  place  as  well  in  the  central  as  in  the 
peripheral  nervous  system,  and  is  complete,  involving  every  portion 
of  the  axone  distal  to  the  point  of  section.  The  changes  are  not 
progressive  from  the  point  of  lesion,  but  occur  at  nearly  the  same  linw 
in  nil  parts  of  the  distal  stump.  These  changes  consist  in  a  breaking 
up  of  the  medullary  sheath  into  segments  (Fig.  660),  which  in  turn  di^ 
integrate,  forming  variously  shaped  masses  of  myelin,  among  which 
may  bo  seen  the  axis  cylinder,  the  whole  being  enclosed  by  the  n«u- 
rilenunn.  The  method  of  Mnrchi  (see  p.  981), 
which  difTerentiatoB  between  fat  and  myelin, 
shows  that  coincident  with  the  breaking  up  of 
the  myelin  there  is  an  appearance  of  fat  drop- 
lets. These  fat  droplets  increase  in  number 
pari  piissH  with  the  decrease  in  myelin,  but 
also  ultimately  disappear.  During  the  progress 
of  these  changes  in  the  medullary  sheath,  the 
axis  eylindor  al  first  segments  and  then  under- 
goes dissolution.  The  neurilemma,  on  the 
other  hand,  appears  to  take  no  part  in  the 
degenerative  process.  On  the  contrary,  it 
and  its  nuclei  remain  intact  to  take  part  later  in  regenerative  r 
sliould  these  occur.  If  there  is  no  reuoioD  of  the  severed  eci?  x  m 
axone.  the  peripheral  portion  completely  disappears,  its  piaire  >Sii 
taken  by  connective  tissue. 

\,'>^  Changes  in   Dendritf.s  Resulting  frou  Their  SEynkr-:? 
rRi.*«  ThkirCell  Bopies. — If  we  consider,  as  does  Van  Getoei.'Mii-   -Ja; 
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the  peripheral  arm  of  the  spinal  ganglion  cell  is  a  protoplasmic  process, 
making  a  physiological  rather  than  a  morphological  differentiation,  we 
find  that  the  same  law  holds  good  for  dendrites  as  for  axones  when 
separated  from  their  cell  bodies.  Thus  in  the  divided  peripheral  nerve 
those  fibres  which  are  the  processes  of  the  spinal  ganglion  cells  undergo 
the  same  degenerative  changes  as  do  the  fibres  which  are  processes 
of  cells  of  the  anterior  horn.  Most  dendritic  processes  are,  however, 
so  short  and  terminate  in  the  gray  matter  so  near  the  cells  from  which 
they  originate  that  experimental  separation  of  the  process  from  its 
cell  body  is  impracticable.  In  view  of  the  fate  of  the  axone,  however, 
and  the  relation  of  the  dendrites  to  the  cell  body,  there  can  be 
little  doubt  that  as  complete  degeneration  follows  the  severance  of  a 
protoplasmic  process  from  its  cell  of  origin  as  follows  in  the  case  of 
the  axone. 

(c)  Changes  in  the  Proximal  Stump  and  in  the  Cell  Body  Re- 
sulting FROM  Lesion  to  the  Axone. — The  fundamental  principle 
•  of  the  law  of  Waller  was  the  complete  degeneration  of  the  distal  portion 
of  the  divided  nerve,  while  the  proximal  stump  remained  intact.  Our 
present  conceptions,  however,  of  the  interdependence  of  the  different 
parts  of  the  neurone,  and  of  the  axone  as  the  outlet  for  neurone  energy, 
would  lead  us  to  expect  certain  changes  of  an  atrophic  nature  in  the 
proximal  stump  and  in  the  cell  body,  as  a  result  of  separation  from  its 
axone  and  consequent  inability  to  functionate.  That  such  changes  take 
place  recent  improvements  in  c)rtological  technique  have  enabled  us 
to  determine.  The  method  of  Marchi  shows  that  degenerative  changes 
occur,  not  only  in  the  distal,  but  in  the  proximal  end  of  the  divided 
nerve.  These  changes  take  place  more  slowly  than  in  the  distal  portion, 
but  are  apparently  identical  in  character. 

In  the  body  of  the  cell  the  method  of  Nissl  demonstrates  marked 
changes  after  section  of  the  axone.  These  changes  may  be  observed 
within  twenty-four  hours  after  the  injury.  They  consist  in  a  diminu- 
tion in  the  chromatic  elements  of  the  cell,  chromatolysis.  This  is  most 
marked  in  the  central  portion  (central  chromatolysis),  a  distinct  ring 
of  chromophilic  bodies  around  the  periphery  often  remaining.  The 
nucleus  usually  migrates  toward  the  periphery  and  may  even  bulge 
from  the  cell.  In  the  case  of  the  hypoglossal  nerve  in  the  rabbit,  these 
changes  reach  their  maximum  in  from  two  to  three  weeks.  The  future 
of  some  of  these  cells  is  complete  degeneration.  Others  apparently  un- 
dergo regeneration.  The  intensity  of  the  reaction  of  the  nerve  cell  to 
injury  to  its  axone  depends  upon  the  severity  of  the  injury.  Thus  cut- 
ting the  nerve  is  followed  by  more  prompt  and  marked  changes  in  the 
nerve  cell  than  simple  compression,  while  pulling  out  the  nerve  roots  is 
followed  by  a  still  more  intense  reaction.  Again,  there  is  a  difference  in 
the  resisting-powers  of  different  types  of  cells.  Thus  the  motor  cells  of 
the  anterior  horn  are  peculiarly  resistant  to  injury  to  their  axones,  as 
are  also  the  spinal  ganglion  cells  to  injury  to  their  central  processes. 
Again,  between  cells  of  the  same  type  there  are  marked  variations  in  re- 
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sisting-powers.     Thus  the  motor  cells  of  the  anterior  horn  are  much  more 
resistant  than  the  cells  of  the  motor  cranial  nuclei.^ 

(d)  Changes  in  the  Cell  Body  Resulting  from  Lesions  to  Its 
Dendrites. — In  the  study  of  the  effect  upon  the  cell  body  of  a  lesion 
depriving  it  of  one  or  all  of  its  dendritic  processes,  we  meet  with  the 
same  experimental  obstacles  already  mentioned  in  connection  with 
changes  in  the  dendrites.  It  is,  again,  only  in  the  peripheral  arm  of  the 
spinal  ganglion  cell  that  we  have  a  cellulipetal  process  of  any  considerable 
length.  Section  of  this  process  results  in  changes  in  the  spinal  gan- 
glion cell  quite  similar  in  character  to  the  so-called  "  axonal "  degenera- 
tion (Plate  XIII.,  6).  If  we  consider  that  a  cell's  dendrites  probably 
furnish  its  most  important  avenue  for  the  reception  of  impulses,  it  follows 
that  a  neurone  may  be  thrown  as  completely  out  of  circuit,  as  it  were, 
by  injury  to  its  dendrites  as  by  injury  to  its  axone.  The  experiments 
of  Warrington^  are  interesting  in  this  connection.  He  attempted  to 
bring  about  the  same  functional  effect  as  would  result  from  section  of  a 
cell's  dendrites,  by  inhibiting  afferent  impulses.  Cutting  the  posterior 
roots,  he  noted  changes  in  the  cells  of  the  anterior  horn.  The  inference 
was  that  these  changes  were  induced  by  an  inhibition  of  the  customar}* 
normal  stimulation  by  means  of  the  afferent  impulses  reaching  the  cells 
through  their  dendritic  processes. 

II.  Changes  in  the  Netirone  from  Interference  With  Its  Nutrition.— 
Changes  apparently  of  a  degenerative  character  have  been  described  in 
neurones  as. a  result  of  interference  with  nutrition.  Thus  Brieger  and 
Ehrlich'  found  that  by  temporarily  applying  a  ligature  to  the  abdominal 
aorta,  they  induced  an  acute  necrosis  of  the  cells  of  the  lumbar  cord. 
Later  experiments  of  a  similar  nature  followed  by  the  Marchi  staining 
showed  that  the  degenerative  process  affected  not  only  the  cell  bodies, 
but  the  entire  neurone.  Similar  degenerative  changes  have  been  induced 
by  experimentally  produced  multiple  emboli,  cells  in  the  vicinity  of  the 
occluded  vessels  being  in  marked  contrast  to  cells  from  regions  whose 
vessels  remained  patent.  Ewing*  describes  definite  degenerative  changes 
in  nerve  cells  as  a  result  of  anaemia  consecutive  to  pressure  from  cere- 
bral haemorrhage  and  to  thrombosis  of  the  basilar  artery.  Less  marked 
changes  have  been  observed  in  cases  of  general  malnutrition  and  in  se- 
vere anaemias. 

III.  Effects  of  Toxins  upon  Netirones. — Changes  of  a  degenerative 
character  occur  in  neurones  as  a  result  of  the  action  of  toxins.  These 
toxins  may  be  introduced  into  the  body  from  without,  for  example,  such 
poisons  as  alcohol,  arsenic,  lead,  strychnin,  etc.;  they  may  be  elaborated 
within  the  body  as  the  result  of  faulty  metabolism,  for  example,  in  ui«- 
mia,  eclampsia,  etc.,  or  as  a  result  of  the  action  of  bacteria,  as  in  tetanus, 
rabies,  (Plate  XIII.,  3,  4,  and  8),  diphtheria,  etc.,  or  of  the  Plasmodium 

1  For  review  and  bibliography  of  changes  in  the  nerve  cell  and  in  the  proximal  stump  after  sectioa 
of  a  peripheral  nerve  consult  Barker,  "The  Ner\'Ous  System,"  p.  229  et  9eq. 

»  Warrington,  W.  B.,  "On  the  Structural  Alterations  in  Nerve  CeUs,"  Jour,  of  PhysioL,  Ltfwlfl". 
vol.  xxiii.,  p.  112,  1898. 

*  Brieger  und  Ehrlich,  "Ueber  die  Ausschaltung  des  Lendenmarkgrau,"  Zeitschr.  f.  klin.  Me4» 
Berlin,  Bd.  vii.,  Suppl..  1883-84. 

*  Ewing.J.,  "Studies  on  Ganglion  Cells,"  Arch,  of  Neur.  and  Psychopath.,  vol.  i.,  1898. 
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malarisB.  The  effects  of  these  poisons  upon  the  neurone  vary  with  dif- 
ferent poisons  and  in  different  types  of  neurones.  The  effects  of  the 
same  poison  upon  a  given  type  of  neurone  also  vary  according  to  its 
rapidity  of  action,  whether  rapidly  fatahor  extending  over  a  considerable 
period  of  time.  Again,  given  the  same  poison  and  the  same  time  of 
action,  not  all  neurones  even  of  the  same  type  show  an  equal  suscepti- 
bility. There  seem  to  be  marked  individual  differences  among  neu- 
rones of  the  same  type  as  regards  their  resisting  powers. 

These  changes  in  the  neurone  from  the  action  of  toxins  may  affect  one 
or  all  of  its  structural  elements,  and  vary  from  the  slightest  appreciable 
loss  of  staining  qualities  of  the  chromophilic  bodies  to  complete  destruc- 
tion of  the  neurone.  In  the  chromophilic  bodies  the  essential  change 
seems  to  be  a  decrease  in  the  amount  of  chromatic  substance,  chromatoly- 
sis.  This  may  be  evidenced  merely  by  a  decreased  staining  intensity, 
the  chromatic  masses  appearing  abnormally  pale;  the  bodies  may  have  a 
ragged  or  frayed-out  appearance  at  their  edges;  they  may  be  shrunken, 
or,  retaining  their  normal  shape  and  size,  become  vacuolated  (Plate 
XIII.,  3);  they  may  completely  disintegrate,  giving  to  the  cell  a  diffuse 
granular  appearance;  they  may  disappear,  leaving  the  cell  entirely  devoid 
of  chromatic  substance.  The  chromatic  masses  in  the  dendrites  seem  in 
many  cases  to  be  more  resistant  or  less  exposed  than  are  those  in  the  body 
of  the  cell,  often  remaining  unchanged  at  a  time  when  the  latter  show  an 
advanced  degree  of  chromatolysis.  During  these  changes  in  the  chro- 
matic element  the  cyto-reticulum  may  remain  apparently  normal  or  it 
may  more  or  less  completely  disintegrate.  This  disintegration  usually 
marks  the  more  advanced  degenerative  changes  (Plate  XIII.,  4). 

In  the  truly  achromatic  element  of  the  cell  or  cjrtoplasm,  our  present 
methods  of  staining  fail  to  demonstrate  lesions.  Diffuse  staining  of  this 
basement  substance  is  a  common  phenomenon  of  chromatolysis,  but 
seems  more  properly  referable  to  a  diffusion  of  the  fine  granules  resulting 
from  disintegration  of  the  chromatic  masses  than  to  any  changes  in  the 
cytoplasm  itself.  Disappearance  of  the  formed  elements  of  the  cell  often 
leaves  clear  holes  or  vacuoles  in  the  cell  body  or  gives  the  appearance  of 
cracks  or  fissures.  The  nucleus  may  remain  normal;  it  may  swell  and 
its  contour  become  abnormally  distinct;  it  often  takes  a  diffuse  stain; 
later  it  shrinks,  becomes  crenated,  its  reticulum  and  limiting  membrane 
break  up  and  its  outline  is  lost.  During  these  nuclear  changes  the  nu- 
cleolus may  also  disintegrate.  It  is  often  extremely  resistant,  remaining 
apparently  unchanged  after  most  of  the  other  parts  of  the  cell  have  be- 
come unrecognizable.  Concurrent  with  these  changes  in  internal  struc- 
ture are  changes  in  the  shape  and  size  of  the  cell.  Its  contour  becomes 
irregular,  and  its  edges  present  an  eroded  appearance;  the  cell  body 
shrinks  away  from  its  cell  space,  breaks  up,  and  ultimately  disappears. 
The  dendrites  undergo  alterations  similar  to  those  in  the  body  of  the 
cell.  They  shrink,  become  separated  from  the  cell  body,  and  finally 
disintegrate. 

That  part  of  the  neurone  which  shows  most  marked  evidences  of  its 
effect  is  not  necessarily  the  part  upon  which  the  poison  is  most  directly 
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acting.  Thus  a  toxin  affecting  directly  the  cell  body  may  cause  the 
earliest  and  most  pronounced  changes  far  out  in  its  dendritic  or  axonal 
processes,  i.e.,  in  those  parts  of  the  neurone  farthest  removed  from  the 
trophic  centre. 

To  the  action  of  a  specific  poison  certain  neurones  seem  less  resistant 
than  others.  Thus,  to  the  action  of  lead  those  neurones  governing  the 
extensor  muscles  of  the  wrist  seem  especially  susceptible.  The  cells  of 
the  motor  nucleus  of  the  trigeminus  seem  to  be  less  resistant  than  other 
motor  cells  to  the  poison  of  tetanus.  Again,  the  frequency  with  which 
tabes  dorsalis  is  associated  with  a  syphilitic  history  seems  to  indicate  a 
special  susceptibility  to  the  syphilitic  poison  on  the  part  of  the  peripheral 
sensory  neurone. 

Comparing  the  changes  in  the  nerve  cell  in  toxsemias  (Plate  XIII.,  3  and  4)  with 
those  induced  by  lesions  to  its  axone — axonal  degeneration  (Plate  XIII.,  6) — we  note 
that  while  in  the  latter  the  chromatolysis  is  central  in  character,  beginning  in  the 
region  of  the  axone  hill  and  nucleus,  in  the  former  the  changes  begin  at  the  periphery, 
the  portion  of  the  cell  in  most  direct  relation  to  the  surrounding  lymph.  In  axonal 
degeneration  the  nucleus  is  usually  eccentric.  In  toxsemia  it  usually  remains  central, 
at  least  until  the  process  of  degeneration  is  far  advanced.  While  this  distinction  holds 
good  in  general  and  while  the  phenomena  of  central  chromatolysis  and  eccentricity 
of  the  nucleus  regularly  follow  injury  to  the  axone,  we  are  not  yet  warranted  in  stating 
that  such  changes  never  occur  except  after  some  injury,  or  that  the  presence  of  such 
changes  in  the  cell  can  be  explained  only  on  the  basis  of  injury  to  its  axis-cylinder 
process. 

IV.  Effects  of  Fatigue  upon  Neurones. — Studies  upon  the  effect  of  fa- 
tigue upon  the  neurone  have  been  made  in  animals  after  prolonged  mus- 
cular activity  and  after  electrical  stimulation.  While  the  results  are  not 
in  complete  accord,  there  seems  to  be  little  doubt  that  definite  morpho- 
logical changes  occur  in  the  neurone  as  a  result  of  fatigue.  These  changes 
consist  in  a  decrease  in  the  size  of  the  cell  body,  a  decrease  in  the  size  of 
the  nucleus,  often  with  distortion,  and  a  marked  decrease  in  the  amount 
of  chromatic  substance  with  more  or  less  dififuse  staining  of  both  cell 
body  and  nucleus. 

It  seems  not  at  all  improbable  that  the  clinical  pictures  presented  by  certain  psy- 
choses and  neuroses  are  the  expression  of  the  effects  upon  the  neurones  of  prolooged 
fatigue.  Certain  local  expressions  of  neurone  exhaustion,  as,  for  example,  writer's 
cramp,  may  possibly  also  be  placed  in  the  same  category. 

As  to  the  significance  of  those  changes  in  the  nerve  cell,  which  are  marked  by  dim- 
inution in  the  chromatic  substance  alone,  and  to  which  the  term  "chromatolysis"  has 
been  given,  there  is  a  considerable  difference  of  opinion.  Marinesco^  considos  them 
of  the  nature  of  degeneration.  Van  Gehuchten*  is  inclined  to  look  upon  the  phenome- 
non as  conservative  in  character,  a  means  by  which  the  neurone  assumes  a  conditioo 
most  advantageous  for  self-defence.  It  has  been  shown  that  even  an  extreme  degree 
of  chromatolysis  is  not  incompatible  with  function.  Marinesco  insists  that  so  kog  as 
the  changes  are  confined  to  the  chromatic  substance  recovery  is  possible,  no  matter 
how  extensive  the  alterations,  while  changes  in  the  achromatic  dements  are  ahrtj* 
permanent  in  character.     It  seems  quite  probable  that  a  comparatively  easy 

1  Marinesco,  O.     See  Van  Gehuchten's  "Anatomie  du  Syst^me  Nerveuz.**  p.  339. 
*  Van  Gehuchten,  loc.  cit.,  p.  339. 
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of  investigation  has  led  to  an  overestimation  of  the  significance  of  changes  in  the 
chromatic  substance  of  the  neurone,  and  to  a  neglect  of  probably  more  important  but 
less  easily  studied  changes  in  the  achromatic  element. 

Regeneration. 

Regeneration  of  nerve  tissue  in  the  sense  of  an  actual  reproduction 
of  neurones  probably  never  occurs  in  the  adult  human  nervous  system.* 
As  has  been  noted,  extreme  chromatolysis  may  be  succeeded  by  complete 
recovery.  In  the  case  of  axonal  chromatolysis,  the  degenerative  process 
usually  reaches  its  maximum  in  about  three  weeks.  Regeneration  of 
chromophilic  bodies  then  begins.  This  reconstructive  process  is  slow, 
the  cells  often  requiring  months  to  return  to  a  normal  condition.  At 
some  stage  of  the  process  there  is  usually  an  overprodution  of  chro- 
matic substance,  and  the  cells  appear  darker  than  normal. 

Primary  union  between  the  ends  of  divided  nerve  fibres  does  not 
occur.  Complete  degeneration  of  the  distal  portion  always  precedes  the 
regenerative  process.  In  this  reconstruction  the  nuclei  of  the  neurilemma 
seem  to  play  an  important  part.  They  increase  in  number,  and  there  is 
also  an  increase  in  the  protoplasm  which  surrounds  them.  With  union 
of  the  divided  ends,  the  axones  of  the  central  stump  may  grow  out  again, 
if  the  ganglion  cells  be  intact,  and  ultimately  resume  function.  The 
myelin  first  reappears  as  droplets  which  coalesce  and  finally  form  a 
complete  sheath.  This  reconstructive  process  in  the  nerve  fibre  is  ex- 
tremely slow,  often  requiring  many  months  for  its  completion. 

Replacement  Neuroglia  Hyperplasia. — Under  various  condi- 
tions in  which  there  is  destruction  of  the  parenchyma,  as,  e.y.,  in  ascend- 
ing and  in  descending  degeneration  of  the  spinal  cord,  there  occurs  a 
compensatory  increase  in  the  interstitial  elements.  This  new  tissue  is  at 
first  cellular,  most  of  the  cells  being  of  the  spider  variety.  Later  there 
is  an  increase  in  the  neuroglia  fibres,  and  the  tissue  often  becomes  dense 
and  hard.  What  part  the  mossy  cells  or  other  less  common  types  of 
neuroglia  cells  take  in  the  proliferative  process  is  as  yet  unknown. 
With  the  increase  in  fibres  there  are  often  shrinkage  and  the  formation  of 
dense  fibrous  tissue.  This  replacement  hyperplasia  in  neuroglia  seems 
quite  similar  in  nature  to  replacement  connective-tissue  hyperplasia  in 
other  organs,  and  is  often  wrongly  considered  inflammatory. 

Degenerations  Affecting  Systems  of  Neurones. 

General  Considerations  Concerning  Neurone  Sjrstems. 

Before  considering  the  subject  of  systemic  degeneration  we  may  refer  briefly  to 
the  situation  in  the  nervous  system  of  certain  of  the  more  important  groups  of  neu- 
rones and  the  paths  which  their  axones  take. 

That  the  cell  bodies  of  neurones  are  grouped  in  the  gray  matter  of  the  brain,  cord, 
and  ganglia,  and  in  the  end  organs  of  certain  nerves  of  special  sense,  has  already  been 
mentioned.  This  grouping  of  neurones  serves  definite  physiological  ends.  Their  cell 
bodies  form  centres  or  nuclei,  while  their  axones  are  collected  into  bundles  or  fibre 

» For  review  and  literature  on  "Regeneration."  see  Barker,  "The  Nervoua  System."  p.  246  H  $4q. 
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tracts.  Thus,  in  the  region  of  the  fissure  of  Rolando  are  grouped  the  centres  of  those 
neurones  which  have  to  do  with  voluntary  motion,  and  what  is  known  as  cerebral 
localization  means  the  grouping  of  cell  bodies  of  neurones  for  specific  function.  Af tfCr 
the  known  localizations  are  eliminated,  there  still  remains  imaccoimted  for  the  greater 
part  of  the  cerebral  cortex,  and  our  present  belief  is  that  these  neurones  are  neurones 
of  association  by  which  the  various  centres  are  brought  into  physiological  relationship. 
Some  understanding  of  this  neurone  grouping,  and  especiidly  of  the  arrangement  of 
their  neuraxones  as  fibre  tracts  of  the  cord,  is  essential  to  an  appreciation  of  those 
degenerations  which  affect  definite  systems  of  neurones. 

Peripheral  Motor  Neurones. — These  neurones  have  their  cell  bodies  in  the 
gray  matter  of  the  anterior  horn  and  in  the  motor  nuclei  of  the  cranial  nerves.  Their 
neuraxones  pass  out  as  the  motor  fibres  of  the  cranial  and  of  the  spinal  nerves.  The 
entire  neurone  lies  upon  the  same  side  of  the  body;  that  is,  the  peripheral  motor  neu- 
rone is  "direct." 

The  Upper  or  Cortico-spinal  Motor  Neurones  have  their  cell  bodies  situated 
mainly  in  the  cerebral  cortex  near  the  fissure  of  Rolando.  Their  neuraxones  converg- 
ing, pass  through  the  internal  capsule,  pons,  and  medulla,  sending  off  fibres  to  the 
motor  nuclei  of  the  cranial  nerves.  In  the  medulla  the  tract  comes  to  the  surface  as 
the  anterior  pyramids.  At  the  junction  of  medulla  and  cord  occurs  the  pyramidal 
decussation  in  which  most  of  the  fibres  of  the  tract  cross  to  the  opposite  lateral  region 
of  the  cord,  to  be  known  as  the  crossed  pyramidal  tracts  while  a  minority  remain  on  the 
same  side,  to  pass  down  the  cord  as  the  direct  pyramidal  tract.  As  the  tracts  descend, 
fibres  continuously  leave  them  to  terminate,  those  of  the  crossed  tract  in  the  gray 
matter  of  the  same  side,  those  of  the  direct  tract,  after  passing  through  the  anterior 
commissure,  in  the  gray  matter  of  the  opposite  side.  The  cortico-spinal  motor  tract 
is  a  crossed  tract.*  These  tracts  present  variations  in  size  and  length.  They  are 
often  asymmetrical.  The  crossed  tract  extends  to  the  lower  sacral  cord.  The  direct 
tract  usually  ends  about  the  mid-dorsal  region,  though  it  has  been  followed  as  low 
as  the  second  lumbar  segment. 

The  Sensory  (Afferent)  Tract,  like  the  motor,  consists  of  two  segments,  ao 
upper  and  a  lower. 

The  lower  or  peripheral  sensory  neurone  tract  has  its  cell  bodies  in  the  ganglia  of  the 
spinal  and  of  the  cranial  nerves.  Their  peripheral  arms,  which  Van  Gehuchten  con- 
siders protoplasmic  processes,  are  axis  cylinders  of  cranial  or  of  spinal  nerves.  Their 
central  processes  or  axones  pass  into  the  cord  as  the  fibres  of  the  p>osterior  roots  and 
enter  the  posterior  columns.  Here  they  divide  into  ascending  and  descending  arms. 
The  descending  arm  is  short,  and  with  its  collateral  branches  soon  terminates  in  the 
gray  matter  of  the  same  side  of  the  cord.  The  ascending  arm  may  also  be  short,  and 
with  its  collaterals  terminates  as  does  the  descending.  It  may  pass  a  considerable 
distance  up  the  cord  and  then  end  in  the  gray  matter.  It  may,  as  one  of  the  long 
fibres  of  the  posterior  colunms,  continue  upward  to  the  medulla,  where  it  terminates 
in  one  of  the  posterior  column  nuclei.  These  long  fibres  pass  inward  as  they  pass 
upward,  so  that  the  lower  the  origin  of  the  fibre  the  more  mesial  is  its  position  in  the 
upper  part  of  the  cord.  The  entire  neurone  lies  upon  the  same  side  of  the  cord.  The 
lower  sensory,  like  the  lower  motor  neurone,  is  direct. 

Upper  Sensory  Neurones. — The  arrangement  of  these  neurones  is  extremely  com- 
plex, and  only  those  whose  axones  enter  into  the  formation  of  distinct  tracts  of  the 
cord  will  be  here  mentioned.  Of  the  above-described  central  arms  of  the  peripheral 
sensory  neurones,  some  of  the  shorter  enter  the  gray  matter  of  the  cord  and  with  their 
collaterals  terminate  around  motor  cells  (reflexes).  Others  terminate  around  cells 
whose  axones  cross  to  the  opposite  side  of  the  cord  and  pass  upward  as  the  antero- 
lateral ascending  tract,  or  tract  of  Cowers.  Other  fibres  terminate  around  cells  oi  the 
column  of  Clarke,  the  axones  of  which  pass  upward  as  the  direct  cerebellar  tract 

In  addition  to  these  main  fibre  tracts,  there  are  in  all  regions  of  the  cord  fibrs 
which  are  commissural  in  character.  These  fibres  are  the  axones  of  cells  situated  io 
the  gray  matter  of  the  cord,  and  after  passing  a  short  distance  up  or  down  and  sending 

'  Certain  recent  observations  tend  to  show  that  there  may  be  a  small  number  of  "direct"  fibm 
in  the  so-called  crossed  pyramidal  tract. 
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collaterals  into  the  gray  matter,  themselves  re-enter  the  gray  matter  aud  tenninate 
there.  These  short  fibres  make  up  the  so-called  ground  bundles  or  fundamental  col- 
umns of  the  cord.  They  attain  their  greatest  development  in  those  regions  of  the 
cord  where  the  reflex  centres  are  most  extensive,  i.e.,  in  the  lumbar  and  cervical 
enlargements. 

Secondary  Degenerations. 

Secondary  degenerations  are  dependent  upon  the  fact  already  noted, 
that,  the  cell  body  being  the  trophic  centre  of  the  neurone,  the  axone 
when  separated  from  its  cell  body  dies. 

Descending  Degeneration. — Any  cortical  lesion,  such  as  embolic 
softening  and  apoplectic  clots,  which  destroys  the  nerve  cells,  or  any 
lesion  of  the  brain  or  cord  which  interrupts  the  axone  tracts  of  the  cortico- 
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spinal  system  of  neurones,  determines  a  complete  degeneration  of  the 
affected  axones  (Fig.  661).  The  course  of  these  axones  has  been  de- 
scribed. Thus  a  lesion  of  the  brain  affecting  motor  neurones  is  fol- 
lowed by  a  degeneration  in  the  motor  tract  of  the  same  side  down  to  the 
pyramidal  decussation,  and  below  that  point,  in  the  direct  motor  tract 
on  the  same  side  and  in  the  crossed  tract  on  the  opposite  side,  the  num- 
ber of  degenerated  fibres  being  proportionate  to  the  number  of  cells  de- 
stroyed or  axones  interrupted.  In  a  number  of  cases  of  descending  de- 
generation due  to  cerebral  lesions,  degenerated  fibres  were  found  in  the 
crossed  pyramidal  tract  on  the  same  side  as  the  lesion.  This  degenera- 
tion was  not  present  in  all  cases,  and  in  no  case  was  it  as  marked  as  the 
degeneration  in  the  opposite  lateral  tract.  The  explanation  is  that 
in  some  cords  a  small  number  of  fibres  instead  of  decussating  pass  down 
into  the  cord  in  the  lateral  tract  of  the  same  side. 


964  THE    NERVOUS   SYSTEM 

In  descending  degeneration  due  to  a  lesion  below  the  pjTamidal  de- 
cussation a  somewhat  different  picture  is  presented.  In  a  complete  trans- 
verse lesion  there  is  degeneration  of  both  crossed  and  of  both  direct  py- 
ramidal tracts.  If  the  lesion  is  unilateral  the  degenerations  are  upon  the 
same  side  as  the  lesion.  The  areas  of  degeneration  are  also  larger  anil 
leas  sharply  defined  than  in  cerebral  lesions.  Then  in  addition  to  the 
degeneration  of  the  pyramidal  tracts  there  is  a  degeneration  of  a  con- 
siderable number  of  fibres  in  a  crescent-shaped  area  lying  near  the  periph- 
ery of  the  antero-lateral  region  and  extending  from  the  crossed  to  the 
direct  tract.     Degeneration  o(  these  fibres  has  been  described  by  Marebi' 


■mm  taksn.     DecenentioB  is  almost  <»niplet«  in  the  columiu  of  Ooll.  of  Goren,  and  the  dinet  OF 
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after  removal  of  the  cerebellum.  He  considers  them  descending  cere- 
bellar fibres.  The  so-called  comma-shaped  degeneration  in  the  posterior 
columns  is  sometimes  present.  Schultze'  regards  these  fibres,  which 
are  situated  about  the  middle  of  the  posterior  columns,  as  descending 
axones  of  spinal  ganglion  cells.  Tooth'  thinks  that  they  are  more  prob- 
ably descending  branches  of  commissural  neurones.  In  the  fundamental 
columns  the  degeneration  extends  but  a  short  distance  below  the  seat  ol 
injury,  and  of  course  affects  only  those  axones  which  descend. 

Ascending  Degeneration. — Any  lesion  which  destroys  the  spinal 
ganglion  cells  or  which  interrupts  their  axones  determines  a  secondary 
ascending  degeneration  in  the  posterior  columns  (Fig.  662).     Any  leaon 

'MarrJii,  '-OrigineedecDrasotiei  peduacoli  cenbelUri."  Rev.  Sper.  d«  Fno.  e  Med.  c  kf..  ^ 
ivii..  p.  367. 
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of  the  cord  which  interrupts  the  tract  of  Gowers  or  the  direct  cerebellar 
tract  is  followed  by  degeneration  of  the  fibres  of  these  tracts  above  the 
lesion  (Fig.  662).  Immediately  above  the  lesion  there  is  complete  de- 
generation of  the  tracts.  As  we  pass  upward  new  undegenerated  fibres 
from  the  spinal  ganglia  above  the  lesion  enter  the  column  of  Burdach, 
so  that  there  appears  in  the  posterior  columns  a  constantly  increasing 
number  of  normal  fibres.  Also  in  the  column  of  Gowers  undegenerated 
fibres  appear  as  one  passes  upward  from  the  lesion.  Some  of  these  fibres 
probably  have  their  origin  in  the  gray  matter  of  the  cord,  and  the  num- 
ber of  normal  fibres  is  in  proportion  to  the  number  of  these  cells  be- 
tween the  lesion  and  the  point  at  which  the  section  is  taken.  Descending 
fibres  in  these  columns  have  already  been  mentioned.  They,  of  course, 
do  not  degenerate.  If  the  lesion  be  above  Clarke's  columns  the  degen- 
eration in  the  cerebellar  tracts  remains  complete;  if  not,  the  number  of 
normal  fibres  is  in  proportion  to  the  number  of  Clarke's  column  cells 
between  the  lesion  and  the  point  of  section.  The  ascending  fibres  of  the 
fundamental  columns  also  degenerate,  but  are  so  short  that  they  cannot 
usually  be  traced  beyond  the  area  of  direct  action  of  the  traumatism. 

Primary  Degenerations. 
Degeneration  of  the  Peripheral  Motor  Neurones. 

Progressive  spinal  micscidar  atrophy  is  the  clinical  designation  of  a 
disease,  the  underlying  lesion  of  which  is  a  progressive  atrophy  or  de- 
generation of  the  lower  motor  neurones.  There  is  a  degeneration  of 
the  large  motor  cells  of  the  anterior  horns  and  of  their  processes.  This 
degeneration  goes  on  to  complete  destruction  of  some  neurones.  With 
the  loss  of  nerve  tissue  proper  there  is  a  compensatory  growth  of  neu- 
roglia. In  a  well-advanced  case,  section  of  the  cord  shows  a  marked 
diminution  in  the  number  of  anterior  horn  cells  and  an  atrophic  condition 
of  the  horn  itself  and  of  the  anterior  roots.  The  lesion  usually  begins  in 
the  cervical  region.  More  rarely  it  starts  in  the  lumbar  cord.  The  de- 
generation may  extend  to  the  motor  cranial  nerve  nuclei,  giving  the 
picture  of  a  progressive  bulbar  paralysis.  The  medullary  nuclei  most 
commonly  involved  are  the  hypoglossal  and  the  spinal  accessory.  Less 
often  the  degeneration  affects  the  cells  of  origin  of  the  fifth  and  seventh. 
Degeneration  of  the  peripheral  nerves  has  been  described.  The  muscu- 
lar lesions  correspond  to  the  lesions  in  the  cord,  the  muscles  of  the  hand 
and  arm  being  usually  first  affected.  For  the  degenerative  changes  in 
the  muscles  see  page  869.  This  lesion  is  sometimes  described  as  a 
chronic  anteropoliomyelitis.  Both  its  clinical  history  and  its  pathology, 
however,  indicate  the  degeneration  as  the  initial  lesion  and  the  neuroglia 
increase  as  secondary — a  replacement  hyperplasia. 

Degeneration  of  the  Cortico-spinal  Motor  Neurones. 

Spastic  Paraplegia-Spastic  Spinal  Paralysis.-Thia  may  be  described 
a  primary  lesion  of  the  upper  or  cortico-spinal  motor  neurones.     It 
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is  probable  that  the  lesion  atTecta  the  entire  neurone.  As  a  distinct 
pathological  entity  the  condition  is  extremely  rare.  ^\'hether  it  origin- 
ates in  a  degeneration  of  the  cell  bodies  of  these  neurones  in  the  cor- 
tex is  not  known.  The  clinical  picture  of  spastic  paraplegia,  due  to 
compression,  to  a  transverse  myelitis,  or  to  a  multiple  sclerosis,  ia  not 
uncommon.  Marie'  considers  spastic  paraplegia  as  a  disease  appearing 
in  childhood,  and  due  to  a  faulty  development  of  the  cortico-spinal  motor 
neurones,  rather  than  to  their  degeneration. 

Deqenehation    op    Both   Peripheral    and    Cortico-spinal  Motor 
Neurones. 

Amyotrophic  Lateral  Sclerosis. — This  is  a  primary  progressive  degener- 
ation involving  both  cortico-spinal  and  spino-peripheral  motor  neurones. 
The  appearance  of  the  transverse  section  of  the  cord  is  a  combination  of 
that  in  spastic  paraplegia  and  that  in  progressive  muscular  atrophy- 
There  is  a  degeneration  of  the  cells  of  the  anterior  horn  with  atrophy  of 
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Degeneration  of  the  crowed  pynunidal  snd  of  the  direct  pynumidal  tracts.  In  this  case  then  wm 
■od  there  wu  an  jncreue  in  the  oooaective  tiegue  of  the  horns, 

the  horn  itself,  and  a  degeneration  of  the  fibres  of  the  direct  and  of  the 
crossed  pyramidal  tracts  (Fig.  663).  The  lesion  in  the  horns  is  usuallj 
most  pronounced  in  the  cervical  region.  The  extent  of  involvement  of 
the  motor  tracts  of  the  cord  is  extremely  variable.  The  degeneration, 
which  is  the  initial  lesion,  is  accompanied  by  a  replacement  connective- 
tissue  hyperplasia,  and  the  picture  presented  on  section  of  the  cord  is 
that  of  a  sclerosis  of  the  motor  tracts  and  of  the  anterior  horns.  Qwte 
frequently  the  sclerosis  is  not  wholly  confined  to  the  motor  tracts,  bm 
extends  into  the  neighboring  anterior  and  lateral  tracts,  especially  in 

'  Marir,  ■■  Lerturee  on  DUetuee  of  the  Spiosl  Coni,"  London,  N.  8.  Soc.,  I8S5. 
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the  cervical  region.  The  degeneration  in.  these  tracts  has  been  traced 
through  the  medulla,  pons,  and  cms  to  the  cortex,  where  changes  have 
been  observed  in  the  large  pyramidal  cells.  In  the  gray  matter  of  the 
medulla  are  also  found  changes  analogous  to  those  in  the  anterior  horns, 
consisting  in  degeneration  of  the  cells  of  the  motor  cranial-nerve  nuclei 
(hypoglossal,  spinal  accessory,  pneumogastric,  glosso-pharyngeal,  and 
facial).  The  atrophy  of  the  muscles  innervated  by  these  nerves  gives 
the  clinical  picture  of  glosso-labio-laryngeal  paralysis  or  progressive 
bulbar  paralysis.  The  medullary  lesion  may  occur  without  any  corre- 
sponding lesion  of  the  cord,  thus  giving  rise  to  a  bulbar  paralysis  with- 
out any  spinal  symptoms.  The  seat  of  the  initial  lesion,  whether  in  the 
cell  bodies  in  the  cortex  or  in  their  axones,  is  as  yet  undetermined. 
The  fact  that  disturbances  of  nutrition  acting  primarily  upon  the  cell 
body  are  frequently  most  evidenced  by  changes  in  parts  of  the  neurone 
farthest  from  the  trophic  center  has  already  been  mentioned.  The  mus- 
cle changes  are  those  of  a  progressive  muscular  atrophy. 

Degeneration  of  the  Peripheral  Sensory  Neurones.     {Tabes  Dor- 
scdis — Posterior  Spinal  Sclerosis — Locomotor  Ataxia,) 

The  essential  lesion  of  tabes  is  a  primary  progressive  degeneration  of 
the  peripheral  sensory  neurone  system.  As  its  older  title  indicates,  the 
clinical  picture  of  locomotor  ataxia  had  been  attributed  to  a  primary 
sclerosis  of  the  posterior  columns.  This  was  not  because  in  these  col- 
umns was  the  only  lesion,  but  because,  owing  to  the  close  packing  to- 
gether here  of  the  sensory  axones,  this  lesion  was  the  most  conspicuous. 
The  distribution  of  the  lesion  is  coextensive  with  the  peripheral  sensory 
neurone  system  (p.  952).  Any  part  of  the  system  may  be  affected  or 
the  lesion  may  involve  practically  the  whole  system.  Again,  the  entire 
neurone  may  be  affected,  or  only  part  of  the  neurone,  or  one  part  more 
than  other  parts.  In  general  it  may  be  said  that  it  is  the  central  process 
of  the  neurone,  which  enters  the  cord  in  the  posterior  nerve  roots,  that 
shows  the  earliest  and  most  extensive  changes. 

It  is  convenient  to  classify  the  lesions  of  tabes  according  to  the  anat- 
omy of  the  peripheral  sensory  neurone  system,  as  follows: 

1.  The  Peripheral  Processes. — (a)  The  sensory  nerve  endings.  Changes 
of  a  degenerative  character  have  been  described  in  the  sensory  nerve 
endings  of  the  skin,  joints,  and  muscle.  Especially  well  marked  are 
lesions  of  the  (sensory)  muscle  spindles  which  are  almost  constantly 
present. 

(5)  The  peripheral  nerves.  Degenerations  of  the  peripheral  nerves 
are  common.  Like  similar  conditions  due  to  toxic  agents,  they  are  usu- 
ally referred  to  as  a  neuritis.  The  changes  in  both  axones  and  medullary 
sheaths  are,  however,  degenerative  in  character  and  similar  to  those  of 
a  Wallerian  degeneration.  The  lesion  is  confined  wholly  to  the  sensory 
fibres,  the  motor  fibres  remaining  intact.  It  is  usually  most  pronounced 
in  the  smaller  peripheral  branches  of  the  nerves.  Degeneration  of  the 
optic  nerve — so-called  optic  neuritis — occurs  in  from  ten  to  twenty  per 
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cent,  of  cases.  Degeneration  of  the  auditory  nerve  and  of  the  sensory 
fibres  of  the  pneumogastric,  glosso-pharyngeal,  and  trigeminus  is  of 
less  frequent  occurrence. 

2.  The  Cell  Bodies. — Marked  degenerative  changes  in  the  cells  of  the 
spinal  and  analogous  cranial  ganglia  have  been  described.  In  a  number 
of  cases  they  have  been  found  early  in  the  disease.  There  is  a  reduction 
both  in  number  and  in  size  of  the  ganglion  cells,  with  a  replacement 
connective-tissue  hyperplasia.  Chromatolysis  with  nuclear  eccentricity 
as  demonstrated  by  the  method  of  Nissl  has  also  been  observed.  Similar 
changes  have  been  noted  in  the  nerve  cells  of  the  retina.^ 

3.  The  Central  Processes, — (a)  The  sensory  nerve  roots,  consisting  as 
they  do  of  the  central  processes  of  the  spinal  ganglion  cells,  show  more 
or  less  complete  degeneration.  It  is,  in  fact,  in  this  part  of  the  neurone 
that  the  earliest  and  most  conspicuous  changes  are  usually  found.  The 
extent  and  location  of  the  degeneration  vary.  In  the  more  common 
type  of  the  disease — lumbar  tabes — the  earliest  lesions  appear  in  the 
posterior  roots  of  the  lumbar  nerves.  Only  a  few  of  the  roots  are  at  first 
affected,  and  only  some  of  the  fibres  in  these  roots.  With  the  progress 
of  the  disease  more  fibres  are  involved  and  the  degeneration  extends 
downward  to  the  sacral  roots  and  upward  to  those  of  the  dorsal  and  cer- 
vical nerves.  In  specimens  stained  by  Weigert's  method  the  con- 
trast between  the  darkly  stained  anterior  root  fibres  and  the  almost 
unstained  posterior  root  fibres  is  often  marked. 

(6)  The  spinal  cord.  On  removing  the  cord  in  a  case  of  advanced 
tabes,  certain  changes  are  usually  apparent  to  the  naked  eye.  The  pia 
mater  between  the  two  posterior  horns  is  apt  to  be  thickened,  of  a  dull 
appearance,  and  adherent  to  the  cord.  This,  in  contrast  to  the  normal 
condition  of  the  rest  of  the  pia,  gives  the  effect  of  a  narrow  band  ex- 
tending the  length  of  the  cord.  The  posterior  columns  may  be  depre^. 
of  a  grayish  color,  and  firmer  than  the  rest  of  the  cord.  On  section  the 
contrast  between  the  posterior  columns  and  the  rest  of  the  white  matter 
of  the  cord  is  often  very  distinct.  In  cords  removed  from  cases  dying 
during  the  earlier  stages  of  the  disease  there  are  often  no  macroscopic 
lesions. 

The  microscopic  appearances  vary,  depending  on  the  stage,  extent, 
and  location  of  the  lesion  (Fig.  664) . 

In  a  case  which  comes  to  autopsy  early  in  the  disease  the  appearance 
of  the  lesion  differs  from  that  in  a  case  of  advanced  tabes.  As  already 
noted,  the  most  marked  changes  are  in  the  posterior  columns.  In  the 
more  common  type  of  the  disease  in  which  the  degeneration  begins  in 
the  lumbar  region,  sections  of  the  cord  at  this  level  show  certain  quite 
well-defined  areas  of  degeneration.  The  zone  of  Lissauer  early  shows 
marked  degenerative  changes.  This  zone  extends  across  the  entering 
fibres  of  the  posterior  root  which  divide  the  zone  into  two  parts.  The  de- 
generation of  the  outer  part  has  been  wrongly  described  by  some  writers 
as  a  lateral-column  degeneration.     It  will  be  remembered  that  these 

^  In  Plate  XIII.,  7,  is  seen  a  portion  of  a  spinal  ganglion  from  a  case  of  advanced  tabes.  In  additJoB 
to  a  degeneration  of  the  cells  present,  there  was  a  marked  reduction  in  the  number  of  celb  in  the  i 
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fibres  are  short  fibres  which  have  entered  the  cord  in  the  nearest  posterior 
root.  Degeneration  usually  appears  early  in  that  part  of  the  column  of 
Burdach  which  borders  the  posterior  horn.  The  column  of  Goll  varies 
as  to  the  extent  of  involvement.  In  many  cases  it  is  only  slightly  af- 
fected, in  others  the  degeneration  is  marked.  As  the  fibres  of  this  column 
come  mainly  from  the  last  lumbar  and  first  two  sacral  segments,  it 
is  seen  that  its  condition  depends  entirely  upon  the  integrity  of  these 
roots.  The  fibres  of  the  posterior  columns  have  two  sources:  (1)  enter- 
ing fibres  of  the  posterior  roots;  (2)  fibres  from  cells  in  the  gray  matter 


of  the  cord.  The  latter  are  situated  mainly  in  a  narrow  strip  behind  the 
posterior  commissure  and  in  the  median  oval  area  of  Flechsig.  These 
fibres  are  unaffected  in  tabes. 

The  degenerations  seen  in  sections  of  the  dorsal  and  cervical  cord 
in  lumbar  tabes  are  dependent  upon  an  ascending  degeneration  of  the 
fibres  affected  below.  The  columns  of  Goll  are  thus  usually  affected, 
while  the  columns  of  Burdach  are  often  only  slightly  involved.  If  at 
any  level  of  the  cord  degenerated  root  fibres  enter  the  cord,  there  results 
a  degeneration  in  the  zone  of  Lissauer  and  in  the  band  of  fibres  lying 
along  the  posterior  horn  at  that  level. 

Rarely  the  tabetic  process  begins  in  the  cervical  region.  In  these 
cases  section  of  the  cervical  cord  shows  not  only  normal  endogenous 
fibres,  but  a  normal  condition  of  the  column  of  Goll  and  of  such  part  of 
the  column  of  Burclach  as  oripnatod  below  the  level  of  the  lesion.  Some- 
times the  dorsal  roots  are  affected  with  the  cervical.  In  cervical  tabes 
the  cord  below  the  affected  region  is  normal,  while  above  is  the  lesion  of 
an  ascending  degeneration.  The  lesion  may  in  any  case  be  asymmetrical, 
one  root  of  a  segment  being  affected  while  the  other  remains  normal. 
Marie  describes  a  variety  of  tabes  in  which  the  lesions  begin  in  the 
cranial  nerves. 
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In  cases  of  advanced  tabes  (Fig.  665)  there  are  often  almost  no  nor- 
mal nerve  fibres  in  the  posterior  coliimns;  the  columns  of  Goll,  of  Bur- 
dach,  and  of  Lissauer  presenting  little  but  dense  fibrous  tissue.    The 
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posterior  fissure  may  be  completely  obliterated.  There  usually  remain, 
however,  even  in  advanced  tabes,  undegenerated  fibres  bordering  the  pos- 
terior commissure  and  the  adjacent  parts  of  the  posterior  horns.    Tbe 


re  fibm;  d,  atrophied  aem  Sbna. 


median  area  of  Flechsig  also  remains  intact.    As  already  noted,  these 
fibres  are  endogenous. 

The  microscopical  appearance  of  the  degenerated  areas  varies  with  tbe 
stage  of  the  process  (Fig.  G66).     The  new  connective  tissue  may  beat 
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first  quite  cellular;  later  the  fibrillar  elements  predominate  and  the 
tissue  becomes  dense  and  firm.  Of  the  nerve  roots  some  have  disap- 
peared, others  show  degeneration  of  their  medullary  sheaths  and  axis 
cylinders.  Some  few  normal  fibres  are  usually  present  even  in  advanced 
sclerosis.  The  blood-vessels  often  have  thickened  walls.  There  may  be 
corpora  amylacea  and  fat  globules,  the  latter  either  free  or  collected  in 
cells. 

The  lesion  of  tabes  is  not,  however,  confined  to  the  posterior  columns. 
The  fibers  of  these  columns  are  constantly  sending  collaterals  and  termi- 
nals into  the  gray  matter.  Most  of  these  pass  into  the  posterior  horns, 
an  especially  well-marked  group  entering  Clarke's  cell  column.  The 
posterior  horns  are  therefore  usually  smaller  than  normal,  with  a  marked 
reduction  in  the  number  of  fibres  entering  them  from  the  posterior  col- 
umns, while  the  columns  of  Clarke  show  a  diminution  in  the  number  of 
delicate  fibrils  which  normally  surround  the  ganglion  cells. 

Changes  have  also  been  described  in  the  spinal  root  of  the  fifth  cranial 
nerve  and  in  the  fasciculus  solitarius  which  consists  of  afferent  fibres  of 
the  vagus  and  glosso-pharyngeal  nerves.  These  fibres  are  analogous  to 
those  of  the  posterior  columns,  and  the  changes  in  them  are  similar. 

Degenerations  of  a  secondary  character  may  occur  in  those  systems 
of  neurones  which  are  more  or  less  dependent  upon  the  peripheral  sen- 
sory neurone  system  for  their  impulses.     Thus  the  cells  of  Clarke's  col- 
umn may  be  affected,  with  resulting  degeneration  of  their  axones  which 
make  up  the  direct  cerebellar  tract.     This  degeneration  extends  through 
the  restiform  body  to  the  termination  of  the  tract  in  the  cerebellum. 
The  cells  of  the  gray  matter  whose  axones  form  Gowers'  tract  may  be 
degenerated  with  consequent  degeneration  of  the  fibres  of  this  tract. 
In  the  medulla  the  cells  of  the  nucleus  gracilis  and  nucleus  cuneatus 
may  be  affected,  thus  determining  an  ascending  degeneration  along  the 
tracts  followed  by  their  axones.     Similar  in  character  is  the  degeneration 
of  the  cells  of  the  anterior  horns  noted  by  Condol^on.     These  changes  in 
the  anterior-horn  cells  have  been  accepted  by  some  investigators  as  ex- 
planatory of  the  various  trophic  disturbances  which  so  frequently  occur 
during  the  course  of  tabes.     Similar  changes  have  been  found  in  the 
nuclei  of  two  of  the  motor  cranial  nerves,  the  oculomotor  and  the  hypo- 
glossal.    Others  ascribe  the  trophic  disturbances  to  a  peripheral  neuritis. 
Marie^  describes  a  case  interesting  in  this  connection,  in  which  there  was 
marked  hemiatrophy  of  the  tongue  with  distinct  changes  in  both  main 
And  accessory  nuclei  of  the  hypoglossal  nerve  on  the  same  side,  the  oppo- 
site nuclei  being  normal.     Oppenheimer  describes  a  similar  case  of  tabes 
with  laryngeal  crises  in  which  there  were  pronounced  degenerative 
changes  in  the  pneumogastric  nucleus  and  in  the  ascending  root  of  the 
glosso-pharyngeal.     Changes  have  been  described  in  the  cells  of  the  cere- 
bral cortex.     They  are  similar  to  those  found  in  dementia  paralytica, 
but  less  marked. 

Although  various  hypotheses  have  been  advanced  in  explanation  of  the  tabetic 
lesion,  and  especially  in  reference  to  the  fairly  constant  selection  of  certain  groups  of 
1  Marie^  loc,  dL,  p.  056. 
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neuronea,  doubt  still  exists  as  to  the  origin  and  eaaential  nature  of  the  process.  Evikr 
writers  look  upon  the  lesion  as  a  primary  sclerosis  of  the  posterior  columns,  probtbly 
of  vascular  origin.  Flechsig'  and  Trepinski*  describe  the  posterior  columns  aa  made 
up  of  several  distinct  systems  of  fibres,  each  system  distioguishable  from  the  othera 
by  its  period  of  ripening  or  tnyeliniiation.  They  assert  that  the  tabetic  proccsa 
aSecte  these  different  systems  successively.  As  the  systems  overlap  one  aoolher, 
this  would  explain  the  admixture  at  certain  stages  of  tabes  of  normal  and  abnomuJ 
fibres.  Present  knowledge  favors  the  view  that  tabes  is  a  primary  degeneration  d 
the  peripheral  sensory  system  of  neurones,  the  degeneration  affecting  the  entire  neu- 
rone, and  that  the  picture  presented  by  the  tabes  cord  varies  with  the  particular 
neurones  affected.  The  cell  bodies  of  these  neurones  are  in  the  spinal  ganglia  and  their 
cranial  analogues.  Thorough  examinations  of  spinal  ganglion  cells  have  as  yet  been 
made  in  too  few  cases  to  warrant  any  general  conclusions.  Degeneration  of  spinal 
ganglion  cells  in  tabes  has  been  reported  even  in  cases  dying  early  in  the  disease.    Such 


Fia.  007. — CovamD  Ststsm  Dubui. 
Showinc  d«ceDentk>D  and  Mlenaia  in  ths  oolunuu  of  GoU,  the  direct  and  the  craaMd  nrnwiiiU  lacB. 

and  the  direct  esnbellar  tnct 

degenerations  are  best  shown  by  the  method  of  NissI,  the  general  application  oltWhicli 
is  comparatively  recent.  Certain  it  is  that  a  degeneration  which  affects  both  peripbenl 
and  central  processes  of  the  neurone,  and  yet  is  most  pronounced  in  those  parts  of  tbe 
neurone  farthest  removed  from  its  nutritive  centre,  is  most  easily  explained  on  tbe 
basis  of  some  agent  affecting  the  general  metabolism  of  the  neurone.  A  majonIT 
of  the  cases  of  tabes  give  a  syphilitic  history,  and  in  a  very  large  percentage,  thou^  not 
all  of  the  cases,  a  Wassermann  or  luetin  reaction  can  be  obtained.  The  disease  a, 
therefore,  considered  at  present  to  be  of  s  parasyphihtic  nature. 

Combined  System  Degeneration — Ataxic  Paraplegia. — This  ia 
a  disease  of  uncertain  etiology,  in  which  there  are  degenerative  changes 
in  both  motor  and  sensory  neurone  systems  (Fig,  667).  The  tracts  usu- 
ally involved  are  those  of  Burdach  and  of  GoU,  the  direct  cerebdlar 
tracts,  and  the  crossed  pyramidal  tracts.  Less  commonly  the  degenera- 
tion extends  to  the  tracts  of  Gowers  and  to  the  direct  p>Tamidal  tracts. 
It  seems  probable  that  the  lesion  in  the  cord  is  not  alwaj's  the  expression 
of  the  same  pathological  process,  and  that  in  many  cases  it  is  not  the 
result  of  a  true  systemic  degeneration.     In  perhaps  the  minority  of  cases 

■  Flithtif.  "Die  LeitiinaabBhnen  iin  Gehim  und  Rackennuik,"  Leipeie,  1S7S.  "tit  dii  Tttm 
Dore»la  eUiB  Syslem-Erkranltungf     Neur.  CenU.  Bd.  ix. 

<  Trrpiruki,  "Die  embiyoaBtea  FaMnyitsme  in  doi  Hintantiftsseo  uad  ihre 
derTaba  Donnlia,"  Arch.  f.  Peyoh.  und  Nerv..  Bd.  xxz.,  I89T. 
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the  lesion  corresponds  to  the  tract  systems  of  the  cord  and  probably 
represents  a  combined  sensory-motor  degeneration.  Such  are  those  rare 
cases  in  which  the  degeneration  affects  all  of  the  above-mentioned  tracts. 

According  to  Dejerine,  the  appearance  of  a  combined  system  disease  may  be 
induced  by  the  chronic  meningitis,  which  exists  over  the  posterior  colunms  in  tabes, 
extending  forward  over  the  direct  cerebellar  tract,  the  productive  inflammation  finally 
spreading  to  this  tract  and  to  the  crossed  pyramidal.  In  these  cases  that  part  of  the 
latter  tract  which  lies  deepest,  i.e.,  close  to  the  gray  matter,  usually  remains  unin- 
volved.  Marie  lays  particular  stress  upon  the  arterial  systems  of  the  cord  as  the 
prime  factor  in  many  cases,  calling  attention  to  the  fact  that  the  lesion,  as  it  is  most 
commonly  foimd,  coincides  almost  exactly  with  the  distribution  of  the  posterior 
spinal  arteries.  By  others  the  lesion  is  ascribed  to  a  multiple  sclerosis,  the  restriction 
of  the  degeneration  to  definite  tracts  being  only  apparent.  It  is  possible  that  in  some 
cases  the  pathological  picture  of  a  combined  sclerosis  may  be  due  to  secondary 
degeneration  following  myelitis. 

A  subacute  t3rpe  of  combined  system  degeneration  has  been  described  by  Russell.* 
The  degeneratipn  involved  the  same  tracts  affected  in  the  more  chronic  type,  and  was 
often  very  extensive  at  some  levels  of  the  cords  studied,  there  being  only  a  thin  layer 
of  normal  fibres  covering  the  gray  matter. 

Under  the  name  of  diffuse  degeneration  of  the  spinal  cord,  Putnam  and  Taylor' 
describe  a  somewhat  similar  condition,  leaving  open  the  question  as  to  the  systemic 
nature  of  the  process. 

Friedreich's  Ataxia.     (Hereditary  Ataxia), 

This  disease,  while  often  referred  to  as  hereditary  ataxia,  has  more  of 
a  family  than  of  a  distinctly  hereditary  character.  Its  pathology  is 
marked  by  a  decrease  in  the  size  of  the  spinal  cord,  the  diameter  of  which 
is  often  not  more  than  three-quarters  that  of  the  normal  cord.  Degen- 
eration of  the  columns  of  GoU  is  usually  quite  complete.  Less  marked 
degeneration  is  found  in  the  columns  of  Burdach,  in  the  direct  cerebellar 
and  in  the  crossed  pyramidal  tracts.  The  marginal  tract  of  Lissauer  may 
or  may  not  be  affected.  In  the  posterior  horns  and  in  the  columns  of 
Clarke  the  condition  resembles  that  in  tabes.  There  may  be  atrophy  of 
the  cerebellum. 

Marie  notes  in  addition,  atrophy  and  disappearance  of  the  cells  of  Clarke's  column. 
Blocq  and  Marinesco'  describe  degeneration  of  the  posterior  root  fibres  similar  to  that 
found  in  tabes.  Friedreich^  and  Rutimeyer'  find  atrophy  of  the  anterior  horn  cells 
The  determining  cause  of  the  disease  and  the  nature  of  the  morbid  process  are  as  yet 
undetermined.  It  seems  probable  that  the  condition  of  the  cord  may  be  more  prop- 
erly considered  an  abnormality  of  development  rather  than  a  degeneration. 

Cerebellar  Ataxia. 

Atrophy  of  the  cerebellum  was  noted  as  sometimes  occurring  in  Fried- 
reich's ataxia.     In  that  disease,  however,  the  cord  lesion  was  most 

1  RuaseUt  Batten^  and  Collier,  Brain,  vol.  xxiii.,  p.  39,  1900. 

*  Putnam  and  Taylor,  Journal  of  Nerv.  and  Ment.  Disease,  voL  xxviii,  pp.  1  and  74,  1901 

*  Blocq,  P.,  and  Marxnetco,  O.,  "Sur  I'Anatomie  Pathologique  de  la  Maladie  de  Friedreich,'*' 
Compte  rend.  Soc.  de  Biol.,  1890. 

*  Friedreich,  N.,  Virchow's  Arehiv,  Bd.  Ixxxvi.,  1881. 
*RiUimeyer,  L.,  Virchow's  Arehiv,  Bd.  ex.,  1887. 
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marked.  In  cerebellar  ataxia  the  lesion  of  the  cord  is  slight  or  absent, 
the  chief  lesion  being  an  atrophy  of  the  cerebellum.  This  atrophy  is 
accompanied  by  little  or  no  sclerosis,  the  organ  being  simply  smaller 
than  normal. 


nVFLAlOiATION. 

Inflammation  of  the  Brain.     (Encephalitis.) 

Acute  Encephalitis. — Inflammatory  processes  in  the  nervous  system, 
whether  of  ah  exudative  or  of  a  productive  type,  are  frequently  consecu- 
tive to  or  coincident  with  the  more  severe  forms  of  degeneration  or  other 
lesions,  thus  making  diflferentiation  of  the  processes  often  extremely  dif- 
ficult. It  has  been  already  mentioned  that  the  brain  tissue  about  haemor- 
rhages and  areas  of  embolic  and  thrombotic  softening  may  undergo  in- 
flammatory changes  leading  to  the  formation  of  new  connective  tissue. 
There  is  a  class  of  cases  in  which  localized  areas  of  the  brain  undergo 
softening,  with  more  or  less  extravasation  of  red  and  white  blood  cells 
and  hyperaemia,  so  that  the  softened  material  consists,  as  seen  under  the 
microscope,  of  detritus  of  brain  tissue  in  a  condition  of  fatty  degenera- 
tion, often  with  more  or  less  pus  cells  and  pigment.  When  such  areas  are 
red  in  color  from  intermingled  blood  cells  or  pigment,  the  condition  is 
called  red  inflammatory  sojtening.  When  fatty  degeneration  prevails,  and 
the  red  blood  cells  or  their  derivatives  are  not  abundant,  the  softened 
area  looks  yellow  or  yellowish-white,  and  this  is  often  called  yellow  in- 
flammatory sojtening.  The  origin  of  these  processes  is  very  obscure  and 
their  inflammatory  nature  not  well  defined. 

Abscess  of  the  Brain. — Small  multiple  abscesses  of  the  brain  may 
occur  in  pyaemia.  Large  abscesses  of  the  brain  are  usually  single;  they 
may  attain  a  large  size.  They  are  most  frequent  in  the  cerebral  and 
cerebellar  hemisphere,  rare  in  the  basal  ganglia,  the  pons,  and  the 
medulla  oblongata. 

There  may  be  an  irregular  cavity  containing  thin  pus  and  softened 
brain  tissue.  The  walls  of  the  cavity  are  ragged  and  infiltrated  with 
pus,  and  outside  of  the  walls  is  a  zone  of  (Edematous  and  softened  brain 
tissue.  If  the  abscess  be  near  the  pia  mater,  meningitis  may  follow;  if 
it  be  near  the  lateral  ventricles,  it  may  rupture  into  them;  if  it  be  near 
the  sinuses  of  the  dura  mater,  it  may  induce  thrombosis,  An  abscess 
may  in  time  become  enclosed  in  a  capsule  of  connective  tissue. 

Abscess  of  the  brain  is  most  frequently  secondary  to  chronic  suppu- 
rative otitis  (42.5  per  cent.,  Gowers),  much  less  frequently  to  acute  otitis. 
With  the  otitis  there  may  also  be  caries  of  the  temporal  bone,  suppura- 
tion of  the  mastoid  cells,  and  inflammation  of  the  dura  mater.  The 
abscess  is  usually  situated  deep  in  the  brain,  commonly  in  the  temporo- 
sphenoidal,  the  frontal,  the  occipital  or  the  parietal  lobes,  or  in  the 
cerebellum;  rarely  it  is  continuous  with  the  inflamed  dura  mater  and 
bone.  Abscess  may  follow  chronic  lesions  in  the  orbit  or  caries  of  vari- 
ous parts  of  the  cranial  bones. 


THE    NERVOUS   SYSTEM  965 

Abscess  of  the  brain  frequently  follows  traumatism,  blows,  or  falls 
on  the  head.  Such  injuries  may  not  damage  the  skull,  or  may  produce 
fractures  or  necrosis.  There  is  often  a  considerable  interval  between 
the  time  when  the  injury  is  inflicted  and  the  development  of  the  symp- 
toms. 

When  the  cranial  bones  are  uninjured  the  abscess  is  usually  deep  in 
the  brain;  when  there  is  necrosis  of  the  bones  the  abscess  may  be  super- 
ficial; when  the  bones  are  fractured  the  abscess  may  be  either  superficial 
or  deep.     The  abscess  develops  rarely  in  the  opposite  side  of  the  brain. 

In  acute  exudative  meningitis  from  various  excitants  there  may  be  an 
infiltration  of  the  brain  with  leucocytes;  this  may  be  especially  marked 
in  the  perivascular  tissue  and  around  the  ganglion  cells. 

An  Acute  Disseminated  Encephalitis/  hsematogenous  in  character,  may 
develop  during  the  progress  of  an  infectious  disease.  It  is  most  com- 
mon in  infective  endocarditis,  in  pyaemia,  and  in  epidemic  cerebro-spinal 
meningitis.  It  may  be  associated  with  acute  anteropoliomyelitis,  ap- 
parently due  to  the  same  obscure  etiological  factor.  The  lesion  consists 
of  disseminated  foci  of  inflammation,  or  minute  multiple  abscesses. 
Some  of  these  are  microscopic  in  size,  others  may  be  seen  with  the  naked 
eye.  The  smallest  show  simply  small-round-cell  infiltration  of  the  walls 
of  one  or  more  small  vessels  and  of  the  surrounding  tissue.  The  larger 
spots,  which  undoubtedly  take  origin  in  the  same  way,  are  seen  to  be 
softer  than  the  rest  of  the  tissue,  and  resemble  red  or  yellow  softening, 
according  to  the  amount  of  red-blood-cell  extravasation.  Congestion  is 
usually  marked.  There  may  be  distinct  haemorrhages.  Degenerative 
changes  with  disintegration  of  the  exudate  usually  set  in  and  determine 
destructive  changes  in  the  neighboring  neurone  and  neuroglia  elements. 
At  the  periphery  of  one  of  these  abscesses  the  neuroglia,  instead  of  being 
in  a  degenerating  condition,  usually  shows  proliferation.  The  more 
minute  inflammatory  foci  may  undergo  complete  resolution  with  absorp- 
tion of  the  exudate.  In  the  larger  abscesses  there  may  be  absorption  of 
the  exudate  and  of  the  products  of  degeneration,  and  a  replacement  neu- 
roglia hyperplasia,  ultimately  resulting  in  a  sclerotic  patch. 

Suppurative  encephalitis  may  occur  as  a  result  of  traumatism  or  from 
extension  of  suppurative  meningitis. 

A  form  of  encephalitis  which  has  been  designated  acute  non-suppu- 
rative  hsemorrhagic  encephalitis,  has  been  described  by  Striimpell,  Leich- 
tenstein,  Oppenheim,  Putnam,^  and  others.  The  lesion  consists  in  the 
occurrence  of  multiple  haemorrhagic,  inflammatory  foci,  which  are  non- 
suppurative, and  which  are  accompanied  by  leucocjrtic  infiltration.  These 
foci  may  occur  in  any  part  of  the  brain,  but  are  most  numerous  in  the 
white  matter  of  the  brain  and  basal  ganglia.  Some  of  these  haemorrhages 
may  be  quite  large. 

1  Under  the  head  of  "Acute  Parenchymatous  Encephalitis"  has  been  described  a  lesion  of  the 
cangUon  cells  without  vascular  or  interstitial  changes.  These  lesions  are  the  result  of  toxemias  of 
either  endogenous  or  exogenous  nature.  They  are  more  properly  classed  as  parenchymatous  degenera- 
tion. 

*  Putnam,  Jour,  of  Nerv.  and  Ment.  Dis.,  vol.  xxiv.,  1897,  bibliography. 
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Acute  Inflammation  op  the  Spinal  Cord.     (Acute  Myelitis,) 

Inflammation  in  the  spinal  cord  is  quite  analogous  to  inflammation 
in  the  brain. 

Acute  Disseminated  Myelitis^  runs  a  rapid  course  and  proves  fatal  in  a 
short  time.  The  inflammation  may  involve  nearly  the  whole  length  of 
the  cord,  but  is  usually  more  intense  in  some  places  than  in  others.  The 
cord  is  swollen  and  congested,  it  is  infiltrated  with  pus  cells,  the  connec- 
tive tissue  is  swollen,  and  there  is  degeneration  of  the  nerve  elements 
proper. 

More  frequently  an  acute  myelitis  is  localized.  It  involves  but 
a  small  portion  of  the  length  of  the  cord,  while  laterally  it  may  com- 
pletely cross  it,  and  is  hence  spoken  of  as  a  transverse  myelitis.  When 
the  cord  is  removed  and  laid  upon  the  table,  if  the  lesion  is  marked,  a 

flattening  of  the  cord  at  its  seat  may 
be  observed;  or  on  passing  the  finger 
gently  along  the  organ,  the  affected 
segment  will  be  found  softer  than  the 
rest  of  the  cord,  sometimes  almost 
difiluent.  On  making  a  section  through 
the  affected  portion  the  nerve  tissue 
may  appear  white  or  red  or  yellowish 
or  grayish.' 

Microscopical  examination  shows 
different  appearances,  depending  upon 
the  stage  of  the  degenerative  or  in- 
flammatory process.  There  may  be 
much  blood,  or,  if  the  lesion  has  existed  for  some  time,  blood  pig- 
ments; also  fragments  of  more  or  less  degenerated  nerve  fibres  and 
ganglion  cells  (Fig.  668),  myelin  droplets,  free  fat  granules,  larger  and 
smaller  cells  filled  with  fat  granules  (Gluge's.  corpuscles),  pus  cells, 
granular  matter,  neuroglia  cells,  and  sometimes  corpora  amylacea.  The 
various  proportions  of  these  elements  give  rise  to  the  different  gross 
appearances  which  the  diseased  part  presents.  In  earlier  stages  of  the 
lesion  the  blood-vessels  may  be  dilated,  the  nerve  fibres  and  cells  swollen; 
or  the  walls  of  the  blood-vessels  may  be  thickened  or  fatty,  or  surrounded 
by  a  sheath  of  leucocytes  and  cells  derived  from  the  connective-tissue 
cells  of  the  adventitia. 

The  lesion  is  apt  to  commence  in  the  gray  matter  or  at  its  edge,  and 
then  extend  first  laterally  and  afterward  upward  and  downward. 

In  a  certain  number  of  cases  the  degenerated  material  may  be 


Fio.  668. — Dbobnbratbd  Tissue  fbom 
Acutb  Mtbutis. 


^  Acute  parenchymatous  myelitis,  like  its  analogue  in  the  brain,  is  a  lesion  of  the  gani^ioB 
and  is  more  properiy  classed  as  a  degeneration.  EmboUc  and  thrombotic  softenings  are  more  nn 
in  the  cord  than  in  the  bra.in,  and  are  necessarily  much  more  restricted  in  extent.  What  of  an  inflam* 
matory  character  they  resemble  the  similar  brain  lesion  and  are  red  or  yellow  according  to  the  aaonst 
of  extravasation. 

'  It  should  be  remembered  that  the  mechanical  injury  to  the  cord  in  removal,  such  as  cmshiag  or 
bruising,  may  reduce  the  injured  portion  to  a  pulpy  consistence  and  thus  produce  appearances  sooe* 
what  similar  to  ihoee  of  some  forms  of  inflammatory  softening.  See  reference  to  Van  Giemn,  oo  " Artt- 
facts  of  the  Nervous  System,"  p.  928. 
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absorbed  and  a  cicatrix  or  cyst  formed.  After  the  least  extensive  forms 
of  the  lesion  there  may  be  a  restoration  of  the  functions  of  the  cord. 

Secondary  degeneration,  both  ascending  and  descending,  may  occur 
in  this  form  of  myelitis,  varying  in  extent  according  to  the  size  of  the 
primary  lesion.  The  terms  central  myelitis,  peripheral  myelitis,  and  uni- 
lateral myelitis,  are  sometimes  used  to  designate  localizations  of  the  lesion. 

PoUomyelitls  Anterior — Myelitis  of  the  Anterior  Horn. — This  name  is 
applied  to  a  group  of  cases  which  are  characterized  by  clinical  symptoms 
indicating  changes  in  the  anterior  horns.  The  disease  is  most  common 
in  children,  under  the  name  of  infantile  spinal  paralysis,  but  occurs  also 


A,  Normal  (anclion  «11a  Bumimded  by  nerve  fibm;  B,  dcaenenbid  gui«1ioii  cella;  C,  inwulsi 


in  adults.  It  usually  begins  with  symptoms  of  an  acute  infectious  dis- 
ease, the  paralysis  supervening  after  a  few  days.  It  varies  in  acuteness, 
severity,  and  duration.  In  many  cases  there  is  complete  recovery,  and 
then  we  must  suppose  that  the  changes  in  the  nervous  tissue  were  not 
destructive  in  character.  In  other  cases  the  symptoms  are  more  perma- 
nent, indicating  a  destructive  lesion. 

At  first  a  considerable  group  of  muscles,  usually  of  the  arms  or  legs, 
is  affected.  Resolution  taking  place,  there  may  be  complete  disappear- 
ance of  the  paralysis.  More  commonly  there  is  return  of  function  in 
most  of  the  muscles,  while  some  few  remain  permanently  paralyzed  and 
become  atrophied.  The  lesion  is  most  frequent  in  the  lumbar  and  cer- 
vical enlargements,  but  may  occur  anywhere,  and  is  often  found  in 
scattered  patches.  Earlier  autopsies  were  in  cases  of  long  standing, 
and  the  changes  found  consisted  in  degeneration  (Fig.  669),  shrinkage, 
pigmentation,  and  atrophy  of  the  ganglion  cells  of  the  anterior  horns,  an 
increase  in  the  connective  tissue  of  the  cornua  and  of  the  adjacent  white 
matter,  often  with  destruction  of  considerable  portions  of  the  horns, 
atrophy  of  the  anterior  roots,  and  distortion  of  the  cord. 
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Instead  of  this  shrinkage  and  atrophy  of  the  horns  there  is  Bometimes 
found,  especially  if  the  case  come  to  autopsy  not  too  long  after  the  onaet, 
a  gelatinous  condition  of  the  home,  the  place  of  the  horns  being  occupied 
by  young  neuroglia  tissue  with  many  branching  cells  and  fine  delicate 
fibrils  resembling  glioma  (Fig.  670).     This  gliomatous  tissue  may  break 


gliDsutoua  tbsua  in  both  boms,  with  cuvity  fonutisa  a 
one  of  them. 

down,  forming  a  cavity  surrounded  by  young  neuroglia  tissue.  More 
recently  autopsies  made  early  in  the  course  of  the  disease  show  that  the 
changes  described  above  represent  only  later  stages  of  what  originated 
as  an  acute  inflammatory  process.     Examination  of  the  cords  from 


Fio.  07IA.— PittiviscnLAB  Isfiltb^tion    im  Cord  is  Cask  of  AcDix  Antibioh  Pouomii-t* 
Preparation  or  Do.  Siuo.v  Flexheb. 

such  early  cases  shows  congestion,  cedema,  the  presence  of  mono- 
nuclear cells  in  the  perivascular  and  nerve-cell  spaces,  and  proliferation 
of  the  neuroglia.  Degeneration  of  the  nerve  cells  occurs,  probably 
secondary  to  the  inflammatory  lesion.  The  inflammation  is  similar 
to  that  of  an  ordinary  acute  myelitis,  but  is  usually  confined  largely  to 
the  area  of  distribution  of  the  anterior  spinal  artery.     The  brain,  the 
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poeterior  root  fibres,  and  the  epinal  ganglia  may  be  involved  in  the 
exudative  process.  It  is  an  acute  infectious  communicable  disease, 
whose  infective  agent  has  probably  been  isolated  and  concerning  which 
much  knowledge  has  recently  been  gained  through  experimental  studies. 
(See  page  299).' 


SiuoM  Flexkcb. 


Acute  Ascending  Paralysis — Landry's  Paralyds. — This  is  a  rare  disease 
characterized  clinically  by  a  rapidly  ascending  paralysis,  beginning  in  the 
lower  extremities  and  progressing  upward  to  involve  the  body,  arms, 

and  head.  Recently  a  number  of  cases  have  been  reported  in  which  the 
leaion  was  an  acute  myelitis  .with  or 
without  an  accompanying  polyneuritis, 
and  congestion,  hjemorrhages,  and  cir- 
cumvascular  in  filtration  (Fig.  673), 
the  ganglion  cells  being  in  various  stages 
of  degeneration.^  A  great  variety  of 
parasites  have  been  isolated  from  the 
lesions,  including  streptococcus,  an- 
thrax and  tubercle  bacilli,  and  an 
organism  of  the  Friedlander  type. 


Fio,    072,— Oboilhisii    Iboi-ited    fbou  Fia.  673.— Lihdbt's  pAKjtLTaia. 

Acnn;  Pouohteuth  XT  Noodchi.     Po»i-  Showing  .cut*    LnHammatory    proccu 

BLTTHS  iNciTiHa  AoiNT  OF  THS  DiBBABB.  about  blood-veB»b,  with  IsucocytoBin  the 

walla. 

>  For  rtmmt  of  recent  studies  on  BcutE  poliomyelitis  see  Sirattii  and  FUxner.  PediBtria,  ISIO. 
Aus.  See  bIk>  numerous  notes  by  FUxner  and  Levrii  in  tbe  Jour.  Amer.  Med.  .^un.,  190B.  liii.  and 
leiO.  liv  and  It.  For  cullivHtian  o[  organism  see  FUmer  and  Nvmchi.  Jour.  Exper.  Med..  1913, 
zriii.  461.  For  a  study  of  the  possibility  of  the  Iraniler  of  tbe  vinu  by  tbe  stable  By  (Stomoiyi  cal- 
dtraiu)  see  Aoitnou.  Jour.  Amer.  Med.  Assa..  1012.  Lii,  1314. 

>  For  [urtbcr  details  kd  Bailiy  and  Eving.  N.  Y.  .Med.  Jour.,  1S9S.  July;  Cramer,  Centrslbl.  t. 
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Inflammation  op  the  Nerves.     (Neuritis.) 

In  the  nerves,  as  in  the  brain  and  cord,  degenerative  changes  commonly  accompany 
inflammation,  and  a  distinction  is  often  difficult.  The  difficulty  in  sharp  differentia- 
tion lies  in  the  fact  that  degenerative  changes  in  nerves,  when  intense  or  long  continued, 
often  lead  to  inflammations,  and  that  inflammatory  conditions  in  nerves  often  deter- 
mine secondary  degenerative  changes  in  the  nerve  fibres. 

Acute  Exudative  Neuritis. — Acute  inflammation  of  the  nerves  may 
occur  as  the  result  of  injury,  or  it  may  be  secondary  to  an  inflammatory 
process  in  their  vicinity,  although,  owing  to  the  dense  lamellar  sheaths 
and  the  special  blood  supply,  the  nerve  trunks  may  escape  participation 
even  in  very  severe  inflammatory  processes  in  surrounding  tissues.  The 
inflamed  nerve  may  be  red  and  swollen  and  inflltrated  with  serum  and 
pus  cells.  The  process  may  undergo  resolution  or  terminate  in  destruc- 
tion of  the  nerve,  or  it  may  become  chronic  and  result  in  the  formation 
of  new  connective  tissue.  Degeneration  and  regeneration  of  the  nerve 
fibres,  similar  to  those  described  as  following  division  of  nerve  trunks, 
may  occur  in  acute  neuritis. 

^Vuitiple  Neiiritis"  (Degeneration). — While  for  convenience  of  refer- 
ence described  under  its  usual  title,  this  lesion  is  probably  always  a  degen- 
eration, and  would  be  properly  classified  under  the  head  of  neurone 
degenerations  of  toxic  origin.  It  is  caused  by  the  action  of  certain  min- 
eral poisons,  for  example,  alcohol  and  lead.  It  occurs  as  a  complication 
of,  or  succedaneum  to,  certain  infectious  diseases,  for  example,  diph- 
theria, septicaemia,  measles,  smallpox,  etc.  It  is  sometimes  apparently 
idiopathic.  Changes  of  a  degenerative  nature  are  found  in  the  peripheral 
nerves,  and  are  more  marked  near  the  peripheral  than  near  the  cord. 


Fig.  674. — Dbobneration  of  Nerve  Fibres  in  Multiple  Neurttib. 

Fbom  a  case  of  alcohol  poisoning.     Specimen  stained  with  oemic  acid.    The  brokoi-down  medolbiy 

sheath  and  fat  droplets  are  stained  deep  black. 

Thus  the  most  common  nerves  affected  are  the  anterior  tibial  and  the 
radial.  The  most  marked  changes  are  in  the  nerves  themselves,  there 
being  little  or  no  change  in  the  connective  tissue.  More  rarely,  espe- 
cially in  very  acute  cases,  there  are  reddening  and  swelling  with  some 
inflammatory  reaction  in  the  interstitial  tissue.  The  fibre  lesion  shows 
best  in  specimens  treated  with  osmic  acid  and  teased  in  glycerin  (Fig. 
674).  Here  the  myelin  sheath  is  seen  to  be  broken  up,  and  instead  of  * 
continuous  envelope  of  black  stained  myelin,  the  myelin  is  represented 
by  larger  or  smaller  black  droplets  scattered  along  a  broken  or  degener- 
ated axis  cylinder.  There  may  be  some  increase  in  the  connective  tissue. 
The  sheath  of  Schwann  is  usually  intact.  It  is  of  interest  to  note  that  in 
a  number  of  cases  (as  yet  too  few  to  warrant  general  conclusions)  changes 
have  been  found  in  the  cells  of  the  anterior  horn  analogous  to  those 
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found  after  injury  to  motor  nerves.  The  muscles  supplied  by  the 
affected  nerves  show  various  stages  of  atrophy.  The  cord  and  meninges 
usually  remain  normal.  In  some  cases  a  spinal  meningitis  and  more  or 
less  myelitis  have  been  described. 

Chronic  Inflammation  of  the  Brain,  Cord,  and  Nerves. 

While  this  term  should  be  applied  only  to  a  primary  increase  in  the 
neuroglia  elements  at  the  expense  of  the  parenchymatous,  thus  making 
the  degeneration  of  the  nerve  tissue  proper  entirely  secondary,  it  is 
often  diflScult  to  eliminate  the  possibility  of  a  primary  degeneration  of 
the  nerve  cells.  Histologically  the  lesion  consists  in  a  proliferation  of  the 
neuroglia  elements.  The  neuroglia  cells  increase  in  number,  some  of  the 
new-formed  cells  having  many  processes,  others  few.  In  the  early  cellu- 
lar stage  of  its  formation  the  proliferative  area  is  soft  and  gelatinous, 
and  tends  to  increase  the  size  of  the  part.  With  further  progress  of  the 
sclerosis,  there  is  a  disproportionate  development  of  fibres  attached  to 
the  cells,  and  finally  of  fibres  independent  of  cells.  With  the  increase 
of  fibres  the  affected  area  becomes  firmer,  making  a  sort  of  dense  felt- 
work  of  interlacing  fibrils.  In  this  meshwork  are  found  nerve  fibres  in 
various  stages  of  degeneration. 

Chronic  Interstitial  Encephalitis — Sclerosis. — This  lesion  of  the  brain 
tissue  may  occur  diffusely  occupying  an  entire  lobe  or  more  or  less  of  the 
whole  brain,  or  in  circumscribed  small  areas.  It  consists  essentially  in 
an  increase  of  the  connective-tissue  elements,  the  neuroglia,  and  an 
atrophy  of  the  nerve  elements,  particularly  the  ganglion  cells  and  the 
medullary  sheaths  of  the  nerves.  With  these  changes  are  usually  asso- 
ciated the  formation  of  Gluge's  corpuscles,  corpora  amylacea,  granular 
and  fatty  degeneration  of  the  nerve  elements,  and  thickening  and  pro- 
liferation of  cells  of  the  walls  of  the  blood-vessels.  The  areas  of  sclerosis 
may  be  very  dense  and  hard,  or  gelatinous  in  consistence. 

The  diffuse  form  of  sclerosis  is  most  frequently  seen  in  general  pare- 
sis of  the  insane,  and  not  infrequently  in  the  brains  of  drunkards. 

A  peculiar  feature  of  disseminated  sclerosis  is  that  the  patches, 
whether  in  the  brain  or  cord,  do  not  induce  the  expected  secondary 
degeneration.  It  is,  in  fact,  uncommon  to  find  secondary  degeneration 
resulting  from  even  a  large  patch  of  sclerosis.  This  is  believed  to  be  due 
to  the  fact  that  in  nearly  all  of  the  patches  the  axis  cylinders  persist  even 
after  complete  destruction  of  the  medullary  sheaths. 

The  circumscribed  form  of  sclerosis,  multiple  sclerosis  (sclirose  en 
plaque),  is  much  more  common  than  the  diffuse  form,  and  may  occur 
in  the  brain  alone,  or  more  commonly  is  associated  with  a  similar  lesion 
in  the  spinal  cord.  The  areas  of  sclerosis  vary  in  size  from  that  of  a 
j>ea  to  that  of  an  almond.  They  may  be  few  or  numerous,  they  may 
be  white,  grayish,  or  grayish  red  in  color,  and  are  usually  but  not  always 
sharply  outlined  by  the  unaltered  brain  tissue.  Although  in  many 
ca43es  the  increase  in  the  connective-tissue  elements  seems  to  be  the 
primary  lesion,  and  the  degeneration  of  the  nerve  elements  secondary 
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to  this,  it  is  quite  possible  that  ia  some  cases  the  increase  in  connective 
tissue  may  be  secondary  to  a  degeneration  of  the  nerve  elements  from 
loss  of  nutrition  or  from  other  causes. 

There  is  reason  for  the  belief  that  multiple  sclerosis  may  sometimes 
be  the  result  of  disseminated  local  necrotic  lesions  of  acute  infectious 
diseases — scarlatina,  for  example,  occurring  at  an  early  period  of  life. 

Encephalitis  in  the  New-bom. 

This  condition,  first  described  by  Virchow,  is  said  to  consist  in  the  formation  of 
circumscribed  collections  of  cells  of  various  sizes  containing  many  fat  granules  (granu- 
lar corpuscles)  and  forming  yellowish  masses,  from  1  millimetre  to  6  millimetrps  in 
diameter,  in  the  brain  tissue.  A  more  diffuse  occurrence  of  granular  corpuscles  is 
also  described,  but  this  is  said  by  some  observers  to  be  physiological.  The  nature  of 
this  lesion  is  but  little  understood,  and  is  still  the  subject  of  controversy. 

LESIONS  OF  THE  BRAIN  IN  GENERAL  PARESIS  OF  THE  INSANE. 

The  changes  in  this  disease  are  in  the  main  those  of  chronic  diffuse 
encephalitis,  but  appearances  vary  greatly  and  depend  to  some  extent 
upon  whether  the  brain  is  examined  in  early  or  late  stages  of  the  disease. 
According  to  Meyer,  in  the  early  stages  of  the  disease  the  convolutions, 
particularly  of  the  anterior  cerebral  lobes,  are  swollen,  the  gray  matter 
is  congested  and  softened  in  places.  The  brain  tissue  is  more  or  less 
infiltrated  with  leucocytes.  Fatty  degeneration  of  the  walls  of  the 
capillaries,  and  punctate  haemorrhages,  are  also  common. 

In  later  stages  of  the  disease  a  great  variety  of  changes  may  be 
observed:  haemorrhagic  pachymeningitis,  thickening  of  the  dura  mater, 
and  close  adhesions  to  the  skull;  thickening  and  opacities  of  the  pia 
mater,  adhesions  of  the  latter  to  the  dura  mater  and  to  the  brain  tissue. 
The  brain  tissue  is  apt  to  be  atrophied,  is  often  very  soft,  and  the  ventri- 
cles are  dilated  and  filled  with  fluid.  The  pia  mater  may  be  oedematous, 
the  ependyma  thickened  and  roughened.  The  neuroglia  is  increased  in 
amount;  the  ganglion  cells  are  shrunken  and  sometimes  pigmented;  and 
the  nerve  fibers  may  be  atrophied.  The  blood  vessels  show  fatty  or 
hyaline  degeneration,  and  along  their  walls  there  may  be  an  accumulation 
of  fatty  and  granular  cells.  Secondary  degenerations  in  the  spinal  cord 
are  not  infrequently  observed.* 

In  1913  Noguchi^  recorded  the  finding  of  Treponema  pallidum  in 
twelve  out  of  seventy  specimens  of  paretic  brains,  thus  confirming  a  prev- 
alent conjecture  regarding  the  syphilitic  nature  of  such  cases.  These 
organisms  have  also  been  recently  demonstrated  in  the  blood. 

Chronic  Interstitial  Myelitis. — Under  this  heading  are  embraced  a 
variety  of  lesions  which  probably  differ  from  one  another  somewhat 
in  the  nature  of  the  changes  involved,  but  more  in  the  seat  of  the  disease. 
We  shall  consider  without  special  classification  the  most  important 
forms. 

*  It  18  unwise  to  make  positive  statements  regarding  many  brain  lesions  revealed  by  microsco- 
pical study,  because  technical  procedures  in  the  examination  even  of  normal  brains  are  stiU  oaMC 
factory  and  incomplete.  Brain  tissue  is  so  delicate  and  so  liable  to  post-mortem  changes,  and  tbr  ^- 
f  ects  of  preservative  agents  are  so  liable  to  variations,  that  great  caution  is  necessary  in  arrivinf  tx 
conclusions  regarding  the  minute  lesions  affecting  the  nerve  tissue. 

'  See  references  to  Noguchi  and  Moore  and  to  MoU,  footnote  p.  275. 
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Chronic  Transverse  Myelitis. — In  certain  cases  of  pressure  on  the 
Bpinal  cord  from  a  tumor  or  from  displacement  of  the  bones  of  the  verte- 
bral column,  etc.,  the  cord,  instead  of  becoming  softened  or  undergoing 
acute  inflammatory  changes,  becomes  the  seat  of  a  localized  formation 
of  new  connective  tissue  with  ponsecutive  atrophy  of  more  or  less  of  the 
nerve  elements  in  the  gray  and  white  matter.  The  cord  becomes  in  this 
way  harder,  and  sometimes  shrunken  at  the  seat  of  lesion,  and  gray  in 
color.  This  change  may  be  followed  by  ascending  and  descending 
degeneration. 

Chronic  Disseminated  Myelitis — Multiple  Sclerous. — This  lesion, 
similar  in  its  nature  to  multiple  sclerosis  of  the  brain,  often  occurs  with  it. 
It  consists  in  the  formation,  in  more  or  less  numerous  scattered,  circum- 
scribed areas,  of  new  connective  tissue,  apparently  derived  from  the 
neuroglia.  The  formation  of  new  connective  tissue  is  preceded  or  accom- 
panied by  degeneration  and  atrophy  of  the  nerve  fibres  and  ganglion 
cells.  The  new  connective  tissue  consists  of  the  characteristic  branching 
neuroglia  cells,  surrounded  by  a  more  or  less  dense  network  of  fine 
fibrilla>,  many,  if  not  most,  of  which  seem  to  be  branches  of  the  neuroglia 
cells.  Corpora  amylacea  and  sometimes  fat  droplets,  either  free  or  con- 
tained in  cells,  may  be  present  in  the  sclerosed  areas. 

The  areas  of  sclerosis  may  involve  both  gray  and  white  matter,  and 
may  be  very  small  or  large  (Fig.  675).     If  very  small  or  in  early  stages 


of  formation,  they  may  not  be  recognizable  by  the  naked  eye,  but  when 
visible  they  are  graybh,  translucent,  and  firmer  than  the  surrounding 
tissue,  and  may  or  may  not  present  a  depressed  surface;  they  sometimes 
project  above  the  general  level.  The  cause  of  this  as  of  all  other  forms 
of  so-called  idiopathic  interstitial  myelitis  is  very  obscure.  As  noted  in 
multiple  sclerosis  in  the  brain,  secondary  degenerations  are  rare,  and 
probably  for  the  reason  there  given. 

Chronic  InteraUtlal  ITeurltls. — This  is  essentially  a  chronic  interstitial 
inflammation  resulting  in  an  Increase  of  the  connective  tissue  in  the  nerve 
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sheaths  and  intrafaseicular  bands.  As  a  result  of  this  the  nerve  fibres 
undergo  atrophy  from  pressure;  the  medullary  sheaths  and  finally  the 
axis  cylinders  being  in  many  of  the  fibres  partially  or  completely  destroyed. 
Tic  Douloureux. — Changes  in  the  peripheral  branches  of  the  fifth 
cranial  nerve  removed  from  obstinate  cases  of  trifacial  neuralgia  have 
been  reported  in  a  considerable  number  of  cases.  These  changes  consist 
in  degeneration  of  the  axis  cylinders  and  of  their  medullary  sheaths.  Id 
a  smaller  number  of  instances  changes  have  been  reported  in  Gasserian 
ganglia  removed  from  such  cases.  The  changes  in  the  ganglia  consist  in 
atrophy  and  disappearance  of  the  nerve  cells  with  increase  in  the  con- 
nective-tissue elements.  A  peculiar  shrunken  condition  of  the  cell  in 
which  the  cell  retracts  to  one  side  of  its  cell  space  is  a  fairly  characteristic 
feature. 

TUBERCULOUS  LESIONS  DT  THE  NERVOUS  STSTEH. 

-Tuberculous  inflammation  whether  of  the  brain  or  cord  is  usually  sec- 
ondary to  tuberculous  inflammation  in  other  organs,  and  is  moat  frequeot 
as  an  extension  of  tuberculosis  of  the  meninges.     In  the  brain  aiibstance 


Fid.  STe. — Soltust  Toniacxa  or  Cebzhblldm. 

a.  a,  UilUiy  tubereka  with  lUnt  cellii:  b,  b,  miliary  tubcnln  wilhout  ciBiit  ceDa;  c.  diffng  abeceh 

tiaaue;  d,  eeotnU  cbeegy  maat;  a,  nervB  tiaiue  of  the  nrebeQuni. 

it  usually  manifests  itself  in  the  formation  of  circumscribed  masses  of 
new  tissue  from  0.5  to  1  centimetre  in  diameter,  or  larger.  These  may 
be  single  or  multiple,  are  most  common  in  young  persons,  and  very  fre- 
quently occur  in  the  cerebellum  (Fig.  676).     They  are  apt  to  occur  in 
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connection  with  tuberculous  inflammation  of  other  organs.  They  are 
frequently  solitary  tubercles,  each  consisting  of  a  dense  central  cheesy 
mass,  around  which  is  a  grayish  zone  containing  tubercle  granula, 
numerous  small  spheroidal  cells,  with  occasionally  larger  polyhedral  cells 
and  giant  cells.  They  do  not,  as  a  rule,  seem  to  be  formed  by  an  aggre- 
gation of  miliary  tubercles,  although  these  may  be  present  at  the  periph- 
ery. They  sometimes  suppurate  and  break  down,  and  then  they  simu- 
late simple  abscesses.  Tubercle  bacilli  have  been  found  in  these  solitary 
tubercles. 

Conglomerate  and  scattered  miliary  tubercles  of  the  ordinary  form 
sometimes  occur  in  the  brain,  usually  in  connection  with  tuberculous 
inflammation  of  the  meninges  or  ependyma. 

In  the  spinal  cord  solitary  nodules  may  determine  extensive  second- 
ary degenerations.  Multiple  tuberculous  foci  may  occur  in  the  cord. 
They  are  rare  and  usually  secondary  to  tuberculosis  of  the  spinal  meninges. 

Tuberculous  inflammation  of  nerves  is  rare  except  at  their  origins, 
where  it  is  due  to  an  extension  from  tuberculous  meninges.  When  a 
nerve  traverses  tuberculous  tissues,  it  may  be  involved  in  the  inflamma- 
tory process. 

SYPHILITIC  LESIONS  OF  THE  NERVOUS  SYSTEM. 

Syphilitic  lesions  of  the  nervous  system  i^ay  occur  in  either  the  inher- 
ited or  the  acquired  form  of  the  disease.  In  the  former  they  usually 
show  themselves  early  in  life,  though  cases  have  been  reported  after 
puberty.  Gasne  in  an  examination  of  twenty-six  foetuses  of  s)q)hilitic 
parents  found  well-marked  syphilitic  lesions  in  four.  More  commonly 
it  is  a  tertiary  manifestation  of  the  acquired  disease  occurring  from  ten 
to  twenty  years  after  the  initial  lesion.  Less  commonly  cerebral  symp- 
toms make  their  appearance  within  a  few  months  after  the  chancre.  The 
lesion  sometimes  appears  in  the  brain  as  the  so-called  gummy  tumors. 
These  are  most  frequently  fotmd  near  the  periphery  of  the  brain,  are 
usually  connected  with  the  meninges,  and  may  be  sharply  circumscribed. 
The  central  portion  of  the  tumor  is  apt  to  be  in  a  condition  of  cheesy 
degeneration,  while  at  the  periphery  is  fibrous  tissue  or  a  dense  infil- 
tration of  small  spheroidal  cells. 

Syphilitic  inflammation  of  the  brain  very  frequently  occurs  in  a  dif- 
fuse form,  characterized  by  the  formation  of  a  gelatinous,  grayish  tissue, 
consisting  of  a  more  or  less  homogeneous  or  granular  basement  substance, 
with  numerous  small  round  cells.  The  neighboring  nerve  elements  are 
apt  to  be  atrophied.  A  most  common  syphilitic  lesion  is  a  specific  arte- 
ritis with  or  without  the  formation  of  small  gummatous  tumors  in  the 
walls  of  the  vessels. 

Syphilitic  inflammation  in  the  cord  is  usually  secondary  to  a  similar 
process  in  the  spinal  meninges.  The  size  and  shape  of  the  gummata  are 
modified  by  the  restriction  of  the  vertebral  canal.  The  tumors  are 
mainly  significant  from  the  more  or  less  extensive  secondary  degenerations 
which  they  induce. 
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The  relation  of  syphilis  to  multiple  cerebral  and  spinal  sclerosis  is 
still  uncertain.  Its  relation  to  tabes  and  to  dementia  paraljiiica  has  been 
noted  under  their  respective  titles.  It  is  probable  that  most  or  all  of 
those  rare  cases  of  tabes  occurring  in  children  are  the  results  of  inherited 
syphilis. 

Syphilitic  inflammation  of  the  peripheral  nerves  is,  like  tuberculous 
inflammation  of  nerves,  usually  dependent  upon  an  extension  of  the 
process  either  from  the  meninges  or  from  some  tissue  through  which  the 
nerves  pass. 

ACTINOMYCOSIS. 

Actinomycosis  of  the  brain  has  been  described.  It  is  a  rare  form  of 
brain  infection,  and  is  usually  secondary  to  actinomycosis  of  the  neck  or 
face.  The  condition  is  apt  to  lead  to  suppuration  and  abscess  formation. 
A  case  has  been  reported  by  Bollinger  in  which  the  disease  was  appa- 
rently primary  in  the  brain. 

LEPROUS  INFLAMMATION. 

This  occurs  in  the  peripheral  nerves  and  consists  in  the  formation 
within  the  nerves  of  masses  of  new-formed  tissue  somewhat  resembling 
granulation  tissue.  In  the  cells  of  this  tissue  multitudes  of  characteristic 
bacilli  are  uniformly  found  (see  Leprosy).  It  constitutes  the  variety  of 
leprosy  known  as  lepra  ansesthetica. 

TUMORS. 

Tumors  occurring  in  the  nervous  system  may  be  of  the  types  found 
in  the  other  organs  or  of  types  peculiar  to  nervous  tissue.  They  may  be 
primary,  or  secondary  to  similar  growths  in  other  parts  of  the  body. 

Tumors  of  the  Brain. 

Myxoma,  fibroma,  lipoma,  and  osteoma  are  rare  forms  of  brain  tumor. 

Neuroglioma  Ganglionare. — This  is  a  form  of  tumor  probably  due  to 
disturbances  in  the  development  of  the  brain.  It  is  peculiar  to  nervous 
tissue  and  occurs  in  the  form  of  circumscribed  tumors  or  of  diffuse 
enlargements  of  portions  of  the  brain.  The  pia  mater  over  these  txunors 
is  unchanged  and  the  convolutions  retain  their  shape.  The  tumors 
are  formed  of  neuroglia,  in  which  are  contained  little  groups  of  ganglion 
cells  (Ziegler). 

Glioma. — This  is  the  most  common  tumor  of  the  brain,  and  like  the 
preceding  is  found  only  in  the  nervous  system.  It  occurs  with  especial 
frequency  in  children  and  young  adults.  Such  tumors  occur  in  all 
parts  of  the  brain,  but  are  found  most  frequently  in  the  cerebrum. 
There  may  be  a  single  tumor,  or  there  may  be  several  such  tumors  in 
dififerent  parts  of  the  brain;  some  of  them  attain  a  large  size.     Bramwell 
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reports  a  case  in  which  considerably  more  than  one-half  of  a  hemisphere 
was  involved.  These  tumors  may  be  sharply  circumscribed,  or  merge 
imperceptibly  into  the  brain  substance;  sometimes  the  tumor  is  arranged 
so  as  to  form  the  wall  of  a  cyst  which  contains  clear  serum.  They  may 
be  white  and  hard;  gray,  soft,  and  gelatinous;  infiltrated  with  small 
hsemorrhages  or  partly  degenerated  and  softened.  The  centre  of  a  gli- 
oma may  break  down  and  become  soft  and  necrotic  or  even  fluid.  In 
this  way  a  cyst  is  formed  having  a  wall  of  gliomatous  tissue.  The 
brain  tissue  around  these  tumors  may  be  inflamed  or  necrotic.  These 
tumors  arise  from  the  neuroglia.  The  relative  quantity  of  cells  and  fibrils 
varies  in  different  tumors.  They  are  composed  of  neuroglia  cells  and 
their  delicate  interlacing  processes  (for  minute  structure  see  "Glioma")- 
If  the  tissue  is  of  a  loose  formation  with  wide  meshes  between  the  fibres  it 
presents  a  myxomatous  appearance,  and  has  been  described  as  myxo- 
glioma.  When  the  cellular  elements  are  very  numerous  the  tumor  is 
often  referred  to  as  a  glio-sarcoma.  In  some  cases  the  vascularity  is  such 
a  marked  feature  that  ihe  name  of  telangiectatic  glioma  is  applied  to  it. 
(According  to  Ziegler,  a  simple  preponderance  of  cells,  so  long  as  they 
are  of  the  neuroglia  type,  does  not  warrant  classing  the  tumor  as  a  sar- 
coma, and  he  insists  that  the  latter  term  should  be  reserved  for  those 
gliomata  in  which  an  active  proliferation  of  the  connective  tissue  of  the 
walls  of  the  blood-vessels  occurs.)  Osier  reports  three  out  of  five  cases 
of  gliomata  as  made  up  of  large  cells  in  contradistinction  to  the  small- 
cell  variety. 

Sarcoma  occurs  in  any  part  of  the  brain.  It  may  be  single  or  mul- 
tiple. The  tumors  are  composed  of  round  or  fusiform  cells  with  more  or 
less  basement  substance. 

Endothelioma  is  found  in  the  substance  of  the  brain.  The  tumors  are 
of  the  types  described  as  occurring  in  the  pia  mater. 

Angioma. — Small  collections  of  dilated  vessels  are  found  in  the  sub- 
stance of  the  brain.  They  seem  to  be  congenital  like  the  nsevi  of  the 
skin. 

Carcinoma  occurs  in  the  brain.  It  is  usually,  if  not  always,  second- 
ary to  carcinoma  in  some  other  organ. 

Tumors  op  the  Cord. 

In  the  pia  mater  of  the  cord  are  sometimes  found  small  fibromata, 
osteomatai  and  lipomata.  Multiple  fibromata  occasionally  occur  in  the 
cord  in  connection  with  multiple  fibromata  of  the  peripheral  nerves. 

Endotheliomata  of  the  types  described  as  existing  in  the  pia  mater  of 
the  brain  are  much  more  rarely  found  in  the  pia  mater  of  the  cord. 

A  fatty  sarcoma^  of  the  pia  mater,  which  infiltrated  the  cord,  formed 
a  tumor  as  large  as  a  filbert,  and  had  for  twelve  years  caused  gradually 
increasing  paraplegia,  has  been  described. 
[      Two  curious  cases'  of  diffuse  sarcoma  and  one  of  endothelioma  of  the 

>  Turner,  Trana.  London  Path.  Soc,  vol.  xxxix.,  p.  25,  1888. 

<  Coupland  and  Patteur,  Trans.  London  Path.  Soc..  vol.  xxxviii.,  p.  26, 1887;  Arch.  f{ir  Psych.,  188& 
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pia  mater  of  the  whole  length  of  the  cord  are  recorded.  They  occurred 
in  girls  of  four-and-a-half,  sixteen,  and  twenty-two  years  of  age.  In  each 
case  the  pia  mater  of  the  whole  length  of  the  cord  was  diffusely  thickened 
and  studded  with  nodules.  In  two  of  the  cases  the  growth  waa  com- 
posed of  round  cells,  in  the  third  case  of  large  endothelial  cells  arranged 
in  alveoli.  In  two  of  the  cases  the  clinical  symptoms  lasted  only  for 
about  three  weeks,  in  the  third  case  for  five  months.  The  acuteness 
of  the  symptoms  was  such  as  to  indicate  the  existence  of  spinal  meningitis. 

In  the  spinal  cord  itself  gllomata,  fibromata,  sarcomata,  glio-Birco- 
mata,  and  angto-sarcomata  occur,  but  are  rare. 

When  gliomata  or  glio-sarcomata  do  occur  in  the  spinal  cord,  the  new 
growth  is  apt  to  extend  for  some  distance  lengthwise  in  the  cord  and  to 


ia  imculKT  oavily  in  Uie  (ny  matter  of  the  spinal  dor),  lined  by  a  thick  layer  of  (liomaton  tnic. 

be  attended  with  the  formation  of  a  cavity;  this  condition  is  usually 
described  under  the  name  of  syringomydia. 

Cysts  may  occur  as  a  result  of  softening  or  from  unknown  causes. 
Sometimes  very  long,  narrow  canals  are  found  in  the  spinal  cord,  even 
reaching  nearly  its  whole  length.  Some  of  these  are  evidently  the 
dilated  central  canal,  as  they  are  lined  with  epithelium.  Otbeis, 
however,  doubtless  originate  in  hsemorrhages  (see  Hsemalomyel- 
opore,  p.  939). 

Syringomyelia. — This  lesion  of  the  spinal  cord  consists  in  the  f ormatioa 
of  gliomatous  or  glio-sarcomatous  tissue  in  the  vicinity  of  the  central 
canal,  and  its  subsequent  partial  disintegration  with  the  formation  of  one 
or  more  cavities  within  the  substance  of  the  cord  (Fig.  677).  These  cav- 
ities, which  are  filled  with  fluid,  vary  greatly  in  siie,  shape,  and  extent, 
and,  while  usually  situated  in  the  central  region  of  the  cord,  may  involve 
the  anterior  and  posterior  cornua  and  invade  the  posterior  columns- 
There  may  be  two  communicating  cavities,  and  these  may,  but  usually  do 
not,  open  into  the  central  canal.  The  longitudinal  extent  of  these  cav- 
ities varies  greatly.  The  lower  cervical  and  upper  dorsal  regions  are  most 
frequently  involved.  The  cavity  is  usually  lined  with  tissue  somewhat 
denser  than  that  which  makes  up  the  bulk  of  the  tumor.     The  gliomatous 
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or  glio-sarcomatous  tissue  which  forms  the  basis  of  the  lesion  in  sjrringo- 
myelia  probably  originates  from  the  layer  of  neuroglia  which  surrounds 
or  extends  away  from  the  central  canal. 

Syringomyelia  is  frequently  mistaken  for  hydromyelia,  which  is  a 
congenital  malformation,  in  which  the  longitudinal  cavity  in  the  cord 
is  at  some  period  lined  with  epithelial  cells.  Sjrringomyelia  has  also 
been  confused  with  haematomyelopore. 

There  seems,  furthermore,  to  be  a  class  of  lesions  of  the  cord,  usually 
classed  as  syringomyelia,  in  which  cavities  of  various  forms  coexist  with 
a  tumor  in  the  vicinity  of  the  central  canal.  But  these  cavities  do  not 
appear  to  be  formed  by  a  breaking  down  of  the  tumor  tissue,  but  in  some 
other  way  as  yet  little  understood. 

Tumors  op  Nerves. 

The  tumors  of  the  nerves  may  be  divided  into  those  consisting  largely 
of  or  containing  new-formed  nerve  tissue,  true  neuromata^  and  the 
so-called  false  neuromata,  which  are  for  the  most  part  fibromata  or  myxo- 
mata  originating  in  the  connective  tissue  of  the  nerve  (see  Neuroma). 
Myxo-sarcomata  are  less  common,  and  primary  sarcomata  rare.  The 
nerves  may  be  secondarily  involved  in  sarcomata,  or  in  carcinomata 
through  which  they  pass,  though  not  infrequently  nerves  pass  through 
these  tumors  without  being  in  the  least  involved  in  their  peculiar  struc- 
ture. Paltauf  has  described  as  endotheliomata  rare  tumors  of  the  glan- 
dula  carotica. 

PARASITES. 
Cjrsticercus  and  more  rarely  echinococcus  occur  in  the  brain. 

HOLES  AND  CYSTS  m  THE  BRAIN. 

Larger  or  smaller  holes  may  be  found  in  the  brain  tissue  from  dilata- 
tion of  the  perivascular  lymph-spaces,  or  well-formed  cysts  may  exist 
as  a  result  of  haemorrhage,  inflammatory  softening,  hydatids,  etc. 

Porencephalus 

is  a  term  which  has  had  a  wide  range  of  application  to  various  defects  of 
the  brain  substance.  By  some  writers  the  term  has  been  used  to  cover 
almost  any  congenital  absence  of  brain  tissue.  By  others,  brain  defects 
not  congenital  are  included.  Its  most  common  application  is  to  certain 
quite  well  defined  congenital  conditions  in  which  there  is  an  absence  of  a 
considerable  portion  of  one  or  both  hemispheres.  These  holes  may  lie 
deep  in  the  substance  of  the  brain.  More  commonly  they  come  to  the 
surface  making  conical  depressions  in  the  cortex,  which  the  dura  mater 
bridges  over,  but  into  which  the  pia  extends.  There  may  or  may  not  be 
communication  with  the  ventricles.  This  condition  may  coexist  with 
various  mental  aberrations,  hydrocephalus,  etc.  Similar  defects  may 
occur  in  the  cerebellum. 
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Pineal  Gland. 

This  little  body,  about  the  size  of  a  cherry  stone,  is  composed  of  con- 
nective tissue  enclosing  cavities  which  are  filled  with  reticulated  tissue 
and  round  cells.    The  cavities  often  contain  brain  sand. 

A  small  number  of  tumors  belonging  to  the  class  of  teratoma  have 
been  described  as  originating  in  the  pineal  gland.  ^ 

Weigert  describes  a  tumor,  about  3.5  centimetres  in  diameter,  com- 
posed of  epidermis,  hair  follicles,  hair,  sebaceous  glands,  cartilage,  fat, 
smooth  muscle,  and  cylindrical  epithelium. 

Falkson  describes  a  chondro-cysto-sarcoma,  5.8  centimetres  in 
diameter,  which  apparently  originated  in  the  pineal  gland. 

Turner  describes  a  tumor  of  the  pineal  gland,  projecting  into  the 
third  ventricle  and  the  left  lateral  ventricle,  of  the  size  of  a  kidney.  The 
tumor  was  composed  of  fusiform  cells,  of  nerve-ganglion  cells,  of  tubules 
and  acini  lined  with  cylindrical  epithelium,  and  of  more  irregular  spaces 
filled  with  large  polygonal  cells. 

Coats  describes  a  tumor,  three  inches  in  diameter,  growing  into  the 
third  ventricle,  the  aqueduct  of  Sylvius,  and  the  fourth  ventricle.  It 
was  composed  of  fusiform  cells,  of  tubules  lined  with  cylindrical  epi- 
thelium, of  irregular  masses  of  epithelium,  of  cartilage,  and  of  smooth 
muscle. 

Hypertrophy  with  cystic  degeneration  may  occur. 

Haemorrhage  into  the  substance  of  the  gland  has  been  described. 

Hypophysis  Cerebri.     (The  Pituitary  Body.) 

This  organ  consists  of  three  lobes:  an  anterior,  of  epithelial  cells  and 
blood  vessels;  an  intermediary,  of  epithelial  cells  and  neuroglia;  and  a 
posterior,  of  neuroglia  cells  and  fibers.  The  cells  of  the  anterior  lobe 
are  basophile  or  chief  cells,  and  eosinophile  or  cromophilic  cells. 

Tumors. — Weigert'  describes  a  tumor,  as  large  as  a  hen's  egg,  which 
resembled  in  its  structure  the  normal  anterior  lobe  of  the  pituitary  body, 
and  which  he  regards  as  a  hypertrophy  of  that  body.  Weigert  also 
describes  a  gummy  tumor  of  the  pituitary  body  as  large  as  a  hazelnut. 
Weichselbaum  describes  an  adenoma  of  the  pituitary  body  as  large  as  a 
pigeon 's  egg,  closely  resembling  the  structure  of  the  normal  anterior  lobe 
of  this  body;  a  small  lipoma;  and  a  pituitary  body  with  colloid  cysts, 
lined  with  ciliated  epithelium.' 

Methods  of  Preparation  of  Nerve  Tissue  for  Microscopical  Study. 

The  general  methods  of  hardening  will  be  found  in  Part  III.  For  minute  study 
there  is  no  one  method  of  staining  and  mounting  upon  which  we  can  rely  exclusi?ely 
for  the  study  of  all  lesions.     A  preliminary  examination  of  areas  of  infiammaion^ 

iFor  study,  with  bibl.,  of  tumors  of  the  pineal  gjand  see  Bailey  andJeUiffe^  Arch.  Int,  Mad., 
1911,  viii.,  851.     See  also  r^sum^  of  Dana  and  W.  A^  Berkdey,  Med.  Record.,  1913,  Ixxxiii.,  835. 

«  Weigert,  Virch.  Arch..  Bd.  Ixv.,  p.  219,  1876. 

'  For  an  extended  study  of  tumors  of  the  hypophysis  see  monograph  of  Erdheim^  Sitsuncrt)er*  ^ 
kais,  Akad.  d.  Wijw.  in  Wein,  Math.-naturw.  Kl.,  Bd.  cxiii.  Abth.,  3, 1904;  also  Cuehing,  Pituitary  Body 
and  Ita  Disorders,  1912. 
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softening,  or  of  the  disintegrated  tissue  in  apoplectic  dotSf  or  of  the  new-formed  tissue 
in  chronic  hcBtnorrhagic  pachymeningitis  interna,  may  be  made  by  teasing  portions 
of  the  afifected  tissues  in  0.5-per-cent.  salt  solution.  Or  the  tissues  in  these  lesions, 
or  in  any  others  in  which  fatty  degeneration  is  suspected,  may  be  placed  for  twenty- 
four  hours  in  1-per-cent.  aqueous  solution  of  osmio  acid,  and  then  washed  and  teased 
in  glycerin.  In  this  way  the  myelin  and  the  fat  will  be  stained  brown  or  black. 
Secondary  and  other  degenerations  of  meduUated  nerves  may  be  studied  by  soaking 
the  nerves  for  twenty-four  hours  in  1-per-cent.  solution  of  osmio  acid,  and  then  staining 
with  picrocarmine  and  teasing  and  mounting  in  glycerin. 

To  demonstrate  the  presence  of  miliary  aneurisms  in  or  about  apoplectic  clots,  it 
is  usually  necessary  to  macerate  the  brain  tissue  in  water  until  the  nerve  elements  dis- 
integrate, and  they  may  then  be  washed  away  under  a  stream  of  water,  leaving  the 
blood-vessels  with  their  aneurisms  exposed. 

Marchi*8  Method. — For  studying  early  stages  of  degeneration  in  medullated  nerve 
fibres  this  method  is  invaluable.  It  depends  upon  the  fact  that  while  myelin  and  fat 
both  stain  black  when  the  fresh  nerve  fibres  are  placed  directly  into  osmic  acid,  a  pre- 
liminary soaking  in  a  solution  of  potassium  bichromate  so  affects  the  tissue  that  the 
myelin  sheaths  of  normal  fibres  no  longer  impregnate  with  osmium,  the  fat  droplets 
alone  staining. 

Tissues  are  first  hardened  from  one  to  three  weeks  in  Mailer's  fluid,  or  simply  in  a 
2-  or  3-per-cent.  aqueous  solution  of  potassium  bichromate.  They  are  then  trans- 
ferred to  a  mixture  of  1-per-cent.  aqueous  solution  of  osmic  acid  one  part,  M Oiler's 
fluid  two  parts,  where  they  remain  from  three  days  to  a  week. 

By  following  the  lines  of  fat  droplets,  degenerative  changes  in  nerve  fibres  may  be 
traced  either  in  the  peripheral  nerves  or  in  the  central  nervous  system. 

Eosin-Hcematoxylin  Staining. — Suppurative  inflammation  of  the  central  nervous 
system  and  its  membranes,  or  the  connective-tissue  changes  in  general,  may  be  studied 
in  sections  from  the  tissues  hardened  in  MOiler's  fluid  and  alcohol,  stained  double  with 
hsmatoxyUn  and  eosin  (see  p.  1035),  and  mounted  in  Canada  balsam. 

WeigerVa  Method. — A  very  useful  method  of  staining  sections  of  nerve  tissue,  espe- 
cially of  the  brain  and  cord,  is  that  known  as  Weigert*8  hcematoxylin  method.  The 
tissue  is  first  well  hardened  in  MoUer's  fluid. 

Blocks  of  the  hardened  tissue  are  embedded  in  celloidin  and  sections  made  in  the 
usual  way.  The  sections  are  first  soaked  for  twenty-four  hours  in  a  saturated  aqueous 
solution  of  neutral  cupric  acetate  diluted  with  an  equal  bulk  of  water,  or,  if  the  mate- 
rial has  been  kept  some  time  and  takes  the  hsematoxyUn  stain  with  difficulty,  a  better 
result  is  often  obtained  by  soaking  the  sections  for  from  twelve  to  twenty-four  hours 
in  a  3-  to  5-per-cent.  aqueous  solution  of  bichromate  of  copper  before  staining.  They 
are  now  thoroughly  washed  twice  in  water,  then  in  alcohol,  and  then  are  transferred 
to  the  hsematoxyUn  solution,  made  as  follows: 

Hsematoxylin  crystals 1  gm. 

Alcohol,  97  per  cent 10  c.c. 

Water 90  c.c. 

Saturated  aqueous  solution  lithium  carbonate   1  c.c. 

In  this  solution  the  sections  remain  for  two  hours.  (If  the  finer  fibres  of  the  cere- 
bral cortex  are  to  be  brought  out,  the  sections  must  remain  for  twenty-four  hours  in 
the  hsematoxyUn  solution.)  The  sections  are  now  thoroughly  washed  in  two  or  three 
waters  and  transferred  to  the  bleaching  solution,  composed  as  foUows: 

Potassium  ferricyanide   2.5  gm. 

Sodium  biborate 2      gm. 

Water 200      c.c. 

In  this  fluid  the  sections  discharge  a  brownish  color,  and  they  remain  in  it  untifthe 
gray  matter  has  a  distinct  yeUow  color  and  the  white  matter  is  bluish  black.  The 
time  required  to  produce  this  effect  varies  considerably,  and  is  usually  from  half  an 
hour  to  an  hour.  The  sections  are  now  washed,  dehydrated  with  alcohol,  cleared  up 
in  oil  of  cloves  or  oil  of  origanum,  and  mounted  in  balsam.     The  sections  may  be 
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stained  in  alum  carmine  before  dehydration,  to  bring  out  the  nuclei.  In  sections 
stained  by  this  method  the  gray  matter,  connective-tissue  elements,  and  ganglion 
cells  have  a  yellow  or  yellowish  brown  color,  the  axis  cylinders  are  uncolored  or  have 
a  slight  yellowish  tint,  while  the  medullary  sheaths  are  bluish  black  or  black. 

NissVs  Staining  Method. — There  are  several  variations  of  this  method,  but  the 
following  gives  good  results  in  most  cases: 

The  essential  feature  of  the  so-called  NissFs  method  is  the  application  of  the  anilin 
dyes  to  the  staining  of  certain  structural  elements  in  the  nucleus  and  cytoplasm,  which 
are  distinguished  from  the  other  structures  of  the  cell  by  a  differentiating  decolorisa- 
tion  with  alcohol. 

Methylene  blue  is  the  most  generally  useful  of  the  anilin  dyes  for  this  purpose. 

The  specimens  should  have  been  carefully  hardened  in  sublimate  solution  or  in 
alcohol  or  in  formalin. 

Very  thin  sections  are  stained  in  1-per-cent.  solution  of  methylene  blue.  The 
staining  may  be  effected  on  a  slide  on  which  the  sections  are  floating  in  the  blue  solu- 
tion by  gently  heating  over  a  lamp  until  the  fluid  steams. 

The  sections  are  now  transferred  to  a  mixture  of  absolute  alcohol  90  parts,  with 
anilin  oil  10  parts,  in  which  the  differentiation  is  effected  by  the  use  of  successive  fresh 
portions  of  fluid  until  slight  but  distinct  differentiation  in  color  is  seen  between  the 
gray  and  white  matter  of  the  nerve  tissue.  The  exact  degree  of  decolorication  which 
gives  the  best  pictures  will  be  learned  by  practice  of  the  method.  In  most  cases  the 
use  of  alcohol  alone  without  anilin  oil  is  preferable  to  the  mixture,  and  in  any  case 
the  sections  should  always  be  washed  in  strong,  pure  alcohol  before  passing  on  to  the 
xylol.  The  sections  are  now  freed  from  the  bulk  of  the  alcohol  upon  the  slide,  cleared 
in  xylol,  and  mounted  in  dammar  varnish,  in  which  the  color  is  apt  to  be  preserved 
better  than  in  balsam.  By  this  procedure  the  chromophiUc  bodies  in  the  cytoplasm  of 
garglion  cells  are  sharply  differentiated,  and  thus  abnormal  conditions  may  be  detected 
in  them  (see  Plate  XIII.). 

A  contrast  stain  with  erythrosin  (Held^  is  useful  in  demonstrating  cell  structures 
which  are  not  visible  with  the  simple  Nissl  staining.    This  may  be  secured  as  follows: 

The  sections  are  first  warmed  from  one  to  two  minutes  in  the  following  solution: 
erythrosin,  gm.  1;  acetone,  gtt.  ij.;  aqua  dest.,  150  c.c.  They  are  then  washed  thor- 
oughly in  water  and  transferred  to  a  solution  consisting  of  equal  parts  of  Xissl's  methyf- 
ene-blue  solution  and  a  5-per-cent.  aqueous  solution  of  acetone.  In  this  they  are 
warmed  until  the  odor  of  acetone  ceases  to  be  given  off.  The  sections  are  decoloriied 
in  a  0.1-per-cent.  solution  of  alum  until  they  appear  red  in  color,  and  are  then 
dehydrated  in  alcohol  and  cleared  and  mounted  in  the  usual  way. 

1  Held,  Arch.  f.  Anat.  und  Phys.,  Anat.  Abt.,  1896,  p  396,  1897,  p.  204. 
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CHAPTER  I. 

THE  METHOD  OF  MAKING  POST-MORTEM 

EXAMINATIONS. 

General  Considerations. 

The  object  in  making  a  post-mortem  examination  may  be  to  deter- 
mine whether  a  person  has  died  from  violence  or  poisoning;  to  account 
for  a  sudden  death;  or  to  study  the  lesions  of  disease.  In  any  case  the 
examination  should  include  all  the  important  parts  of  the  body,  not 
merely  a  suspected  organ,  and  the  results  should  be  recorded  at  the  time 
the  examination  is  made. 

Great  care  is  necessary  in  endeavoring  to  ascertain  the  cause  of  death 
when  the  clinical  history  is  imperfect  or  unknown.  Mechanical  injuries 
which  destroy  life  by  abolishing  the  function  of  one  of  the  important 
viscera,  are  relatively  infrequent.  Most  of  the  lesions  found  after  death 
are  rather  the  marks  of  disease  than  the  cause  of  death.  We  do  not 
know,  for  example,  how -great  a  degree  of  meningitis,  or  of  pneumonia, 
or  of  endocarditis,  or  of  cirrhosis,  or  of  nephritis  necessarily  leads  to 
death.  On  the  contrary,  one  patient  may  recover  with  an  extent  of 
lesion  which  is  sufficient  to  destroy  the  life  of  another.  So  with  acci- 
dents; there  is  often  no  evident  reason  why  fractures  of  the  skull  or  of 
the  pelvis  should  destroy  life,  yet  they  usually  do.  In  some  of  the  infec- 
tious diseases,  such  as  typhoid  fever,  the  visible  lesions  cannot  always 
be  called  the  cause  of  death.  Sudden  deaths  of  persons  apparently  in 
good  health  are  often  particularly  obscure.  In  many  of  them  we  have 
to  acknowledge  that  we  can  find  no  sufficient  cause  for  the  death.  This 
is  of  course  due  to  our  imperfect  knowledge,  but  it  is  much  better  in 
such  cases  to  avow  ignorance  than  to  attribute  the  death  to  some  trifling 
lesion.  The  brain  and  the  heart  are  the  organs  which  are  especially  capa- 
ble of  giving  symptoms  during  life,  without  corresponding  lesions  after 
death.  Very  well-marked  cardiac  or  cerebral  symptoms  may  continue 
for  days  or  months,  and  apparently  destroy  life,  and  yet  after  death 
we  find  no  corresponding  anatomical  changes.^  But  it  should  be  remem- 
bered that  recent  advances  in  our  knowledge  of  the  cell,  which  an 
improved  technique  in  hardening  and  preparation  has  greatly  fostered, 
have  already  shown  that  under  various  abnormal  conditions  the  cells, 
especially  of  the  nervous  system,  may  undergo  morphological  changes  of 
great  significance,  without  perceptible  alteration  in  the  gross  appearance 
of  the  affected  part,  changes  which  even  the  microscopical  examinations 
of  the  past  have  failed  to  disclose.  So  that  while  there  often  appears  to 
be  a  wide  discrepancy  between  symptoms  and  lesions,  with  the  increase 

1  See  Sudden  Death,  p.  446. 
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of  knowledge  the  scope  of  this  discrepancy  is  steadily  narrowing.  It  is 
the  novice  in  post-mortem  examinations  who  is  particularly  apt  to  mis- 
take for  lesions  ordinary  post-mortem  alterations  or  the  eflfects  of 
embalming  processes. 

The  cause  of  death  is  not  always  to  be  found  in  the  organ  primarily 
affected  or  which  shows  the  most  pronounced  lesions.  Thus  chronic  dif- 
fuse nephritis  may  exist  for  years  with  more  or  less  marked  symptoms  of 
disease.  But  death  may  finally  be  due  to  a  weakened  heart  which  was 
secondarily  involved,  or  occur  in  unsmic  convulsions,  the  brain  showing 
no  lesions  at  all.  It  is  desirable,  therefore,  and  in  the  majority  of  cases 
possible,  to  diflferentiate  between  obvious  lesions  and  the  cause  of  death. 

External  Inspection. 

Before  commencing  the  examination  of  the  internal  viscera  an  inspec- 
tion should  be  made  of  the  external  surface  of  the  body.  The  minute- 
ness of  this  inspection  will  depend  upon  the  character  of  the  case.  In 
the  case  of  an  unknown  person,  or  of  one  suspected  to  have  died  from 
unnatural  causes,  it  is  necessary  to  search  for  and  record  not  only  all 
contusions,  wounds,  etc.,  their  size,  situation,  and  condition,  but  also 
deformities  from  disease  and  any  physical  peculiarities  of  hair,  eyes, 
teeth,  moles,  etc.,  by  which  the  person  may  be  identified.  In  such  cases 
it  is  well,  if  possible,  to  photograph,  weigh,  and  measure  the  body.  In 
cases  of  doubtful  identity  it  is  sometimes  wise  to  make  a  wax  or  plaster 
cast  of  the  outside  of  the  teeth  and  jaws.  In  ordinary  examinations  we 
note  the  general  nutritive  condition  of  the  body,  and  look  for  evidences 
of  external  injury,  for  skin  diseases,  ulcers,  oedema,  gouty  deposits, 
abscesses,  enlarged  lymph-nodes,  etc.  The  external  organs  of  generation 
should  be  searched  for  syphilitic  lesions. 

It  is  well  to  weigh  the  body,  since  the  significance  of  the  weight  of 
the  individual  organs  is  often  closely  dependent  upon  the  relationship 
of  their  weight  to  that  of  the  entire  body. 

Cadaveric  Lividity. — It  is  usual  to  find  certain  changes  in  the  exter- 
nal appearances  of  the  body,  which  are  due  to  the  cessation  of  life  and 
the  commencement  of  decomposition.  We  speak  now  of  bodies  which 
have  not  been  buried,  but  which  have  been  kept  in  the  ordinary  way, 
lying  on  the  back,  and  loosely  covered  with  a  shroud  or  dressed  with  the 
ordinary  clothing. 

After  life  becomes  extinct,  and  before  the  blood  coagulates,  it  changes 
its  position  chiefly  in  two  ways:  first,  it  is  driven  by  their  contraction 
out  of  the  arteries  into  the  veins;  second,  it  settles  in  the  veins  and 
capillaries  of  the  more  dependent  parts  of  the  body,  inducing  usually 
within  a  few  hours  after  death  a  mottling  of  the  surface  with  irreguLir 
livid  patches.  These  patches  may  coalesce,  forming  a  uniform  dusky 
red  color  over  the  back  of  the  trunk,  head,  and  extremities,  and  some- 
times over  the  ears,  face,  and  neck.  The  same  eflfect  is  observed  on  the 
anterior  aspect  of  the  body  if  it  has  lain  on  the  face.  At  points  of  pres- 
sure, from  folds  in  the  clothing,  or  from  the  weight  of  the  body  on  the 
table,  the  red  color  is  absent  or  less  marked.     These  changes  occur 
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before  putrefaction  sets  in.  This  cadaveric  lividity  or  hypostasis  should 
not  be  mistaken  for  ante-mortem  ecchymosis,  from  which  it  may  usually 
be  readily  distinguished  by  its  position  and  extent,  by  the  fact  that  the 
surface  of  the  skin  is  not  elevated,  and  by  the  fact  that  on  incision  no 
blood  is  found  free  in  the  interstices  of  the  tissues.  Not  infrequently 
the  subcutaneous  tissue  in  the  vicinity  of  these  post-mortem  hypostases 
becomes  infiltrated  with  reddish  serum.  Very  soon  after  death,  particu- 
larly in  warm  weather,  the  tissues  immediately  around  the  subcutaneous 
veins  of  the  neck  and  thorax,  and  in  other  situations,  may  become 
stained  of  a  bluish  red  color  from  the  decomposition  and  escape  from 
the  vessel  of  the  coloring  matter  of  the  blood.  If  the  epidermis  has 
been  detached  at  any  point,  the  skin  beneath  soon  becomes  dry  and 
brown. 

Putrefactive  Changes. — Usually  in  from  one  to  three  days,  depending 
upon  circumstances,  a  greenish  discoloration  of  the  skin  appears,  at  first 
upon  the  middle  of  the  abdomen,  over  which  it  gradually  spreads,  assum- 
ing a  deeper  hue  and  often  changing  to  a  greenish  purple  or  brown. 
Greenish  patches  may  now  appear  on  different  parts  of  the  body,  earliest 
upon  those  overlying  the  internal  cavities;  this  discoloration  is  probably 
produced  by  the  action  on  the  haemoglobin  of  gases  developed  by  decom- 
position. The  eyeballs  now  become  flaccid,  and  if  the  eyelids  are  not 
closed  the  conjunctiva  and  cornea  become  brown  and  dry.  The  pressure 
of  gases  developed  by  decomposition  in  the  internal  cavities  not  infre- 
quently forces  a  greater  or  less  quantity  of  frothy,  reddish  fluid  or  mucus 
from  the  mouth  and  nostrils,  distends  the  abdomen,  and,  if  excessive, 
may  lead  to  changes  of  position  of  the  blood  in  the  vessels,  and  even  a 
moderate  amount  of  displacement  of  the  internal  organs.^ 

After  a  varying  period,  sometimes  within  five  or  six  days,  the  entire 
surface  of  the  body  may  be  discolored,  green  or  brown.  Then  the  epi- 
dermis may  become  loosened  by  the  accumulation  of  gases  and  fluids 
beneath  and  the  tissues  become  flaccid.  The  abdomen  may  be  greatly 
distended  and  the  features  distorted  from  swelling.  The  rapidity  with 
which  these  changes  occur  depends  upon  various  conditions.  Thus  an 
elevated  temperature  and  the  presencce  of  air  and  moisture  hasten  the 
advent  and  progress  of  putrefaction. 

The  bodies  of  infants  usually  decompose  more  rapidly  than  those  of 
adults,  fat  bodies  more  quickly  than  lean  ones.  The  infectious  diseases, 
intemperance,  and  the  puerperal  condition  promote  rapid  decomposition, 
as  does  also  death  from  suffocating  gases.  Poisoning  by  arsenic,  alcohol, 
antimony,  sulphuric  acid,  strychnin,  and  chloroform  may  retard  the 
progress  of  decomposition.  Burial  in  dry  soil  and  submersion  in  water 
also  retard  the  progress  of  decay.  ^ 

I  In  cases  with  the  early  and  marked  fonnation  of  gas  in  the  tissues  and  oisans,  especially  in  the 
liver,  the  possibility  of  infection  with  Bacillus  aSrogenes  capsulatus  should  be  borne  in  mind.  See 
p.  289. 

*  For  a  study  of  bacteria  in  the  blood  of  the  cadaver  see  Ottolenghi,  Vierteljahresschrift.  f.  gerichtl. 
Medicin,  Bd.  iv.,  Suppl.;  see  also  Babet,  "Les  maladies  infectieusee  en  m^decine  legale,"  Annales 
d'Hygi^e  Publique,  t.  xli.,  p.  193,  1899. 

Concerning  the  conversion  of  the  body  into  adipocere  see  Ewing,  Peterson  and  Haines*  "Tezt> 
book  of  L^al  Medicine."  vol.  i.,  p.  13S;  see  also  Atcardlx,  Vierteljahresschrift  f.  gerichtl.  Med.  xxxii., 
p.  219,  1906;  and  MHUer,  Post-mortem  Decomposition,  etc.,  Zurich,  1913. 
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Cooling  of  the  Body. — After  death  the  chemical  changes  upon  which 
•  the  maintenance  of  the  temperature  depends  rapidly  diminish,  and  the 
body  gradually  cools  to  the  temperature  of  the  surrounding  medium. 
This  usually  occurs  in  from  about  fifteen  to  twenty  hours,  but  the  time 
required  depends  upon  a  variety  of  conditions.  Immediately  after  death 
there  is,  in  nearly  all  cases,  a  slight  elevation  of  internal  temperature, 
owing  to  the  fact  that  the  metabolic  changes  in  the  tissues  still  continue 
for  a  time,  while  the  blood  ceases  to  be  cooled  by  passing  through  the 
lungs  and  peripheral  capillaries.  After  death  from  certain  diseases- 
yellow  fever,  cholera,  rheumatic  fever,  and  tetanus — a  considerable  ele- 
vation of  internal  temperature  has  been  repeatedly  observed.  The  time 
occupied  by  the  cooling  of  the  body  may  be  prolonged  after  sudden  death 
from  accidents,  acute  diseases,  apoplexy,  and  asphjrxia.  A  number  of 
cases  are  recorded  in  which  the  body  retained  its  heat  for  several  days, 
without  known  cause. 

After  death  from  wasting  chronic  disease,  and  in  some  cases  after 
severe  haemorrhages,  the  cooling  of  the  body  is  very  rapid,  the  internal 
temperature  being  reduced  to  that  of  the  surrounding  air  within  four  or 
five  hours.  Fat  bodies  cool  less  quickly  than  lean  ones,  the  bodies  of 
well-nourished  adults  less  quickly  than  those  of  children  or  old  persons. 
The  temperature  of  the  surrounding  medium,  and  the  degree  of  protection 
of  the  body  from  currents  of  air,  of  course,  modify  the  progress  of  cool- 
ing; and  the  internal  organs  naturally  retain  their  heat  longer  than  the 
surface  of  the  body.  The  rate  at  which  cooling  occurs  is  most  rapid,  as 
a  rule,  during  the  hours  immediately  following  death,  notwithstanding 
the  post-mortem  rise  which  may  ensue. 

It  will  thus  be  seen  that,  if  required  to  pronounce  upon  the  time 
which  has  elapsed  since  death  in  a  given  case,  we  can  do  so  only  appron- 
mately.  It  is  necessary  to  take  into  account  all  of  the  above-mentioned 
conditions  which  modify  the  rate  of  cooling  of  the  body,  and  then  we 
may  be  able  to  state  only  the  probabilities  of  the  case.  It  is  furthermore 
unsafe  in  any  case  to  infer  the  cause  of  death  from  the  rate  of  cooling  of 
the  body. 

Rigor  Mortis. — Death  is  usually  succeeded  immediately  by  a  period  of 
complete  muscular  relaxation.  The  jaws  drops  and  the  limbs  become 
flaccid.  The  muscles  may  retain  for  two  or  three  hours,  however,  the 
capacity  of  contracting,  on  the  application  of  appropriate  stimuli.  On 
the  average,  within  six  hours  the  muscles  become  firm  and  rigid.  This 
post-mortem  rigidity  is  called  rigor  mortis.  On  the  occurrence  of  the 
rigor  mortis  the  muscles  becomes  fixed  in  whatever  position  they  mar 
have  had  at  the  time  of  its  occurrence.  It  usually  begins  in  the  musdes 
of  the  eyelids,  extends  to  those  of  the  back  of  the  neck  and  loww*  jaw, 
then  to  the  face  and  neck,  and  thence  passing  downward  kSeets  the  mus- 
cles of  the  thorax  and  lower  extremities.  It  usually  disappears  in  tlie 
same  order.  Although  commencing  on  the  average  six  hours  after  death. 
it  mav  set  in  at  once  or  be  delaved  for  twentv-four  hours  or  more.  It 
may  pass  off  very  rapidly,  in  rare  cases  in  from  one  to  three  hours;  or 
it  may  persist  for  two  or  three  weeks  or  longer.     It  may  be  said  in  gen- 
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eral  that  the  average  time  of  its  disappearance  is  within  twenty-four  or 
forty-eight  hours  after  its  occurrence,  depending  on  temperature,  its 
intensity,  the  mode  of  death,  the  period  of  its  advent,  etc.  Caspar 
states  that  in  foetuses  before  term  he  has  never  observed  rigidity,  and 
that  in  young  children  it  is  feeble  and  of  short  duration.  Its  occurrence 
and  phenomena  may  be  in  some  cases  of  the  highest  medico-legal  impor- 
tance; but  its  careful  observation  does  not,  with  our  present  knowledge 
of  its  significance,  appear  essentially  to  further  the  aims  of  the  practical 
pathologist.* 

Contusions. — It  is  often  important  to  determine  whether  violence  has 
been  inflicted  upon  a  body  before  death.  In  regard  to  this  point,  we 
must  remember,  first,  that  blows  and  falls  of  sufficient  violence  to  fracture 
bones  and  rupture  the  viscera  may  leave  no  marks  on  the  skin,  even 
though  the  person  has  survived  for  several  days;  and,  second,  that  there 
are  post-mortem  appearances  which  simulate  ante-mortem  bruises.  A 
severe  contusion  during  life  may  present,  at  first,  no  mark  or  only  a 
general  redness.  After  a  short  time  the  injured  part  becomes  swollen 
and  of  a  red  color;  this  color  may  be  succeeded  by  a  dark  blue,  and  this 
in  turn  fade  into  a  greenish  yellow  or  yellow;  these  later  appearances 
are  due  to  an  escape  of  blood  from  the  vessels  and  to  a  subsequent  decom- 
position of  haemoglobin.  If  therefore  we  cut  into  such  an  ecchymosis 
after  death,  we  find  extravasated  blood  or  the  coloring  matter  of  the 
blood,  in  the  form  of  pigment  granules,  free  in  the  tissues.  Post-mortem 
discolorations,  on  the  other  hand,  although  their  external  appearance 
may  resemble  that  of  ante-mortem  ecchymosiS;  are  not  formed  by  an 
extravasation  of  blood,  but  by  a  circumscribed  congestion  of  the  vessels 
or  by  an  escape  of  blood-stained  serum.  If  we  cut  into  such  discolor- 
ations, therefore,  we  find  no  blood  outside  the  vessels.  Care  should 
be  taken  not  to  mistake  the  lesions  of  haemorrhagic  infection  for  trau- 
matic ecchymoses. 

Blows  on  the  skin  of  a  body  which  has  been  dead  for  not  more  than 
about  two  hours  may  produce  true  ecchymoses  with  extravasation  of 
blood,  such  as  can  be  distinguished  with  great  difficulty  or  not  at  all 
from  those  formed  during  life.  If  putrefactive  changes  be  present,  the 
difficulty  of  distinguishing  between  ante-mortem  and  post-mortem  bruises 
is  greatly  enhanced. 

Hanging  and  strangulation  are  attended  with  the  formation  of  marks 
on  the  neck  which  are  described  in  works  on  forensic  medicine.  These 
marks  must  not  be  confounded  with  the  natural  creases  of  the  skin  of 
the  neck.  Many  adults  during  life  have  creases  of  the  skin  of  the  neck, 
one  or  more  in  number,  running  downward  from  the  ear  under  the  chin 
or  encircling  the  neck.  After  death  these  creases  may  be  much  more 
evident  than  during  life,  and  may  be  rendered  more  decided  by  the  posi- 
tion of  the  head  and  the  freezing  of  the  body.  They  usually  persist 
until  the  skin  putrefies. 

1  For  further  details  oonceming  rigor  mortia,  putrefactive  changes,  particularly  the  later  stages, 
and  the  phenomena  of  cooling  of  the  body,  see  Tidy,  "  Legal  Medicine,"  vol.  i..  or  other  works  on  medical 
jurisprudence. 
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Wounds. — We  should  notice  the  situation,  extent,  and  direction  of  a 
wound,  the  condition  of  its  edges  and  the  surrounding  tissues.  If  it  be 
a  deep,  penetrating  wound,  its  course  and  extent  should  be  ascertained  by 
careful  dissection  rather  than  by  the  use  of  a  probe. 

If  the  edges  of  a  wound  be  inflamed  and  suppurating,  or  commencing 
to  cicatrize,  it  must  have  been  inflicted  some  time  before  death.  In  a 
wound  inflicted  a  short  time  before  death,  the  edges  are  usually  everted; 
there  may  be  more  or  less  extravasation  of  blood  into  the  surrounding 
tissues,  and  the  vessels  contain  coagula;  but  sometimes  none  of  these 
changes  are  observed.  The  chief  characteristics  of  a  wound  inflicted 
after  death  are  absence  of  a  considerable  amount  of  bleeding,  non- 
retraction  of  the  edges,  and  the  absence  of  extravasation  of  blood  into  the 
tissues.  But  a  wound  inflicted  within  two  hours  after  death  may 
resemble  very  closely  one  received  during  life.  In  general,  unless  a 
wound  is  old  enough  for  its  edges  to  present  inflammatory  changes, 
we  must  be  very  careful  in  asserting  its  ante-mortem  or  post-mortem 
character. 

Fractures. — It  may  be  important  to  determine  whether  a  bone  was 
fractured  before  or  after  death.  This  point  cannot  always  be  decided. 
Fractures  inflicted  during  life  are,  as  a  rule,  attended  with  more  extrava- 
sation of  blood  and  evidences  of  reaction  in  the  surrounding  tissues;  but 
fractures  produced  within  a  few  hours  after  death  may  resemble  these 
very  closely.  Usually  a  greater  degree  of  force  is  necessary  to  fracture 
bones  in  the  dead  than  in  the  living  body. 

Scars  and  Tattoo  Marks. — The  presence  and  character  of  cicatrices 
should  be  noticed.  Scars  produced  by  any  considerable  loss  of  substance 
may  become  very  much  smaller  and  less  conspicuous,  but  never  entirely 
disappear.  Slight  and  superficial  wounds,  however,  leave  marks  which 
may  not  be  permanent.  The  discoloration  produced  by  tattooing  may, 
although  it  rarely  does,  disappear  during  life. 

Internal  Examination.^ 

After  completing  the  external  inspection  of  the  body,  we  commence 
the  internal  examination.  In  order  that  this  examination  may  be  made 
both  thoroughly  and  rapidly,  we  should  follow  a  regular  method.  The 
method  should  be  such  as  will  enable  us  to  examine  the  relations  of  parts 
to  one  another,  without  seriously  disturbing  them,  and  to  remove  and 
inspect  the  organs  in  such  an  order  and  manner  as  will  not  interfere  with 
the  examination  of  parts  which  are  to  follow.  In  certain  cases  it  may 
be  necessary  to  depart  from  the  regular  method;'  but,  as  a  rule,  the 
following  plan  will  be  found  most  advantageous. 

It  is  important  to  remember  the  difference  between  the  distribution 
of  the  blood  in  the  body  during  life  and  after  death.     During  life  the 

*  For  sizes  and  weights  of  various  organs,  and  other  data,  see  Vierordt'a  "Anatom.  PhysioL  mwi 
Physikalische  Daten  u.  Tabellen,"  3d  ed..  1906.  For  a  study  of  the  weights  of  the  viscera  in  infaDCT 
and  childhood  see  Bovaird  and  Nicoll,  Arch,  of  Pediatrics,  vol.  xxiii.,  p.  641,  1906. 

'  Sometimes  the  thoracic  or  abdominal  viscera  or  both  together  may  wisely  be  taken  out  in  inaa*. 
See  for  advantages  of  this  method  HelUr,  Vierteljahrssch.  f.  gerichtl.  Med.,  Bd.  xxviL.  p.  110. 
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blood  is  in  constant  motion  and  is  distributed  in  a  regular  way  in  the 
heart;  capillaries,  arteries,  and  veins.  Inflammations  and  obstructions 
to  the  circulation  may  disturb  this  natural  distribution  and  produce  con- 
gestion of  particular  parts  of  the  body.  After  death  the  blood  ceases  to 
circulate;  it  leaves  the  left  cavities  of  the  heart,  the  arteries  and  capil- 
laries, and  collects  in  the  veins  and  the  right  cavities  of  the  heart.  Ac- 
cording to  the  character  of  the  disease  which  causes  death,  coagulation 
of  the  blood  takes  place  more  or  less  extensively  and  at  an  earlier  or 
later  period.  The  local  congestions  which  existed  during  life  often  dis- 
appear after  death.  On  the  other  hand,  local  congestions  are  found  after 
death  which  did  not  exist  during  life.  Thus,  after  death  the  scalp  often 
contains  a  large  amount  of  venous  blood.  The  veins  of  the  pia  mater 
and  the  sinuses  of  the  dura  mater  may  be  filled  with  blood.  The  mucous 
membrane  of  the  lar)mx  and  trachea  may  appear  to  be  deeply  congested. 
The  lungs  are  congested  if  the  patient  has  been  comatose  for  some  hours 
before  death.  All  the  tissues  of  the  back  and  the  membranes  of  the 
spinal  cord  are  often  gorged  with  venous  blood.  The  right  auricle  and 
ventricle  of  the  heart  may  contain  fluid  or  clotted  blood  in  considerable 
quantity. 

THE  HEAD. 

The  scalp  is  divided  by  an  incision  across  the  vertex,  from  ear  to  ear. 
The  flaps  are  dissected  forward  and  backward,  taking  up  the  temporal 
muscles  with  the  skin  and  leaving  the  pericranium  attached  to  the  bone. 
The  internal  surface  of  the  scalp  and  the  pericranium  are  to  be  searched 
for  ecchymoses  and  inflammatory  lesions. 

A  circular  incision  is  now  made  through  the  cranium  with  a  saw. 
The  incision  should,  in  front,  pass  through  a  point  about  three  and  one- 
half  inches  above  the  bridge  of  the  nose;  behind,  through  the  occipital 
protuberance.  Care  should  be  taken  not  to  cut  through  the  dura  mater 
with  the  saw.  When  the  roof  of  the  cranium  is  thus  entirely  loosened, 
a  stout  hook  is  introduced  under  the  upper  edge  of  the  calvarium,  and 
this  is  wrenched  oflf  with  a  jerk. 

Sometimes  the  dura  mater  is  so  firmly  adherent  to  the  calvarium  that 
the  latter  cannot  be  torn  from  it  without  injury  to  the  brain.  In  this 
case,  and  also  if  the  dura  mater  should  have  been  accidentally  cut 
through  by  the  saw  in  making  the  circular  incision,  the  dura  mater  may 
be  cut  through  at  the  level  of  the  cranial  incision,  and  the  brain  removed 
with  the  calvarium  and  separated  afterward.  Or,  which  is  better,  in 
addition  to  the  circular  incision,  a  longitudinal  incision  is  made,  from 
front  to  back,  about  three-quarters  of  an  inch  to  one  side  of  the  median 
line  of  the  skull,  and  a  segment  of  bone  removed.  The  knife  blade  may 
now  be  inserted  from  the  open  side,  and  the  dura  cut  away  from  the 
skull-cap  along  the  line  of  the  longitudinal  sinus,  where  the  adhesions  are 
apt  to  be  most  firm. 

We  should  notice  whether  or  not  the  calvarium  is  symmetrical.  The 
cranial  bones  increase  in  size  by  a  growth  of  bone  at  the  edges  of  the 
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sutures.  If  any  suture  becomes  completely  ossified  and  closed  prema- 
turely, the  bones  will  be  unequally  developed.  The  thickness  and  density 
of  the  cranial  bones  vary  considerably  within  the  limits  of  health.  There 
are  often  deep  depressions  on  the  inner  surface  of  the  skull  along  the 
sagittal  suture,  caused  by  the  pressure  of  the  Pacchionian  bodies  ,  and  of 
no  pathological  significance.  We  should  observe  the  blood  content  of 
the  bone,  determine  the  existence  or  absence  of  fractures,  inflammatory 
lesions,  exostoses,  etc. 

The  dura  mater  is  now  exposed.  It  is  more  or  less  adherent  to  the 
calvarium;  a  moderate  amount  of  adherence,  especially  in  old  persons, 
does  not  denote  disease.  Very  extensive  and  firm  adhesions  are  usually 
produced  by  inflammation.  Near  the  median  line  the  Pacchionian  bodies 
often  project  through  the  dura  mater  and  may  produce  indentations  in 
the  internal  surface  of  the  calvarium.  We  must  look  for  clots  and  for 
tumors  and  for  inflammatory  lesions  on  the  external  surface  of  the  dura 
mater.  The  longitudinal  sinus  should  be  laid  open  and  its  contents 
examined.  A  circular  incision  is  then  made  through  the  dura  mater  in  a 
line  corresponding  to  the  cranial  incision;  the  falx  is  divided  between 
the  anterior  lobes  of  the  brain,  and  the  entire  membrane  drawn  back. 
We  should  observe  the  existence  of  abnormal  adhesions  of  the  dura  mater 
to  the  pia  mater,  bearing  in  mind  that  a  moderate  amount  of  adhesion 
along  the  longitudinal  fissure  is  normal.  The  internal  surface  of  the 
dura  mater  is  to  be  examined  for  the  products  of  inflammation  and  for 
tumors. 

The  pia  mater  covering  the  convex  surface  of  the  brain  is  now 
exposed.  The  degree  of  congestion,  and  the  existence  of  serum,  pus,  or 
blood,  beneath,  within,  or  upon  it,  are  now  to  be  ascertained  before  the 
brain  is  removed.  The  pia  mater  in  old  persons  frequently  loses  its 
transparency  and  becomes  thick  and  white;  this  change  is  most  marked 
along  the  longitudinal  fissure  and  large  vessels.  Marked  and  general 
thickening  of  the  pia  mater  is  the  result  of  chronic  inflammation.  Along 
the  longitudinal  fissure,  and  sometimes  at  a  considerable  distance  from  it, 
we  usually  find  small,  elevated,  whitish  nodules,  which  are  the  Pacekio- 
nian  bodies  and  are  normal  in  the  adult. 

The  amount  of  serum  beneath  the  pia  mater  varies.  A  considerable 
amount,  especially  in  cachectic  persons,  may  exist  without  brain  disease. 
Clear  serum,  raising  the  pia  mater  and  separating  the  convolutions  of  the 
brain,  may  be  simply  dropsical  or  due  to  chronic  meningitis.  Turbid 
and  purulent  serum,  beneath  and  in  the  pia  mater,  is  due  to  acute  or 
chronic  meningitis.  The  degree  of  flatness  of  the  surface  of  the  convo- 
lutions should  be  observed  before  removing  the  brain;  for,  when  maiked, 
it  affords  an  important  indication  of  pressure,  from  bBemorrhage,  inflam- 
matory products,  internal  fluid  effusions,  and  tumors.  The  pia  mater 
should  be  carefully  examined  for  miliary  tubercles. 

The  Brain. — After  examining  the  convex  surface  of  the  brain,  the 
anterior  lobes  of  the  cerebrum  are  to  be  pulled  gently  backward,  the 
nerves,  vessels,  and  tentorium  severed,  and  the  medulla  cut  squarely 
across,  as  low  down  as  possible.     The  brain  is  now  removed  from  the 
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cranium  by  passing  the  fingers  of  one  hand  down,  beneath,  and  behind 
the  lobes  of  the  cerebellum,  and  drawing  the  brain  out,  supporting  the 
convexity  with  the  other  hand. 

The  adult  brain  in  the  male  weighs  on  the  average  about  1,400  grams; 
that  of  the  female,  about  155  grams  less.  The  average  proportional 
weight  of  the  brain  to  that  of  the  body  is  about  one-forty-fifth,  although 
in  this,  as  in  the  absolute  weight,  there  is  considerable  variation.^ 

The  exact  situation  of  any  lesion  which  is  apparent  externally  should 
be  described  by  its  relation  to  the  lobes,  fissures,  convolutions,  and  sulci 
(Fig.  678). 

The  brain  is  first  laid  upon  its  convex  surface,  and  the  anterior,  mid- 
dle, and  posterior  cerebral  arteries,  as  well  as  the  basilar  and  the  carotids, 


■^s* 


Fio.  678. — SiDB  View  of  the  Human  Brain,  Showinq  its  Fissures  and  Convolutions. 


are  to  be  examined  for  emboli,  thrombi,  atheroma,  and  aneurisms. 
Evidences  of  extravasations  of  blood,  tumors,  and  inflammatory  lesions 
are  now  to  be  looked  for.  The  brain  is  next  turned  over  on  to  its  base. 
An  incision  is  made  through  the  pia  mater,  over  the  convex  surface  of 
the  cerebrum.  The  membrane  is  stripped  up,  and  its  adherence  to  the 
brain  and  its  thickness  are  noted. 

The  more  common  method  of  opening  the  brain  is  as  follows:  The 
halves  of  the  cerebrum  are  to  be  separated  imtil  the  superior  surface  of 
the  corpus  callosum  is  exposed  (Fig.  679).  A  longitudinal  incision  is 
made  through  the  junction  of  the  corpus  callosum  and  the  cerebrum,  and 
downward  into  the  ventricle.  The  incision  should  be  made  carefully,  so 
as  not  to  cut  through  the  ventricle  into  the  ganglia  below.     The  incision 

1  For  a  study  of  ihe  weight  of  the  brain  at  various  ages  see  Handmanitt  Arch.  f.  Anat.  u.  Phsrs.. 
Anat.  Abth..  Jahig.  1906,  p.  1. 
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thus  made  through  the  roof  of  the  ventricle  is  prolonged  backwatxl  and 
forward  in  the  direction  of  the  comua,  so  as  to  expose  the  entire  vaitri- 
cle.  A  longitudinal  incision  is  then  made  outward  and  backward  into 
the  hemisphere,  from  the  outer  edge  of  the  lateral  ventricle  nearly  to 
the  pia  mater.  A  second  incision  ia  then  made  through  this  cut  surface 
outward,  and  this  is  repeated  until  the  hemisphere  is  divided  into  a 
number  of  long,  prism-shaped  pieces,  held  together  by  the  pia  tnater 


Fio.  6T9.— Mbthod  or  Ofbninq  TBI  Bbain.  Showino  tbb  Dibkctton  ot  Fibst  Isc™o^. 

and  a  small  portion  of  the  cortex.  The  brain  is  now  turned  around  so 
as  to  bring  the  other  hemisphere  under  the  hand,  and  the  operation  is 
repeated  on  the  other  side. 

The  size,  shape,  and  contents  of  the  ventricles  should  be  noticed,  and 
the  thickness  and  appearance  of  the  ependyma. 

The  fornix  and  the  central  portion  of  the  corpus  callosum  are  cut 
across  by  passing  the  point  of  the  knife  through  the  foramen  of  Munro 
and  cutting  upward.  They  are  then  drawn  backward,  one  of  the  pos- 
terior comua  of  the  fornix  being  severed  and  laid  to  one  side.    The 
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velum  interpoaitium  and  the  choroid  plexus  are  now  dissected  up,  the 
blood  contents  and  the  general  appearance  noted,  and  the  third  ventricle 
examined.  Not  infrequently  small  cysts  of  the  choroid  are  found,  which 
seem  to  have  little  or  no  pathological  significance. 

The  fourth  ventricle  is  now  opened  by  a  longitudinal  incision  through 
the  vermiform  process.  Each  hemisphere  of  the  cerebellum  is  divided 
first  into  two  parts,  by  an  incision  through  the  upper  and  inner  convex 
border,  and  then  each  segment  is  further  divided  by  incisions  in  the  same 
direction. 

Thin  transverse  sections  are  now  made  through  the  cerebral  ganglia, 
commencing  in  front  (Fig.  680),     The  ganglia  are  supported,  and  the  sec- 


camirra  of  tbe  CirI' 


tions  caused  to  fall  apart  as  they  are  cut,  by  carrying  the  fingers  of  one 
band  under  the  brain,  and  gently  lifting  the  ganglia  at  points  just 
beneath  where  the  sections  are  made.  It  is  important  to  observe  the 
exact  position  of  any  lesion  which  may  be  discovered  in  the  cerebral 
ganglia,  their  relations  to  the  external  and  internal  capsule  and  to  the 
caudate  and  lenticular  nuclei. 

Finally,  the  segments  of  the  cerebrum  and  cerebellum  are  folded  up 
together  into  their  original  positions,  the  whole  is  turned  over  on  to  the 
vertex,  and  thin  sections  are  made  through  the  medulla.  Small  clots  in 
the  medulla  should  not  be  overlooked. 

In  case  of  the  discovery  of  apoplectic  clots,  areas  of  softening,  etc., 
either  in  the  hemispheres  or  in  the  basal  ganglia,  after  their  location  and 
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extent  are  determined,  they  should  be  carefully  searched  for  lesions  of 
the  blood-vessels,  minute  aneurisms,  areas  of  degeneration,  and  rup- 
tures. For  this  purpose  it  may  be  necessary  to  allow  a  stream  of  water 
to  run  over  the  affected  portion,  so  as  to  wash  out  the  brain  substance 


FlO.    eSI.— SCHEUATIC  PlCTOHE    OP    BUMN.    SHOWING    THE    MeTHDB    OF  DlHBCTION    FHOll  TM    Bui 

(Meynerf*  method). 
£sn(l  F.  Temporal  lobrs  turned  backward  and  outwards  AB.  AC.  BD,  line  o[  incision  to  remote  b>al 

and  expose  the  vessels.     In  some  cases  the  blood-vessels  are  best  exposed 

by  macerating  the  brain  tissue  at  the  seat  of  the  lesion  for  some  hours 

in  water,  and  then  washing  out  the  brain  substance  under  the  faucet. 

While  the  above  mode  of  dissecting  the  brain  gives  a  very  complete 

view   of   the   seat   and  extent  of  lesions  in 

general,   when  a  more  exact  localization  of 

lesions  with  a  microscopic  examination  is  to 

be    made,    the    following — called   Meynert's 

method — is  a  better  method  of  opening  the 

brain: 

After   completing  the  external  examina- 
tion, as  detailed  above,  the  brain  is  laid  on 
its  vertex,  the  cerebellar  end  toward  the  oper- 
ator.    The  cerebellum  is  raised  by  the  finfers 
of  the  left  hand,  and  the  pia  cut  through  along 
the  sides  of  the  corpora  quadrigemina,  around 
Fio.  «82.— thb  bhaih  Axis      the  crura  and  along  the  inner  margins  of  the 
M^™s  s^vnouK^^      temporal  lobes,  to  the  middle  cerebral  artery 
on  both  sides  (Fig.  681).     Then,  raising  the 
temporal  lobes,  in  turn,  by  their  apices,  the  pia  is  cut  through  along  the 
course  of  the  middle  cerebral  artery  into  the  Sylvian  fissure,  and  ^on| 
the  course  of  its  posterior  branch  to  its  end.     Now,  drawing  the  temporal 
lobes  one  after  the  other  upward  and  outward,  their  junction  with  the 


MAKING    POST-MORTEM    EXAMINATIONS  997 

base  is  cut,  the  knife  being  held  horizontally  so  as  not  to  injure  the 
basal  ganglia  until  the  descending  horn  is  opened.  The  point  of  the 
knife  being  in  the  descending  horn,  the  incision  through  the  brain  sub- 
stance then  passes  outward  and  backward  well  into  the  posterior  horn, 
thus  partially  severing  the  lateral  surface  of  the  brain,  the  junction  of 
the  occipital  and  temporal  lobes.  The  temporal  lobes  are  then  turned 
outward  and  backward  (Fig.  68!). 

The  operculum  is  now  pulled  well  outward,  completely  exposing  the 
island  of  Reil,  and  a  slightly  curved  transverse  incision  is  made,  deep 
enough  to  pass  into  the  anterior  horns  of  the  ventricles,  connecting  the 
anterior  sulci  of  the  island  of  Reil  (Fig.  681,  A,  B). 


I.  083— The  Brain 


Now  raising  the  cerebellum  and  inserting  the  point  of  the  knife  into 
the  ventricle,  with  short  incisions  from  within  outward,  cut  through  the 
internal  capsule  on  either  side  from  back  to  front  (Fig.  681,  CA  and  DB), 
care  being  taken  not  to  injure  the  basal  ganglia.  Then  cut  across  the 
crura  of  the  fornix  and  the  septum  lucidum,  leaving  the  fornix  lying  on 
the  corpus  callosum. 

The  square  basal  piece  (Fig.  682)  thus  freed^ffte  brain  axis — includes 
the  island  of  Reil,  the  basal  ganglia,  the  crura,  pons,  medulla,  and 
cerebellum.  The  remaining  portion^(Ae  brain  mantle — ^includes  the 
convolutions,  corpus  callosum,  and  fornix  {Fig.  683). 

The  baaal  piece  may  be  further  examined  by  a  series  of  transverse 
incisions,  from  one-half  to  three-quarters  of  an  inch  apart,  and  it  may  be 
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hardened  either  with  or  without  the  cerebellum.  The  convolutions  may 
be  cut  into  small  pieces  by  longitudinal  and  transverse  incisions,  made 
from  within  and  not  reaching  quite  to  the  pia  mater,  which  willthen  serve 
to  hold  the  pieces  together  in  their  proper  relations  to  one  another.^ 

The  Base  of  the  Cranium. — We  now  return  to  the  skull.  The  re- 
maining sinuses  of  the  dura  mater  should  be  opened,  and  this  membrane 
then  entirely  stripped  from  the  bone.  The  bones  at  the  base  of  the  skull 
are  to  be  examined  for  fractures,  inflammatory  lesions,  and  tumors.  In 
cases  of  acute  purulent  meningitis,  the  temporal  and  frontal  bones  should 
be  carefully  examined,  as  the  inflammatory  process  is  sometimes  trans- 
mitted from  the  internal  ear,  or  mastoid  cells,  or  frontal  sinuses. 

The  eyes  may  be  removed  by  breaking  the  roof  of  the  orbit  with  a 
hammer,  removing  the  fragments  of  bone,  and  dissecting  away  bone  and 
muscles,  so  as  to  expose  the  optic  nerve  and  posterior  segment  of  the 
eye.  That  portion  of  the  globe  which  is  not  covered  by  conjunctiva  can 
now  be  cut  away  with  scissors  and  removed  with  the  optic  nerve,  or, 
when  permissible,  the  whole  eye  may  be  cut  out. 

The  examination  of  the  internal  ear  may  be  made  by  removing  its 
entire  bony  encasement  with  the  saw  and  chisel,  or  by  the  exposure  of 
special  parts  by  hammer  and  chisel,  and  by  suitable  opening  of  the  re- 
moved parts  with  a  fine  saw. 

Hardening  and  Pbeservation  of  the  Tissues  for  Microscopical  Examination. 

For  the  study  of  tumors  and  inflammatory  lesions  of  the  bones  of  the  skull  and 
ossifications  of  the  dura  mater  and  pia  mater,  the  affected  portions  should  be  cut  into 
small  pieces,  fixed  in  5-per-cent.  formalin  or  in  Orth's  fluid  (see  p.  1029),  and  decalci- 
fied. The  dura  mater  should  be  stretched  on  a  flat  piece  of  wood  or  cork  with  pins,  be- 
fore hardening.' 

The  pia  mater  is  so  delicate  that  if  it  be  separated  from  the  brain  when  quite  fresh 
its  tissues  are  apt  to  be  injured.  The  portions  of  the  pia  mater  which  are  to  be  pre- 
served should  therefore  be  removed  by  cutting  off  slices  of  the  brain  substance  about 
half  an  inch  thick,  with  the  membrane  still  attached,  and  placing  the  whole  in  Orth's 
fluid.  After  twenty-four  hours,  the  pia  mater  will  have  become  suflSciently  hard  to 
permit  of  its  being  stripped  off  without  injury,  and  it  is  then  spread  loosely  on  a  flat 
cork  with  pins,  the  free  surface  outward,  and  the  cork  floated,  specimen  side  down,  in 
80-per-cent.  alcohol,  changing  to  strong  alcohol  after  twenty-four  hours. 

When  sections  are  required  showing  the  pia  in  its  relationship  to  the  underlying 
brain  tissue,  small  blocks  of  the  brain  and  pia  together  should  be  cut  out  and  hardened 
in  Orth's  fluid  or  in  formalin  (10  :  100)  solution  (see  p.  1029). 

When  the  ependyma  is  to  be  studied  apart  from  the  associated  nerve  tissue,  it  may 
be  sliced  off  with  a  sufficient  quantity  of  underlying  brain  substance  to  prevent  its 
folding,  and  hardened  in  Orth's  fluid.  The  6rain,  for  general  purposes,  may  be  hard- 
ened in  Orth's  fluid,  or  in  5-per-cent.  formalin.  The  pieces  of  brain  tissue  should  not 
be  more  than  1  centimetre  thick ;  it  is  better  if  they  are  thinner  than  this.  They  should 
be  suspended  in  gauze  or  rest  upon  a  layer  of  absorbent  cotton  on  the  bottom  of  the 
jar,  the  pieces,  if  these  are  numerous,  being  held  apart  by  a  little  cotton.  Thus  the 
preservative  fluid,  which  should  be  abundant,  is  in  contact  with  the  surfaces  of  the 
pieces  of  tissue.  Ordinarily,  with  a  change  of  fluid  on  the  second  day,  the  fixation  by 
formalin  or  Orth's  fluid  is  complete  in  a  week,  when  the  fixatives  are  thoroughly 

1  For  further  details  of  this  method  of  opening  the  brain,  and  a  consideration  of  ita  advantages,  see 
Van  Gieson,  "Laboratory  Notes,"  etc.,  New  York  MedicalJoumal,  July  20th,  1889. 
>  For  details  of  the  methods  of  hardening,  decalcifying,  staining,  etc.,  see  p.  1029. 
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w^ashed  out  and  replaced  by  50-per-cent.  alcohol,  which,  in  turn,  is  replaced  after 
forty-eight  hours  by  80-per-cent.  or  by  95-per-cent.  alcohol. 

When  degeneration  in  nerves  is  to  be  studied,  the  specimens  of  nerve  tissue  may^ 
by  Marchi's  method,  be  hardened  for  a  week  in  Mtiller's  fluid,  and  then  transferred  to 
the  following  solution: 

Mtiller's  fluid 2  parts. 

Osmic  acid,  1  per  cent 1  part. 

After  a  week  the  specimens  are  washed  and  transferred  to  95-per-cent.  alcohol. 
In  such  specimens  the  fat  droplets  in  the  degenerate  areas  are  black,  while  the  myelin 
is  yellowish  in  color. 

Certain  lesions,  particularly  the  softenings  of  the  brain,  are  best  studied  by  teasing, 
when  fresh,  in  0.5  per-cent.  solution  of  sodium  chlorid,  or  in  frozen  sections  of  the 
fresh  tissue.  The  blood-vessels  may  be  stretched  on  cork  with  pins  and  hardened 
with  Orth's  fluid  or  formalin.  The  eye  and  portion  of  the  optic  nerve,  if  removed, 
should  be  fixed  by  Orth's  fluid  and  the  hardening  completed  by  alcohol. 

For  many  methods  of  fixation  and  study  which  are  useful  for  special  purposes,  we 
refer  to  special  works  on  technique. 

THE  SPINAL  CORD. 

The  examination  of  the  spinal  cord  is  usually  most  conveniently  made 
after  the  removal  of  the  brain. 

The  body  should  be  placed  face  downward,  with  a  block  under  the 
thorax  and  the  head  hanging  over  the  edge  of  the  table.  An  incision  is 
made  through  the  skin  and  muscles  along  the  entire  length  of  the  spine, 
and  the  soft  parts  are  dissected  away  on  each  side  so  as  to  expose  the 
laminae  of  the  vertebral  column.  The  laminae  are  then  divided,  close 
within  the  articular  processes,  with  the  saw. 

The  saw  should  be  so  directed  in  severing  the  laminae  that  the  inci- 
sion shall  touch  the  outer  border  of  the  spinal  canal,  as  otherwise  the 
laminae  and  spinous  processes  are  not  easily  separated.  Great  care 
should  be  taken  on  the  one  hand  not  to  injure  the  cord  with  the  saw, 
and  on  the  other  completely  to  loosen  the  portions  of  bone  to  be  removed. 
These,  which  are  the  spinous  processes  and  laminae,  are  now  torn  away 
together,  with  a  stout  hook,  exposing  the  cord. 

By  means  of  a  long,  curved  chisel,  made  for  this  purpose,  the  bodies 
of  the  vertebrae  may  be  removed  from  the  front  after  the  thoracic  and 
abdominal  viscera  are  taken  out,  and  the  cord  thus  exposed  and  re- 
moved. But  in  this  anterior  method  of  removing  the  cord,  as  well  as  by 
the  use  of  chisel  and  mallet,  bone-shears,  etc.,  in  the  ordinary  method, 
there  is  great  liability  of  injuring  the  delicate  tissues  of  the  cord  and 
producing,  as  Van  Gieson  has  shown,  ^  mechanical  alterations  which  are 
likely  to  be  mistaken  for  malformations  or  the  results  of  disease. 

When  the  body  has  lain  on  the  back,  the  membranes  of  the  cord  may 
be  found  considerably  congested,  without  indicating  the  pre-existence  of 
disease.  If  the  body  has  lain  for  some  time,  especially  in  warm  weather, 
serous  fluid  may  have  accumulated  within  the  membranes,  as  a  result  of 
post-mortem  change. 

*  Van  Gieson,  "A  Study  of  the  Artefacts  of  the  Nervous  System,"  New  York  Medical  Journal,  voL 
vi..  pp.  337,  365,  421,  1892. 
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The  roots  of  the  nerves  are  now  to  be  cut  across,  as  far  away  as  pos- 
sible from  the  cord,  and  the  cord  removed  in  its  membranes,  care  being 
taken  not  to  press  it  in  any  way.  It  is  the  safest  plan  not  to  grasp  the 
cord  itself,  but  with  a  forceps  to  seize  the  dura  mater  and  thus  lift  it  up 
at  once  as  it  is  freed  from  its  attachments.     It  is  now  laid  on  the  table, 


FlO.   684. — OUTLXNKS   OP   SCCTIONS   OP  THK   SpINAL  CoRD   at   DlPPERKlTT   LktkLS, 

Copies  of  these  outlines  may  be  used  for  memoranda  of  the  situation  of  lesions  of  the  spinal  eoid. 
/,  Second  cervical;  //,  fifth  cervical;  ///,  eighth  cervical;  IV,  first  dorsal;  V,  eighth  doraal;  17,  tkird 
lumbar;  VII,  fourth  sacral. 


and  the  dura  mater  laid  open  with  scissors  on  the  anterior  and  posterior 
surfaces  over  its  entire  length,  and  searched  for  tumors,  inflammatory 
lesions,  etc.  The  finger  should  be  passed  gently  along  the  cord  as  it  lies 
on  the  table,  so  as  to  detect  any  marked  softening  or  sclerosis.  The 
weight  of  the  spinal  cord  is  from  30  to  38  grams.  It  should  now  be  held 
lightly  over  the  fingers,  and  smooth  transverse  incisions  made,  with  a 
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very  sharp  knife  or  razor,  about  half  an  inch  apart  through  its  entire  sub- 
stance between  the  segments,  leaving  these  attached  to  the  pia  mater. 

The  segments  of  the  spinal  cord  are  those  parts  from  which  the  spi- 
nal nerves  arise,  and  it  is  convenient  for  the  location  and  description  of 
lesions  to  number  the  segments  in  correspondence  with  the  nerves  which 
arise  from  them,  and  to  indicate  on  outline  diagrams  of  the  cord  (Fig.  084) 
the  exact  seat  of  small  lesions. 

The  cut  surfaces  should  be  carefully  examined  for  abnormal  blood 
contents,  haemorrhages,  inflammatory  lesions,  softening,  scleroses,  and 
pigmentations.  Important  lesions  of  the  cord  may  be  invisible  to  the 
naked  eye,  and  hence,  if  disease  be  suspected,  the  organs  should  be  pre- 
served for  microscopical  examination.  The  spinal  ganglia  may  now  be 
removed  and  preserved  for  further  examination.  After  removal  of  the 
cord,  fractures  and  displacements  of  the  vertebrae  are  easily  recognized. 

Preservation  of  the  Spinal  Cord  and  Its  Membranes,  and  of  Peripheral 
Nerves. — After  the  removal  of  the  spinal  dura,  the  entire  cord  with  its  nerve  roots — 
the  segments  into  which  it  has  been  cut  for  gross  examination  being  left  in  place — 
should  be  laid  on  a  wad  of  absorbent  cotton  in  a  large  jar  of  Orth's  fluid  or  formalin, 
the  segments  being  slightly  separated  from  each  other  by  a  little  absorbent  cotton. 
Van  Gieson  recommends  the  careful  rolling  of  the  segmented  cord  into  a  loose  spiral 
and  laying  this  coil  on  a  wad  of  absorbent  cotton  in  the  fixative.  In  this  way  the  cut 
ends  of  the  segments  are  held  apart,  accessible  to  the  fluid,  and  harden  with  little 
distortion. 

The  hardening  and  preservation  of  the  cord  may  be  done  by  the  same  methods  as 
suggested  above  for  the  brain.  If  the  dura  mater  of  the  cord  alone  is  to  be  preserved, 
it  should  be  treated  in  the  manner  suggested  for  the  dura  mater  cerebralis.  The  pia 
mater  spinalis  is  best  studied  in  sections  through  the  entire  cord,  the  membranes  being 
left  in  situ. 

Peripheral  nerves  may  be  hardened  in  Orth's  fluid  or  in  formalin. 

For  the  hardening  of  the  peripheral  nerves,  osmic  acid  is  very  useful,  especially 
when  changes  in  the  myelin  are  to  be  sought  after.  As  osmic  acid  does  not  readily 
penetrate  the  lamellar  sheath  so  as  to  come  in  contact  with  the  nerve  fibres,  in  trunks 
of  any  considerable  size,  the  following  procedure,  as  suggested  by  Van  Gieson,  will  be 
found  useful :  A  piece  about  one-half  inch  long  is  cut  from  the  nerve  to  be  examined ;  one 
end  of  this  segment  is  held  with  a  forceps,  while  with  another  forceps  the  individual 
nerve  fibres,  or  small  clusters  of  these,  are  pulled  out  of  the  lamellar  sheath  and  put  at 
once  in  a  1-per-cent.  aqueous  solution  of  osmic  acid,  in  which  they  remain  twenty- 
four  hours,  and  are  then  washed  and  transferred  to  glycerin,  to  which  25-per-cent. 
alcohol  is  added.  In  this  mixture  they  may  be  preserved.  Marchi's  method  is  useful 
for  the  study  of  degeneration  in  peripheral  nerves. 

THE  THORAX  AND  ABDOlfEN. 

The  body  is  replaced  on  its  back,  and  a  single  straight  incision  is 
made  from  the  top  of  the  sternum  to  the  pubes,  passing  to  the  left  of  the 
umbilicus.  For  this  purpose  a  large  knife  should  be  used,  held  firmly 
in  the  whole  hand,  and  the  movement  should  be  mainly  from  the  shoul- 
der. The  first  incision  should  divide  everything  down  to  the  sternum 
and  peritoneum.  A  short  incision  should  then  be  made  through  the 
peritoneum,  just  below  the  ensiform  cartilage.  Into  this  opening  two 
fingers  of  the  left  hand  are  introduced  and  separated  from  one  another, 
and,  the  parietes  being  raised  and  the  sides  of  the  opening  being  held 


1002  MAKING    POST-MORTEM    EXAMINATIONS 

apart  by  the  fingers,  the  peritoneum  is  divided  to  the  pubes,  care  being 
taken  to  hold  the  knife  horizontally  so  as  not  to  cut  the  intestines.  The 
skin  and  muscles  are  then  dissected  off  from  the  thorax  on  both  sides  as 
far  back  as  the  false  ribs. 

This  dissection  should  be  made  by  long  sweeps  of  the  knife,  which 
should  be  made  to  cut  with  the  full  blade  and  not  with  the  point  only; 
and  if  the  skin  and  muscles  be  pulled  strongly  away  from  the  chest  with 
the  left  hand,  it  may  be  done  very  rapidly  and  with  a  few  strokes  of  the 
knife.  We  notice  here  the  amount  of  subcutaneous  fat  and  the  condi- 
tion of  the  muscles.  In  order  better  to  expose  the  abdominal  cavity,  the 
rectus  should  be  divided  transversely  beneath  the  skin  just  above  the 
pubes,  and  the  abdominal  flaps  may  then  be  turned  freely  outward. 

General  Inspection  of  the  Abdominal  Cavity. — We  first  notice  the  posi- 
tion and  general  condition  of  the  viscera.  It  is  best  at  this  stage  of  the 
examination  to  note  the  condition  of  the  vermiform  appendix,  and  to 
look  over  the  peritoneal  cavity  for  serum,  inflammatory  lesions,  evi- 
dences of  perforation,  and  for  the  existence  of  invagination,  incarcera- 
tion, and  herniae  of  the  intestines.  A  small  quantity  of  reddish  serum 
is  frequently  found  in  the  abdominal  cavity,  particularly  in  warm 
weather,  as  the  result  of  commencing  decomposition. 

It  should  be  remarked  here  that  various  striking  changes  in  the 
character  and  appearance  of  the  internal  organs  are  produced  by  putre- 
faction— changes  which  are  often  mistakenly  regarded  as  evidences  of 
disease,  and  much  experience  is  required,  in  judging  correctly  of  their 
significance.  These  changes  are,  in  general,  softening  and  discoloration, 
both  of  which  may  occur  as  the  result  of  disease.  It  may  be  said  in 
general  that  the  post-mortem  reddening,  or  hjrpostases,  are  most  marked 
in  the  more  dependent  parts  of  the  organs.  Post-mortem  softening  usu- 
ally affects  entire  organs,  not  being  limited  to  a  part,  as  is  often  the  ca^ 
in  disease.  Gray  or  grayish-brown  post-mortem  discolorations  are  apt 
to  appear  in  those  organs  or  parts  of  organs  which  lie  in  contact  with  the 
intestinal  canal.  Parts  of  internal  organs,  such  as  the  liver,  which  have 
been  the  seat  of  localized  congestion  during  life,  may  after  death  assume 
a  dark  greenish  color. 

The  omentum  is  usually  spread  over  the  surface  of  the  small  intes- 
tines, but  it  may  be  rolled  up  and  displaced  in  a  variety  of  ways,  or  may 
be  adherent  at  some  point  to  the  small  intestines  or  to  the  abdominal 
wall. 

The  surface  of  the  smMl  intestines  should  be  smooth  and  shining. 
They  may  be  greatly  distended  with  gas,  and  thus  so  completely  cover 
the  other  abdominal  viscera  that  it  becomes  necessary  to  let  out  some  of 
the  gas  by  a  small  puncture.  The  transverse  colon  passes  across  the 
abdomen  through  the  upper  part  of  the  umbilical  region.  It  may  be 
lower  than  the  umbilicus,  or  higher  up  against  the  liver  and  diaphragm; 
it  may  be  distended  with  gas  or  contracted. 

The  liver  is  situated  in  the  right  hypochondriac  and  epigastric  re- 
gions, filling  the  concavity  of  the  diaphragm.  Its  upper  border  reaches, 
in  the  linea  mammillaris,  to  the  fifth  intercostal  space;  in  the  linea  axil- 
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laris,  to  the  seventh  intercostal  space;  close  to  the  vertebral  column,  to 
the  tenth  intercostal  space.  At  the  median  line  the  upper  border  of  the 
liver  corresponds  to  the  lower  border  of  the  heart.  The  left  lobe  extends 
about  three  inches  to  the  left  of  the  median  line.  The  lower  border  of 
the  right  lobe  usually  reaches  to  the  free  border  of  the  ribs,  while  the 
left  lobe  is  visible  for  about  an  inch  below  the  ensiform  cartilage.  In 
women  the  liver  is  usually  lower  than  in  men. 

The  position  of  the  liver  is  affected  by  changes  in  the  thoracic  cav- 
ity, forcing  it  downward;  by  changes  in  the  abdominal  cavity,  forcing 
it  upward;  by  constriction  of  the  waist  in  tight  lacing,  forcing  it  either 
upward  or  downward;  by  changes  in  the  size  of  the  organ  itself.  The 
liver  may  not  only  be  displaced  downward,  but  dislocated  so  that  its 
convex  surface  faces  the  abdominal  wall  and  its  posterior  edge  is  turned 
upward  against  the  diaphragm. 

The  stomach  is  situated  in  the  left  hypochondriac  and  epigastric  re- 
gions, extending  also  into  the  right  hypochondrium;  it  lies  in  part 
against  the  anterior  wall  of  the  abdomen,  in  part  beneath  the  liver  and 
diaphragm,  and  above  the  transverse  colon.  Its  anterior  surface,  which 
is  directed  upward  and  forward,  is  in  contact  above  with  the  diaphragm 
and  the  under  surface  of  the  liver,  and  lower  down  with  the  abdommal 
wall  opposite  to  the  epigastric  region.  Its  posterior  surface  is  turned 
downward  and  backward,  and  rests  on  the  transverse  mesocolon,  the 
pancreas,  and  the  great  vessels.  To  its  lesser  curvature  or  upper  border 
are  attached  the  gastro-phrenic  ligament  and  the  gastro-hepatic  omen- 
tum. To  the  greater  curvature  or  lower  border  is  attached  the  gastro- 
colic omentum.  Its  cardiac  orifice  communicates  with  the  oesophagus, 
its  pyloric  end  with  the  duodenum. 

When  the  stomach  is  distended  the  greater  curvature  is  elevated  and 
carried  forward,  the  anterior  surface  is  turned  upward  and  the  posterior 
surface  downward.  When  distended  with  food  or  gas  the  organ  is  prom- 
inent; when  empty  it  may  hardly  be  visible  below  the  ribs;  when  the 
intestines  are  dilated  it  may  be  entirely  covered  by  them. 

Before  opening  the  thorax  the  hand  should  be  passed  up  against  the 
under  surface  of  the  diaphragm  on  either  side,  to  determine  its  height. 
According  to  Quain,  the  vault  of  the  diaphragm  rises,  in  the  dead  body, 
on  the  right  side  to  the  level  of  the  junction  of  the  fifth  rib  and  sternum, 
on  the  left  side  as  high  as  the  sixth  rib.  Both  the  relative  and  the 
absolute  height  of  the  diaphragm  vary  under  a  variety  of  pathological 
conditions. 

If  the  existence  of  air  or  gas  in  the  pleural  cavities  be  suspected,  the 
abdominal  cavity  should  be  filled  with  water  and  the  diaphragm  punc- 
tured below  the  level  of  the  fluid.  If  air  be  present,  it  will  escape  in 
bubbles  through  the  water. 

The  Thorax. 

We  now  leave  the  abdominal  viscera  and  proceed  to  the  examination 
of  the  thorax.     With  a  costotome  or  a  strong  knife  the  costal  cartilages 
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are  divided  close  to  the  ribs,  the  clavicles  are  disarticulated  from  the 
sternum,  and  the  latter  is  removed,  care  being  taken  not  to  wound  the 
large  veins.     We  first  examine  the  position  of  the  heart  and  lungs. 

The  Heart. — The  upper  border  of  the  heart  is  on  a  level  with  the 
third  costal  cartilage;  the  lower  border  extends  from  1.3  centimetres  be- 
low the  lower  end  of  the  sternum  to  the  fifth  left  intercostal  space.  The 
left  boundary  of  the  heart  is  situated  to  the  left  of  the  junction  of  the 
fifth  rib  with  its  costal  cartilage,  and  behind  or  to  the  left  of  a  vertical 
line  drawn  downward  from  the  left  nipple.  The  right  boundar>'  extends 
2.5  centimetres  to  the  right  of  the  right  edge  of  the  sternum.  The  por- 
tion of  the  heart  uncovered  by  the  lungs  is  of  an  irregular  quadrangular 
shape.  Its  lateral  diameter  is  from  8.3  centimetres  to  11.1  centimetres; 
its  upper  boundary  varies  from  the  level  of  the  second  costal  cartilage 
to  that  of  the  fifth,  but  it  is  usually  behind  the  third  or  fourth  cartilage 
or  fourth  space. 

The  area  of  the  heart  which  is  found  uncovered  will,  however,  vary 
much,  according  to  the  degree  to  which  the  lungs  collapse  after  opening 
the  chest.  Any  disease  which  diminishes  the  size  of  the  lungs,  or  pleu- 
ritic adhesions  which  retract  or  bind  them  down,  may  increase  the  area 
of  exposed  heart.  On  the  other  hand,  emphysema,  pneumonia,  or  any 
disease  which  increases  the  size  of,  or  retains  the  air  in,  the  lungs,  may 
diminish  the  area  of  exposed  heart.  The  exposed  area  varies  also  with 
the  size  of  the  heart  itself. 

The  pericardium  is  now  opened  by  a  slightly  oblique  incision  on  its 
anterior  surface.  The  existence  of  serous,  fibrinous,  or  purulent  exu- 
date, and  of  adhesions,  is  to  be  noted.  A  small  quantity  of  clear  serum 
exists  normally  in  the  pericardial  sac,  and  this  serum  may  be  blood- 
stained from  beginning  decomposition.  White  thickenings  of  the  peri- 
cardium on  the  surfaces  of  the  heart  are  often  seen;  they  do  not  indicate 
important  disease. 

Now  that  the  pericardial  sac  is  open,  the  position  of  the  heart  can  be 
clearly  seen.  It  lies  obliquely  in  the  chest,  its  long  axis  at  an  angle  of 
about  sixty  degrees  with  that  of  the  thorax.  The  portion  of  the  heart 
which  is  first  seen  is  the  anterior  surface  of  the  right  ventricle;  upward 
and  to  the  right  of  this  is  the  right  auricle,  which  lies  about  two-thirds 
on  the  right  of  the  sternum  and  about  one-third  behind  it.  Its  upper 
border  usually  corresponds  to  the  plane  of  the  middle  of  the  anterior 
end  of  the  second  intercostal  space  on  the  right  side.  Its  size  varies 
with  the  amount  of  blood  which  it  contains.  The  left  auricle  lies  behind 
the  root  of  the  pulmonary  artery,  so  that  only  its  appendix  is  visible. 
The  middle  of  the  auricle  corresponds  to  the  third  costal  cartilage.  Of 
the  left  ventricle  only  a  narrow  rim  is  seen,  on  the  left  side  of  the  righi 
ventricle.  The  pulmonary  valve  is  usually  entirely  or  in  part  on  the 
left  side  of  the  sternum,  behind  the  second  space  or  third  costal 
cartilage. 

The  aortic  valve  is  usually  at  the  level  of  the  third  cartilage  or  the 
third  space,  and  behind  the  left  two-thirds  or  half  of  the  stemuni.  The 
mitral  valve  is  oblique,  the  upper  end  of  the  left.     It  is  on  the  level  of 
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the  third  to  the  fourth  cartilage,  near  the  middle  of  the  sternum.  The 
tricuspid  is  oblique,  its  upper  end  to  the  left;  the  upper  end  is  at  the 
level  of  the  third  cartilage,  the  third  space,  or  the  fourth  cartilage. 
The  valve  is  opposite  the  middle  of  the  sternum. 

The  hand  should  now  be  passed  over  the  arch  of  the  aorta,  to  ascer- 
tain whether  or  not  an  aneurism  is  present.  The  heart  is  then  grasped 
at  the  apex,  raised  out  of  the  pericardium,  tilted  upward,  and  removed 
unopened  by  cutting  through  the  great  vessels  at  its  base.  It  is  advisable 
in  many  cases  to  remove  with  the  heart  the  arch  of  the  aorta  and  as  much 
as  is  practicable  of  the  associated  great  vessels.  In  some  instances, 
for  example  when  thrombosis  of  the  pulmonary  artery  is  suspected,  it  is 
well  to  remove  the  heart  and  lungs  together.^ 

One  may  gain  some  knowledge  of  the  suflSciency  of  the  aortic  and  pul- 
monary valves  if  the  heart  is  held  horizontally  by  both  auricles,  so  as 
not  to  pull  the  valves  open,  and  water  is  poured  into  the  aortic  and  pul- 
monary arteries.  One  observes  how  well  the  valves  support  the  column 
of  liquid.  To  ascertain  the  sufficiency  of  the  mitral  and  tricuspid  valves, 
the  auricles  are  first  laid  open  so  as  to  expose  the  upper  surfaces  of  the 
valves.  A  large  pipe  is  passed  through  the  aorta  or  pulmonary  artery 
beyond  their  valves,  and  a  small  stream  of  water  allowed  to  flow  into  the 
ventricles.  The  auriculo-ventricular  valves  will  be  swollen  upward,  and 
one  may  observe  their  degree  of  sufficiency.  The  tricuspid  valve  is 
normally  somewhat  insufficient.  These  water  tests,  however  carefully 
applied,  are  not  very  reliable,  since  under  the  most  favorable  conditions 
the  natural  bearings  of  the  valves  are  not  perfectly  preserved. 

To  ascertain  the-  size  of  the  different  valvular  openings,  we  introduce 
the  fingers,  held  flat  with  their  sides  in  contact,  into  each  of  the  orifices, 
and  then  measure  the  width  of  the  fingers  at  the  point  where  they  fill  the 
orifice.  In  this  way  we  find  that,  under  normal  conditions  in  the  adult, 
the  aortic  measures  about  2.5  centimetres,  the  mitral  valve  about 4.5 
centimetres,  the  pulmonary  about  3 . 1  centimetres,  the  tricuspid  about 
5  centimetres. 

In  order  to  examine  the  interior  of  the  heart,  one  first  makes  an  incision 
through  the  anterior  wall  of  the  left  ventricle  close  by  and  parallel  to 
the  septum,  and  reaching  to  the  apex  of  the  ventricle  (Fig.  685) .  Through 
this  opening  the  blade  of  the  enterotome  is  passed  up  into  the  aorta,  the 
pulmonary  artery  being  drawn  aside  with  the  fingers,  and  the  ventricle 
and  aorta  are  laid  open  (Fig.  685) .  With  a  little  care  the  incision  may  be 
made  to  pass  through  one  of  the  points  of  junction  of  the  aortic  valves. 

The  auricles  and  ventricles  may  be  empty,  or  may  contain  fluid  blood 
or  the  so-called  heart  clots.  These  heart  clots  are  of  two  kinds — those 
which  are  formed  some  time  before  death,  and  those  which  are  formed 
during  the  last  hours  of  life  and  after  death.  The  clots  which  are  formed 
some  time  before  death  are  usually  associated  with  organic  disease  of  the 
heart,  especially  with  dilatation  of  the  ventricles.     They  are  firm,  dry, 

1  The  opening  of  the  heart  in  situ  is  recommended  by  many,  but  we  are  of  the  opinion  that  if  care 
t>e  exercised  in  the  removal  of  the  oi^gan  from  the  body  and  a  sufficient  portion  of  the  great  vessels 
at  the  base  be  included  there  is  little  risk  of  premature  disturbance  of  thrombi,  etc.,  on  the  valves,  while 
^he  examination  of  the  interior  may  be  much  more  thoroughly,  conveniently,  and  safely  done. 
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and  of  whitish  color;  they  may  be  iofiltrated  with  the  salts  of  lime. 
They  are  free  in  the  cavities  of  the  heart,  or  entangled  in  the  trabecule, 
or  firmly  adherent  to  the  endocardium.  They  are  usually  composed  of 
coagulated  fibrin,  blood  platelets,  leucocytes,  and  red  blood  cells,  and  are 
often  lamellated.     The  clots  which  are  formed  during  the  last  hours  of 


life  and  after  death  are  red,  yellow,  or  white.  They  may  be  soft  or  suc- 
culent or  quite  firm.  They  may  be  free  in  the  heart  cavities,  or  be 
adherent  to  the  trabeculie,  or  extend  into  the  large  vessels.  They  a« 
usually  most  constant  and  of  largest  size  in  the  right  auricle  and  ven- 
tricle. Such  clots  may  be  formed  within  two  hours  after  death.  Clo*s 
of  this  character  are  common.     If,  then,  the  blood  coagulates  in  the  heart 
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within  twenty-four  hours  before  death,  this  coagulum  may  not  be  dis- 
tinguishable from  the  ordinary  post-mortem  clots.  If  it  is  supposed, 
therefore,  that  a  person  dies  from  heart  clot  developed  a  few  hours  before 
death,  the  proof  of  this  must  be  derived  largely  from  the  clinical  symp- 
toms, and  not  from  the  autopsy. 

The  condition  of  the  aortic  valves  and  of  the  endocardium,  and  the 
thickness  and  appearance  of  the  walls  of  the  left  ventricle,  papillary 
muscles,  chordse  tendineee,  etc.,  are  now  noticed. 


Fio.  680. — Hbast  OraHBD.  EiPOSiNa  thb  Aortic:  Valves. 

The  right  ventricle  is  now  opened  by  an  incision  through  its  anterior 
wall,  close  to  the  septum  (Fig.  685),  and  examined  in  the  same  way. 
The  endocardium  of  the  upper  part  of  the  left  ventricle  is  sometimes 
thick  and  white,  without  the  existence  of  valvular  lesions  or  clinical 
history  of  disease.  The  endocardium  and  valves  are  often  stained  red, 
particularly  in  warm  weather,  by  imbibition  of  coloring  matter  of  the 
blood,  set  free  by  decomposition.  This  discoloration  is  especially 
marked  in  eases  of  infection  with  Bacillus  aerogenes  capsulatus. 

To  complete  the  examination  of  the  cavities  the  enterotome  is  passed 
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into  each  auricle,  carried  down  into  the  corresponding  ventricle,  and  an 
incision  made  along  the  outer  border  of  both  auricle  and  ventricle  to  the 
apex  of  the  latter.  In  this  way  the  auriculo-ventricular  valves  are  com- 
pletely exposed.  The  coronary  arteries  should  be  opened  through  all 
their  main  trunks,  with  fine  probe-pointed  scissors,  and  carefully  ex- 
amined for  marks  of  inflammation,  emboli,  thrombi,  etc. 

In  cases  of  Stokes- Adams'  disease  look  for  lesions  involving  the  auric- 
ulo-ventricular bundle  of  His.^  For  this  purpose  the  heart  should  be 
opened  according  to  the  subjoined  diagram,  as  suggested  by  Oppen- 
heimer'  (Fig.  687). 


SUP.  VENA  CAVA 


PULFi.ART. 


FT  VENT. 


INF.  VENA  CAVA 


Fio.  687. — Special  Incision  for  Opening  Heart,  in  Ordkr  to  avoid  Injcrt  to   Condcctlxs 

System. 


After  removing  the  blood,  the  heart  should  be  finally  weighed.  The 
normal  average  weight  of  the  heart  in  adults  is,  according  to  an  estiinat« 
of  H.  D.  Arnold,'  in  males  about  290  grams;  in  females  about  260  grams. 

The  weight  of  the  heart  relative  to  that  of  the  body  is  m  males  about 
1  :  158  to  178;  in  females,  about  1  :  149  to  176.  According  to  Buhl,  the 
average  thickness  of  the  wall  of  the  left  ventricle  at  about  the  middle  of 
the  cavity  is  from  1.6  centimetres  to  1.7  centimetres;  of  the  right  ven- 
tricle, from  0.4  to  0.6  centimetre. 

The  size  of  the  heart,  speaking  generally,  corresponds  to  the  size  and 

*  See  Erlanger,  Jour.  Exp.  Med.,  vol.  viii.,  p.  8,  1906. 
^Oppenheimer,  Jour.  Amer.  Med.  Assd.,  1912,  lix,  937. 

*  Arnold,  "  Obsenrationa  on  the  Weight  of  the  Normal  Heart  in  Adults,  in  Two  Hundred  aad 
Sixteen  Caaes."     Reports  of  the  Boston  City  Hospital,  tenth  series,  1899,  p.  83. 
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the  development  of  the  individual.  In  judging  of  an  increase  or  de- 
crease in  its  size  we  must  consider  the  weight  of  the  organ  and  the  thick- 
ness of  its  walls.  If  the  person  die  while  the  heart  is  contracted,  the 
walls  of  the  ventricles  will  appear  thicker,  their  cavities  smaller  than 
usual.  ^  If  he  die  of  some  exhausting  disease  like  typhoid  fever,  or  if 
decomposition  have  commenced,  the  heart  walls  will  usually  be  flabby 
and  the  cavities  will  appear  larger  than  usual. 

Preservation  of  Specimens. — ^Parenchymatous  and  fatty  degeneration  of  the 
heart  may  be  studied  microscopically  by  teasing  the  fresh  muscle  in  0.85-per-cent. 
salt  solution,  or  by  examining  in  the  same  solution  fresh  sections  made  with  the 
freezing  microtome,  or  by  hardening  small  pieces  of  the  muscle  in  1-per-cent  osmic 
acid  and  teasing  in  equal  parts  of  glycerin  and  water. 

When  lesions  of  the  conducting  system  are  to  be  studied  the  whole  heart  should 
be  fixed  for  forty-eight  hours  in  warm  Orth's  fluid  or  four-per-cent.  formaldehyde. 
AVhen  the  presence  of  bacteria  is  suspected  cultures  should  be  made  and  the  tissues 
should  be  preserved  in  strong  alcohol. 

The  pleural  cavities  are  next  examined.  The  hand  is  passed  into 
each,  and  the  existence  of  serous  or  fibrinous  exudation  or  of  old  adhe- 
sions ascertained.  The  method  of  detecting  the  presence  of  air  has  been 
given  above.  After  the  commencement  of  putrefaction  reddish  serum 
may  accumulate  in  the  pleural  cavities.  This  should  not  be  mistaken 
for  the  result  of  disease. 

The  Lxings. — Each  lung  is  lifted  up  in  turn,  the  vessels,  etc.,  at  its  base 
are  divided,  and  the  organ  is  removed.  If  the  pleura  is  very  adherent  it 
is  better  to  strip  oflF  the  costal  pleura  with  the  lung.  After  inspecting 
the  external  surface  of  the  lung,  observing  its  size,  shape,  color,  and  con- 
sistence, and  the  condition  of  the  bronchial  lymph-nodes,  the  bronchi 
are  opened  with  scissors  having  long,  narrow,  blunt-pointed  blades,  one 
blade  a  little  longer  than  the  other.  The  lung  is  held  in  the  left  hand 
with  its  l)ase  upward,  the  large  bronchi  which  run  on  the  inner  side  of 
the  lower  lobe  being  first  opened,  afterward  those  of  the  upper  lobe. 
Each  bronchus  should  be  followed  to  its  smaller  ramifications. 

We  should  observe  the  contents  of  the  bronchi  and  the  appearance  of 
their  walls.  In  the  larger  and  medium-size  bronchi  the  cartilages  in 
their  walls  do  not  form  complete  rings,  but  appear  shining  through  the 
mucous  membrane  like  irregular  white  patches.  This  appearance  should 
not  be  mistaken  for  a  pathological  change.  In  bodies  which  have  been 
dead  for  some  time,  especially  in  cold  weather,  the  bronchial  mucous 
membrane  may  be  red  and  swollen  as  a  post-mortem  change.  The 
contents  of  the  stomach  are  sometimes  forced,  after  death,  into  the 
pharynx,  and  thence  find  their  way  into  the  trachea  and  bronchi,  giving 
them  a  peculiar  reddish  and  even  gangrenous  appearance.  Bronchitis 
does  not  always  leave  lesions  which  can  be  seen  after  death.  The  large 
vessels  should  now  be  examined  for  thrombi,  emboli,  or  other  lesions. 

After  the  examination  of  the  bronchi  the  lung  is  turned  over,  the 
vessels,  etc.,  at  its  root,  are  grasped  with  the  left  hand,  and  a  long,  deep  in- 

1  For  method  of  determining  hypertrophy  of  the  heart  see  ref.  to  Muller,  p.  554. 
64 
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cision  is  made  from  apex  to  base.  We  observe  the  appearance  and  tex- 
ture of  the  lungs,  whether  the  air  vesicles  are  dilated  (emphysematous)  or 
filled  with  serum,  blood,  or  inflammatory  exudation.  Fluid  can  be 
pressed  out  of  the  air  vesicles  without  breaking  down  the  lung  tissue. 
Solid  inflammatory  exudation,  on  the  other  hand,  renders  the  lung  more 
resistant  and  easily  broken  down.  Attention  should  be  paid  to  the  ooz- 
ing of  purulent  or  other  fluid  from  the  smaller  bronchi  when  the  lung 
is  squeezed  near  the  cut  surface.  It  is  the  rule  to  find  the  lower  lobes 
more  congested  than  the  upper. 

Preservation  of  the  Lungs  and  Bronchi. — If  the  lungs  have  been  cut,  small 
pieces  from  the  affected  portions  of  lung  tissue  or  bronchi  should  be  hardened  in  Orth's 
fluid,  care  being  taken  not  to  squeeze  or  handle  them  unnecessarily.  It  is  better, 
when  the  microscopical  examination  is  more  important  than  the  macroscopical,  not  to 
open  the  lungs  at  once,  but  to  fill  the  air  spaces  with  preservative  fluid  by  means  of  a 
funnel  attached  to  a  short  rubber  tube  and  cannula,  which  is  tied  into  the  main  bron- 
chus. In  this  way  not  only  are  the  minute  structures  better  preserved,  but  the  air 
vesicles  are  filled  out  and  hardened  in  an  approximately  natural  condition.  Care 
should  be  taken  not  to  have  too  great  a  pressure  from  the  inflowing  fluid,  since  then 
exudations  might  be  displaced  or  the  lung  distorted  or  ruptured.  While  the  lung  is 
being  filled  it  should  be  immersed  in  a  vessel  of  the  same  preservative  fluid,  in  which, 
after  closing  the  cannula  or  ligating  the  bronchus,  it  lies  for  twenty-four  hours.  It  is 
then  cut  into  small  pieces  and  the  hardening  completed  For  the  display  of  certain 
gross  lesions,  such  as  tuberculous  and  other  cavities  of  the  lungs  and  bronchi,  tumors, 
etc.,  the  lungs  filled  in  this  way  are  opened  by  an  incision  along  the  posterior  surface 
from  apex  to  base  and  hung  in  jars.  For  this  purpose  5-per-cent.  formaldehyde  solu- 
tion may  be  used  for  both  fixation  and  preservation  in  the  jars.  A  variety  of  harden- 
ing agents  may  be  used:  Orth's  fluid  or  formalin  solution  (10  :  100)  is  on  the  whole  the 
best.  If,  however,  the  lung  is  commencing  to  decay,  strong  alcohol  will  stop  the  proc- 
ess most  quickly  and  give  as  good  results  as  are  possible  under  the  circumstances 
Alcohol  should  be  used  when  the  lungs  are  to  be  examined  for  bacteria. 

It  is  often  desirable,  and  particularly  in  cases  in  which  the  topography  of  lesions  is 
to  be  studied,  as  in  acute  miliary  tuberculosis,  acute  and  chronic  phthisis,  infarctions, 
etc.,  to  inject  the  blood-vessels  with  colored  gelatin.  The  lung  should,  after  the  injec- 
tion, be  hardened  in  alcohol. 

The  Pharynx,  Larynx,  (Esophagus,  and  Thyroid  Gland. — For  the  re- 
moval of  these  parts  the  incision  through  the  skin  should  be  carried 
upward  as  far  as  practicable — when  permissible,  to  a  point  1  inch  be- 
low the  chin,  the  head  being  allowed  to  hang  backward  over  the  edge  of 
the  table. 

The  soft  parts  are  dissected  from  the  larynx,  taking  care  not  to  cut 
the  thyroid  body,  and  an  incision  is  made  through  the  floor  of  the 
mouth,  following  the  internal  surface  of  the  inferior  maxilla.  Through 
this  incision  the  fingers  are  introduced  into  the  mouth,  the  tongue  is 
drawn  down,  the  posterior  wall  of  the  pharynx  is  divided  above  the  tonsils, 
and  the  tongue,  pharynx,  and  larynx  are  drawn  out  together.  These 
organs  are  then  pulled  downward,  and  with  the  aid  of  the  knife  the  trachea 
and  oesophagus  are  removed  entire,  the  oesophagus  being  cut  just  above 
the  stomach.  If  the  contents  of  the  stomach  are  to  be  preserved,  as  in 
cases  of  suspected  poisoning,  a  ligature  is  put  around  the  oesophagus  just 
below  the  point  at  which  it  is  to  be  cut  off. 
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With  the  enterotome  the  pharynx  and  cesophagus  are  now  slit  open 
upon  their  posterior  surfaces.  The  mucous  membrane  thus  exposed  is 
examined  for  evidences  of  caustic  poisons,  of  inflammation,  tumors, 
strictures,  varices,  etc.  The  enterotome  is  next  introduced  into  the 
larynx,  and  this  organ  and  the  trachea  are  laid  open  along  the  poste- 
rior wall.  .  Here  we  look  for  oedema  of  the  aryteno-epiglottidean  folds 
(oedema  of  the  glottis),  for  evidences  of  catarrhal,  croupous,  ulcerative, 
and  syphilitic  inflammation,  and  for  tumors  and  lesions  of  the  laryngeal 
cartilages.  CEdema  and  redness  of  the  larynx  may  result  from  post-mor- 
tem changes,  especially  in  bodies  which  have  been  kept  for  several  days 
in  cold  weather.  A  well-marked  oedema  glottidis  during  life  may  leave 
no  trace  after  death.  Putrefactive  changes  usually  commence  early  in 
the  larynx  and  trachea. 

The  thyroid  gland  is  dissected  off  and  examined.  Its  weight  varies 
considerably,  being,  according  to  Krause,  somewhat  over  30  grams. 

Preservation  op  the  Pharynx,  Larynx,  Trachea,  Etc. — These  structures  are 
freed  from  superfluous  tissue  and  suspended  entire  by  a  thread  in  a  large  quantity  of 
Orth's  fluid  or  Flemming's  osmic-acid  mixture,  after  which  the  hardening  is  completed 
in  the  usual  way.  The  oesophagus  should  be  stretched  loosely  on  sheet  cork  with  pins, 
and  hardened  in  either  of  the  above  fluids.  The  thyroid  may  be  cut  into  small  pieces 
and  similarly  hardened. 

The  Abdomen. 

Returning  now  to  the  abdominal  cavity,  we  first  dissect  oflF  the  omen- 
tum. Tubercles  of  the  peritoneum  may  be  best  seen  in  the  omentum. 
The  colon  is  then  raised  and  dissected  free,  to  the  caecum  on  one  side  and 
to  the  rectum  on  the  other.  The  colon  and  small  intestines  are  then 
drawn  first  to  the  right  and  then  to  the  left  side,  so  as  to  expose  in  turn 
the  right  and  left  kidneys.  As  each  kidney  is  brought  into  view  an  in- 
cision is  made  through  the  peritoneum  over  the  track  of  the  ureter.  The 
ureter  is  followed  through  its  entire  length  and  its  condition  ascertained. 

Sometimes  one,  more  rarely  all,  of  the  abdominal  viscera  are  un- 
usually movable,  owing  to  a  relaxation  of  their  ligamentous  or  other  sup- 
ports. This  condition — enteroptosis — is  common  in  the  liver,  more  fre- 
quent in  the  spleen,  and  especially  so  in  the  kidneys.  It  has  been 
occasionally  described  in  the  stomach  and  intestines. 

The  Kidneys. — These  organs  are  now  removed,  the  peritoneum  and 
fat  being  separated  from  them  with  the  hand,  and  the  vessels  being  di- 
vided with  the  knife.  The  adrenals,  at  the  upper  end  of  each  kidney, 
are  removed  at  the  same  time.  The  kidneys  may  be  softened  by  putre- 
faction, or  the  surface  may  have  a  greenish  gray  color,  caused  by  the 
post-mortem  action  of  putrefactive  gases  on  the  haemoglobin. 

An  incision  is  made  through  the  capsule  along  the  convex  border  of 
the  kidney,  and  the  membrane  stripped  off.  We  notice  the  degree  of 
adherence  of  the  capsule  to  the  kidney,  and  also  the  surface  of  the  latter, 
whether  smooth  or  roughened,  pale,  congested,  or  mottled;  an  incision 
is  made  along  the  convex  surface  down  to  the  pelvis,  so  that  the  organ 
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is  divided  into  halves.  We  observe  the  relative  thickness  of  the  cortical 
and  pyramidal  portions,  as  well  as  the  size  of  the  entire  organ.  To  as- 
certain the  latter  point,  it  is  well  to  weigh  each  kidney;  the  normal 
weight  is  from  130  to  150  grams.  The  left  kidney  is,  according  to  Orth, 
from  five  to  seven  grams  heavier  than  the  right.  At  from  twenty  to 
thirty-five  years  of  age,  according  to  Thoma,  the  weight  of  the  heart  is  to 
the  weight  of  both  kidneys  as  1 : 1 . 1.  The  weight  of  the  kidneys  of  adults 
is  given  by  Vierordt  in  general  as  about  0 .  48  per  cent,  of  that  of  the  entire 
body. 

It  is  necessary  to  remember  that  in  a  kidney  which  is  much  atrophied 
there  may  be  an  increase  of  fat  in  the  pelvis,  which  gives  the  organ 
nearly  its  normal  size  and  weight,  while  the  kidney  tissue  proper  may 
have  in  great  measure  disappeared. 

We  now  inspect  the  kidney  tissue  more  closely,  especally  the  cortical 
portion.  The  pyramids  consist  largely  of  tubes  running  in  nearly 
straight  lines  from  the  apex  to  the  base  of  each  pyramid.  These  straight 
tubes  pass  from  the  pyramids  into  the  cortex  in  bundles,  called  medul- 
lary rays,  many  of  them  retaining  their  straight  course  until  they  nearly 
reach  the  surface  of  the  kidney.  These  straight  tubules  send  off  branches 
on  all  sides  of  the  rays,  which  become  convoluted,  form  Henle's  loops, 
and  finally  terminate  in  the  glomeruli  or  Malpighian  bodies.  In  this 
way  the  cortex  of  the  kidney,  as  seen  in  section,  is  divided  into  alternate 
bands  of  straight  tubes,  and  convoluted  tubes,  with  glomeruli;  both  sets 
of  bands  being  perpendicular  to  the  surface  of  the  kidney,  and  called  re- 
spectively medullary  rays  and  labyrinths.  About  the  convoluted  tubules 
and  glomeruli  is  a  rich  venous  plexus;  and  since  after  death  the  blood 
usually  remains  in  this  plexus  and  in  the  glomeruli,  the  bands  containing 
the  convoluted  tubules,  i.e.,  the  labyrinths,  usually  appear  red,  while  the 
medullary  rays  are  grayish  white.  In  a  normal  kidney,  therefore,  the 
cortex  should  be  regularly  striped  in  narrow  alternating  red  and  whitish 
bands. 

The  average  thickness  of  the  cortex  of  the  kidney  is  from  four  to  six 
millimetres. 

If  there  be  extensive  congestion,  the  entire  cortex  is  red.  If  the  epi- 
thelium of  the  tubules  degenerates  and  fills  them  up,  or  if  there  are  cx)n- 
siderable  changes  in  the  interstitial  tissue,  the  regular  bands  are  lost  and 
the  cortex  is  irregularly  mottled.  If  the  tubular  epithelium  becomes 
filled  with  fat  globules,  this  is  indicated  by  an  opaque  yellow  color  of  the 
affected  parts;  in  many  cases,  therefore,  the  existence  of  a  kidney  lesion 
can  be  recognized  with  the  naked  eye. 

If  waxy  degeneration  be  present  to  a  marked  extent,  it  may  be  mani- 
fest by  a  peculiar  translucent  appearance  of  the  affected  parts,  but  in 
most  cases  it  is  necessary  to  apply  reagents  to  demonstrate  it  satisfac- 
torily. The  cut  surface  of  the  kidney  is  washed  with  water,  to  free  it 
from  blood,  and  repeatedly  brushed  with  an  aqueous  solution  of  iodin 
(iodin  1  part,  potassium  iodid  3  parts,  water  100  parts).  The  glo- 
meruli and  the  blood-vessels  are  most  frequently  affected,  and,  if  so,  the? 
may  appear  as  mahogany-colored  dots  and  lines  on  a  yellow  ground. 
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But  this  reaction  is  not  constant,  and,  for  accurate  detection  of  amy- 
loid substance,  recourse  should  be  had  to  other  reagents  applied  to  sec- 
tions of  the  hardened  tissues  (see  p.  50). 

The  pelvis  of  the  kidney  should  be  examined  for  inflammatory  lesions 
and  calculi.  Sometimes  a  whitish  fluid  is  seen  in  the  pelvis  and  can  be 
squeezed  from  the  papillse;  this  is  produced  by  a  post-mortem  desqua- 
mation of  the  epithelium,  but  is  likely  to  be  mistaken  for  pus. 

Preservation  op  the  Kidney. — If  the  kidney  be  not  opened,  the  blood-vessels 
may  be  injected  through  the  renal  artery,  slowly  and  under  a  low  pressure,  with  Orth's 
fluid  or  Flemming's  osmic-acid  mixture.  After  the  vessels  are  filled  with  either  of  the 
above  fluids,  they  are  tied,  and  the  entire  organ  is  placed  in  a  large  quantity  of  the 
injecting  fluid  for  twenty-four  hours.  The  kidney  is  then  cut  into  small  pieces,  and 
the  hardening  is  completed  in  the  usual  way. 

In  most  cases,  however,  the  kidneys  will  have  been  opened  for  inspection  at  the 
autopsy.  Then  small  pieces  are  removed  from  the  various  regions  and  hardened  in 
the  above  fluids. 

Kidneys  which  are  to  be  examined  for  the  presence  of  bacteria  should  be  cut  into 
small  pieces  and  placed  at  once  in  strong  alcohol,  which  should  be  changed  once  or 
twice,  and  in  which  they  are  permanently  preserved. 

The  Adrenals — Suprarenal  Capsules. — ^These  are,  in  the  fcetus,  of  an 
ovoidal,  in  the  adult,  of  a  triangular  shape.  They  are  situated  at  the 
upper  and  inner  border  of  the  kidney,  to  which  they  ^re  loosely  attached 
by  connective  tissue.  On  the  anterior  surface  is  an  irregular  fissure, 
called  the  hilus,  from  which  the  veins  emerge.  The  size  of  the  adrenals 
varies  considerably,  but  in  the  adult  the  average  vertical  diameter  is  from 
3.2  cm.  to  4.5  cm.,  the  transverse  diameter  about  3.2  cm.,  and  they  are 
from  4 . 2  mm.  to  6 . 4  mm.  in  thickness.  They  weigh  in  the  adult  from  4 
to  8  grams.  They  are  relatively  larger  in  children  than  in  adults.  They 
are  composed  of  a  cortical  and  a  medullary  portion,  the  cortex  forming  a 
yellowish  shell  around  the  dark  red  or  brown  medulla.  They  are  en- 
closed in  a  connective-tissue  capsule,  from  which  fibrous  processes  extend 
inward,  dividing  the  gland  into  a  series  of  irregular  chambers.  Those  in 
the  cortex  are  mostly  elongated,  giving  this  portion  a  striated  appear- 
ance,  while  those  in  the  medulla  are  polyhedral.  It  is  in  these  spaces 
that  the  parenchyma  cells  lie.  The  adrenals  readily  decompose;  the 
inner  layer  of  the  cortex  may  soften  and  break  down,  so  that  the  outer 
zone  forms  a  sort  of  cyst  filled  with  reddish  brown  broken-down  sub- 
stance. Hypertrophy,  tuberculosis,  and  cheesy  degeneration,  fatty  de- 
generation, and  tumors  are  to  be  looked  for. 

Preservation. — The  adrenals  should  be  hardened  in  Orth's  fluid  or  in  strong 
alcohol. 

The  Spleen. — This  organ  has,  when  removed  from  the  body,  the  gen- 
eral shape  of  a  flattened  ellipsoid,  most  curved  on  its  external  and  pos- 
terior surface.  It  is  situated  in  an  oblique  position  on  the  left  side  of 
the  stomach,  and  between  its  cardiac  end  and  the  diaphragm.  The 
vessels  are  given  off  from  its  inner  surface,  which  is  crossed  by  a  more 
or  less  well-marked  vertical  ridge.     The  point  of  emergence  of  the  vessels 
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is  called  the  hilus.  Its  long  diameter  extends  from  the  seventh  inter- 
costal space  to  the  eleventh  rib.  Its  upper  portion  is  separated  from  the 
ribs  by  the  lungs;  its  lower  portion,  by  the  diaphragm. 

It  is,  according  to  Vierordt,  on  the  average,  from  12  to  13  cm.  long; 
from  7  to  8  cm.  broad,  and  about  3  cm.  thick.  Its  average  weight  is 
about  171  grams.  The  dimensions  of  the  spleen  as  given  by  Erause  are 
somewhat  greater  than  the  above.  But  its  measurement  and  weight 
vary  considerably  within  the  limits  of  health.  It  is  in  these  respects 
the  most  variable  organ  in  the  body.  In  old  age  the  average  weight 
gradually  diminishes. 

The  spleen  is  enclosed  in  a  fibrous  capsule  covered  with  peritoneum. 
The  parenchyma  is  formed  of  blood-vessels  and  fibrillar  connective  tissue, 
and  of  a  soft,  dark  red  pulp  in  which  are  embedded  whitish  spheroidal 
or  elongated  bodies,  the  glomeruli,  or  Malpighian  bodies.  In  the  normal 
human  spleen  the  glomeruli  are  usually  hardly  perceptible  to  the  naked 
eye,  but  sometimes  they  are  very  plain.  Sometimes  the  fibrous  stroma 
is  very  apparent,  sometimes  not. 

The  size,  consistence,  and  color  of  the  organ  vary  a  good  deal  within 
normal  limits;  it  may  soften  in  decomposition.  Thickenings  of  the  capsule 
and  abnormal  adhesions  are  very  common,  and  often  occur  without  any 
clinical  history  indicating  disease.  We  should  look  for  changes  in  sixe, 
color,  and  hardness;  for  pigmentation,  hyperplasia  of  the  connective 
tissue,  amyloid  degeneration,  tubercles,  and  infarctions. 

Not  infrequently  one  or  more  spheroidal  or  flattened  so-called  acc^- 
sory  spleens  are  found  in  the  vicinity  of  the  spleen;  they  vary  in  size 
from  that  of  a  pea  to  that  of  a  walnut. 

Preservation. — In  certain  diseases  of  the  pulp,  ansemia,  leucocythsmia,  etc.,  the 
tissue  should  be  teased,  when  fresh,  in  0.85-per-cent.  salt  solution,  or  examined  by 
the  staining  methods  described  under  the  Lesions  of  the  Blood.  For  general  purposes 
small  pieces  of  the  organ  are  hardened  in  Orth's  fluid,  Flemming's  osmic-acid  mixture, 
or  in  alcohol. 

The  Intestines. — The  rectum  is  divided,  the  intestine  is  seized  with  the 
left  hand,  and,  being  kept  stretched,  is  separated  from  its  attachments 
by  repeated  incisions  through  the  mesentery  close  to  the  gut,  until  the 
duodenum  is  reached,  where  the  intestine  is  again  cut  ofiF.  The  operation 
is  more  cleanly  if,  before  dividing  the  gut,  ligatures  are  placed  around 
it  at  either  end.  The  entire  length  of  the  gut  is  now  laid  open  ^idth  the 
enterotome  along  the  mesenteric  attachment;  the  mucous  membrane 
is  cleaned  with  a  stream  of  water  and  then  examined. 

In  cases  of  suspected  poisoning,  a  ligature  should  be  placed  around 
the  rectal  end  of  the  gut  and  two  around  the  duodenal  end,  and  it  should 
then  be  cut  off  below  the  former  and  between  the  latter  ligatures.  The 
gut  is  now  opened  and  the  contents  are  emptied  into  a  clean  glass  jar  for 
delivery  to  the  chemist,  care  being  taken  that  they  be  not  allowed  to 
touch  anything  but  the  inner  surface  of  the  jar.  After  washing  the  in- 
testine in  pure,  fresh  water  and  examining  it,  it  should  be  placed  entire 
in  another  clean  jar  and  the  jar  sealed. 
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Cadaveric  lividities  are  very  common  in  the  intestines,  and  are 
usually  most  marked  in  the  dependent  portions.  They  are  apt  to  occur 
in  patches,  but  may  be  diffuse  and  very  extensive.  If  the  wall  of  the 
gut  be  stretched,  they  are  often  seen  to  be  discontinuous,  owing  to  the 
pressure  of  the  blood  from  the  parts  which  are  squeezed  by  folds.  Small 
patches  of  arborescent  or  diffuse  red  staining  are  often  seen,  formed  by 
the  imbibition  from  the  vessels  of  decomposing  haemoglobin.  In  the 
more  advanced  stages  of  decomposition  the  mucosa  may  be  softened  and 
loosened.  A  dark  purple  or  brownish  discoloration  of  the  entire  intes- 
tinal wall  is  frequently  seen,  either  diffuse  or  in  patches.  Much  experi- 
ence and  careful  observation  are  requisite  in  forming  a  correct  judgment 
regarding  the  significance  of  changes  of  color  in  the  intestines.  Caution 
is  necessary  in  distinguishing  normal  digestive  hypersemia  from  ab- 
normal congestion.  A  very  considerable  congestion  may  exist  without 
disease. 

The  lesions  ordinarily  to  be  looked  for  are  catarrhal,  croupous,  and 
ulcerative  inflammations,  perforations,  haemorrhages,  strictures,  tumors, 
-amyloid  degeneration,  swelling  and  ulceration  of  the  solitary  follicles 
and  Peyer's  patches,  and  pigmentation.  For  the  detection  of  amyloid 
Regeneration  of  the  mucosa  this  structure  should  be  carefully  washed 
And  brushed  with  a  solution  of  iodin. 

Preservation. — For  the  general  purposes  of  microscopic  study,  portions  of  the 
gut  should  be  gently  stretched  on  cork  (the  mucosa  side  free)  and  hardened  in  Orth's 
fluid  or  in  Flemming's  osmic-acid  mixture. 

For  obvious  reasons  the  mucous  membrane  should  be  handled  as  little  as  possible, 
for,  in  the  majority  of  cases,  decomposition  and  softening  have  already  set  in  at  the 
time  of  the  autopsy,  and,  under  the  most  favorable  conditions,  the  epithelium  is  very 
easily  rubbed  oflf. 

In  cases  in  which  the  most  perfect  preservation  of  the  topographical  featiu'es,  as 
well  as  the  minute  structure  of  the  intestinal  mucosa,  is  .desired,  even  at  the  expense  of 
an  inspection  of  the  fresh  tissue,  another  mode  of  procedure  is  to  be  recommended. 
Selected  segments  of  the  gut  are,  after  removal  from  the  body,  allowed  to  remain 
unopened  on  the  table  while  ligatures  are  tied  around  the  ends.  The  isolated  seg- 
ments, or  the  whole  gut,  may  now  be  moderately  filled — not  distended — with  one  of 
the  above  fluids  by  means  of  a  syringe  with  a  needle  cannula;  or  one  end  of  the  seg- 
ment may  be  tied  and  the  fixative  introduced  through  a  funnel  at  the  other,  which 
end  is  then  ligated.  The  segments  to  be  preserved  should  now  be  placed  unopened  in 
the  fixative  solution.  After  twenty-four  hours  they  may  be  opened  with  scissors  or  a 
sharp  knife,  cut  into  suitable  pieces,  and  kept  permanently  in  80-per-cent.  alcohol. 

The  Stomach  and  Duodentim. — We  now  introduce  the  enterotome  into 
the  duodenum  at  its  transverse  portion,  and  open  it  on  the  convex  border. 

When  the  pylorus  is  reached  the  incision  is  carried  obliquely  over  to 
the  greater  curvature  of  the  stomach,  along  which  it  is  extended  as  far  as 
the  oesophageal  opening,  and  the  organ  examined  in  situ;  or,  if  a  more 
careful  examination  of  the  stomach  is  called  for,  after  ascertaining 
whether  or  not  the  bile  duct  is  pervious  (see  below),  the  duodenum  and 
stomach  may  be  removed  together,  and  the  stomach  opened  and  exam- 
ined on  the  table.  Alterations  in  size  and  form,  the  presence  of  tumors, 
ulcers,  etc.,  may  now  be  sought  for. 
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If  poisoning  be  suspected,  a  ligature  should  have  been  placed,  earlier 
in  the  examination  (see  above),  around  the  lower  end  of  the  cesophagus 
and  the  duodenum.  The  stomach  and  duodenum  are  now  removed  to- 
gether unopened.  They  are  to  be  opened  in  a  carefully  cleansed  glass 
jar,  and  after  an  inspection  of  the  mucous  membrane  and  the  contents 
with  the  naked  eye  and  a  hand  lens,  stomach,  duodenum,  and  contents 
are  to  be  sealed  in  the  jar  for  the  chemist. 

We  now  look  for  the  orifice  of  the  bile-duct,  which  will  be  found 
about  the  middle  of  the  descending  portion  of  the  duodenum  on  its  con- 
cave border.  Pressure  on  the  gall-bladder  or  on  the  common  duct  mW 
usually  cause  the  bile  to  flow  into  the  intestine  if  the  ducts  are  pervious. 
But  a  suflBcierit  degree  of.  stoppage  may  exist  in  the  ducts  to  give  rise  to 
marked  symptoms  of  disease,  without  preventing  the  flow  of  bile  imder 
these  conditions,  even  with  a  moderate  pressure.  A  long  director  is  now 
passed  into  the  gall-duct,  which  is  laid  completely  open;  ulcerations, 
cicatrices,  gall-stones,  inflammatory  lesions,  and  tumors  are  looked  for. 
In  stricture  of  the  gall-duct  the  mucous  membrane  above  wall  often  be 
found  bile-stained,  while  below  it  is  colorless.  At  this  point,  should 
there  be  any  special  reason  for  doing  so,  the  portal  vein,  which  lies  close 
behind  the  ductus  choledochus,  should  be  opened  and  examined  for  peri- 
phlebitis, phlebitis,  and  thrombosis.  The  mucous  membranes  of  the 
duodenum  and  stomach  are  now  examined.  Acute  inflammation  from 
caustic  poisons,  chronic  catarrhal  inflammations,  haemorrhages,  ulcers, 
erosions,  swelling  of  the  solitary  follicles  (l5rmph-nodules),  and  tumors 
are  lesions  most  frequently  seen.  We  sometimes  find  a  diffuse  congestion 
of  the  stomach,  similar  to  that  produced  by  irritant  poisons,  as  a  result 
of  doses  of  croton  oil  given  just  before  death. 

Preservation. — The  same  methods  should  be  used  as  for  the  intestines  (see 
above).  Tumors  should  be,  cut  into  small  pieces  and  hardened  in  Orth's  fluid  or 
5-per-cent.  formaldehyde. 

The  Liver, — To  remove  the  liver,  the  diaphragm  is  first  dinded  on 
one  side  of  the  suspensory  ligament  as  far  back  as  the  spine;  the  suspen- 
sory ligament  is  then  divided ;  then  the  right  and  left  lobes  being  in  turn 
raised,  the  lateral  ligaments  are  severed.  Then,  the  left  lobe  being  seized, 
the  organ  is  dragged  obliquely  downward  into  the  abdominal  cavity,  the 
remaining  attachments  being  dissected  away.  The  liver  is  first  laid  on 
its  superior  surface  and  the  gall-bladder  and  its  contents  are  examined. 
The  character  of  the  gall  is  to  be  determined,  and  gall-stones,  inflam- 
matory lesions,  and  tumors  are  to  be  sought  for.  To  determine  the 
actual  size  of  the  organ,  it  should  be  both  measured  and  weighed.  Its 
size  varies  greatly  in  different  healthy  individuals,  but  in  general  it  may 
be  said  that  it  measures  from  25  to  30  cm.  transversely,  from  15.3  to  IS 
cm.  antero-posteriorly,  and  from  9  to  12  cm.  at  its  thickest  part;  its  or- 
dinary weight  is  between  1,550  and  1,860  grams.  In  children  its  weight 
relative  to  that  of  the  body  is  greater  than  in  adults.  The  liver  is 
increased  in  size  and  weight  during  digestion  and  by  congestion  from 
any  cause. 
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The  convex  surface  of  the  right  lobe  of  the  liver  not  infrequently 
shows  several  grooves  running  from  front  to  back,  approximately  par- 
allel with  the  suspensory  ligament  of  the  liver.  These  grooves,  which 
may  be  found  in  persons  of  all  ages,  are  believed  by  some  to  be  usually 
congenital,  by  others  to  be  the  result  of  pressure  of  the  diaphragm  and 
the  abdominal  muscles  on  a  relaxed  atrophic  liver.  They  seem  in  any 
event  to  be  of  no  practical  importance.  On  the  other  hand,  a  transverse 
groove  running  at  right  angles  to  the  axis  of  the  body  is  a  not  infrequent 
result  of  tight  lacing,  and  is  usually  associated  with  local  connective- 
tissue  thickening  of  the  capsule  and  underlying  tissue  of  the  liver.  In 
this  way  the  liver  may  become  much  distorted  and  the  gall-bladder  com- 
promised. 

The  capsule  of  the  liver  is  now  examined;  the  organ  is  then  laid  on  its 
lower  surface  and  several  deep  incisions  are  made  from  above  downward. 
The  color  and  consistence  of  the  liver  tissue  should  be  noticed,  also  the 
distinctness  with  which  the  lobular  outlines  can  be  seen;  whether  or  not 
the  centres  of  the  lobules  are  congested  or  their  peripheries  lighter  in 
color  than  usual;  the  presence  of  tumors,  tubercles,  abscesses,  ecchinococ- 
cus,  new  connective  tissue,  and  pigmentation.  Suspected  amyloid  de- 
generation should  be  tested  for  by  iodin  solution. 

We  often  find  the  surface  of  the  liver  of  a  greenish  or  very  dark 
brown  color;  less  frequently  the  same  color  extends  into  the  substance  of 
the  organ.  This  discoloration,  which  is  entirely  post  mortem,  is,  like 
the  similar  discoloration  of  other  internal  organs,  produced  by  the  action 
of  the  gases  of  putrefaction  on  the  coloring  matter  of  the  blood. 

Preservation. — ^For  the  study  of  parenchymatous  degeneration,  sections  of  the 
fresh  frozen  tissue  or  small  teased  fragments  should  be  examined  in  0.85-per-cent.  salt 
solution.  For  general  purposes  small  pieces  should  be  hardened  in  Orth's  fluid  or  in 
formalin  solution  (10;  100)  or  in  alcohol.    Tumors  should  be  treated  in  the  same  way. 

The  Pancreas. — This  organ,  of  a  light  yellowish  red  color,  is  elon- 
gated, irregularly  prismatic  in  shape,  and  flattened  antero-posteriorly; 
the  right  end,  called  the  head,  is  broader  than  the  rest  and  lies  in  the 
concavity  of  the  duodenum.  The  remainder  of  the  organ,  the  body  and 
tail,  are  usually  tapering  and  lie  transversely  in  the  abdominal  cavity, 
the  tail  reaching  to  the  spleen.  Its  size  and  weight  vary  considerably; 
its  usual  length  is  from  15.3  to  23  cm.;  its  breadth  about  3.8  to  4.5  cm.; 
its  thickness  about  1.3  to  3.8  cm.;  its  weight  is  usually  from  70  to  108 
grams.  The  organ  may  be  rounded  instead  of  flattened;  the  head  and 
tail  may  be  disproportionately  large;  the  tail  may  be  unusually  long  or 
may  be  divided  or  curved.  The  superior  mesenteric  artery  and  vein, 
which  pass  behind  the  gland,  are  usually  partly  embedded  in  it,  but  are 
sometimes  completely  enclosed. 

A  longitudinal  incision  should  be  made  through  the  whole  gland, 
and  its  substance  and  duct  should  be  searched  for  calculi,  tumors,  mal- 
formations, and  evidences  of  acute  and  chronic  inflammation,  fat  necro- 
sis, and  amyloid  degeneration  of  the  blood-vessels.  The  pancreas  is 
frequently  of  a  dark  red  color  from  post-mortem  staining. 
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Preservation. — Portions  of  this  organ  should  be  hardened  in  strong  alcohol, 
Orth's  fluid,  or  in  Flemming's  osmic-acid  mixture. 

The  examination  of  the  thoracic  duct,  which  lies  to  the  right  and 
posterior  to  the  aorta,  may  now  be  made.  Among  the  most  important 
of  its  lesions  is  tuberculosis,  since  it  has  been  shown  that  from  a  tuber- 
culous lesion  here  the  generalization  of  bacilli  not  infrequently  oc- 
curs. Inflammatory  lesions,  carcinoma,  partial  or  total  occlusion  from 
pressure  may  be  found. 

The  solar  plexus,  which  surrounds  the  origin  of  the  coeliac  axis  and 
the  superior  mesenteric  artery  and  lies  between  the  adrenals,  may  now 
be  sought.  Lesions  of  the  semilunar  and  other  ganglia  are  to  be  noted — 
atrophy,  pigmentation,  and  degenerations. 

The  condition  of  the  hsemolymph  nodes  in  the  prevertebral  fat  should 
be  ascertained  (see  p.  497). 

The  Aorta. — The  size  of  the  lumen  of  this  vessel  should  be  determined. 
The  average  circumference  of  the  ascending  aorta  in  the  adult  may  be 
taken  in  general  as  about  69  millimetres.*  Either  in  situ  or  after  re- 
moval the  aorta  should  be  opened  by  an  incision  extending  its  whole 
length  and  continued  into  its  larger  branches. 

The  Genito-urinary  Organs. 

The  Male  Organs. — If  the  urine  is  to  be  examined  it  may  be  drawn  off 
with  a  catheter;  or  a  vertical  incision  may  be  made  into  the  bladder  just 
above  the  symphysis  pubis,  and  some  of  the  urine  dipped  out.  The  cut 
end  of  the  rectum  should  now  be  grasped  with  the  left  hand  and  raised 
up,  and  this  and  the  bladder,  prostate  gland,  etc.,  dissected  away  from 
the  pelvis,  the  knife  being  carried  close  to  the  bone.  The  bladder  is 
now  drawn  backward  and  the  loose  tissue  close  under  the  symphysis 
pubis  cut.  The  body  of  the  penis  is  then  shoved  backward  within  the 
skin  and  dissected  away  from  behind,  beneath  the  symphysis,  and  finally 
cut  off  just  behind  the  glans  penis.  The  penis  and  bladder  are  now 
drawn  backward  and  upward,  and  the  pelvic  organs  removed  together. 
Or,  the  penis  may  be  removed  by  sawing  away  the  bones  above  the  pubic 
arch;  and  then  dissecting  away  the  penis,  whose  root  is  thus  exposed. 

The  pelvic  organs  are  then  laid  on  the  table,  the  bladder  uppermost; 
a  long  director  is  passed  into  the  urethra,  which  is  opened  on  its  upper 
surface  through  its  entire  length,  and  the  bladder  widely  opened.  In 
the  urethra  the  presence  of  strictures,  diverticula,  ulcers,  inflammatory 
lesions,  is  to  be  noticed;  in  the  bladder  inflammatory  lesions,  hypertro- 
phies, congestion  and  ecchymosis  of  the  mucous  membrane,  hyperplasia 
and  ulcers  of  the  lymph-nodules,  and  tumors.  The  organs  are  now 
turned  over;  the  rectum  is  opened  and  examined  for  varicose  veins,  haem- 
orrhages, ulcers,  strictures,  and  tumors.  The  prostate  gland  is  then  cut 
into  and  the  presence  of  calculi,  inflammatory  lesions,  hjrpertrophies, 
and  tumors  sought  for.     Lastly,  the  vesicxdce  seminales  are  examined,  in 

1  See  Vierordt's  Tables;  also  v.  Ritodk,  Zeita.  f.  klin.  Med..  Bd.  Ixi..  p.  36,  1907. 


MAKING    POST-MORTEM    EXAMINATIONS  1019 

which,  though  rarely,  we  may  find  evidences  of  tuberculous  inflamma- 
tion and  dilatation. 

The  testicles  may  be  removed,  when  necessary,  without  cutting  the 
scrotum,  by  enlarging  the  inguinal  canals  from  within  and  crowding  the 
glands  through  them  and  cutting  them  ofiF.  The  average  weight  of  the 
adult  testicle  with  its  epididymis  is,  according  to  Krause,  from  15  to 
24 . 5  grams.  Inflammatory  lesions,  tuberculosis,  abscesses,  and  tumors 
are  the  most  frequent  lesions. 

Preservation. — The  urethral  canal  and  bladder  may  be  pinned  open  and  hard- 
ened in  Orth's  fluid  or  in  Flemming's  osmic-acid  mixture.  The  prostate,  vesicuke 
seminales,  testicles,  and  tumors  may  be  hardened  in  the  same  fluids. 

The  Female  Organs. — The  position  and  general  condition  of  the  pelvic 
organs  should  first  be  determined  by  inspection.  Abnormal  adhesions 
of  the  ovaries,  broad  ligaments.  Fallopian  tubes,  and  uterus;  malposi- 
tions of  the  uterus;  subserous  tumors  of  the  uterus,  and  ovarian  tumors, 
are  frequently  observed.  Haemorrhage  into  the  posterior  cvl-de-sac  is 
sometimes  found.  The  urine  should  be  collected,  if  necessary,  as  above 
directed;  the  organs  should  be  dissected  away  laterally,  as  in  the  male, 
care  being  taken  not  to  injure  the  ovaries  and  Fallopian  tubes.  The 
bladder  is  then  drawn  strongly  backward  and  upward,  and  dissected 
away  from  the  symphysis  and  the  pubic  arch,  and,  the  point  of  the  knife 
being  carried  forward  and  downward,  the  vagina  is  cut  ofif  in  its  lower 
third,  the  rectum  severed  just  above  the  anus,  the  remaining  attachments 
cut,  and  the  pelvic  organs  are  taken  out  together.  If  it  be  necessary  to 
remove  the  external  generative  organs,  after  freeing  the  lateral  surfaces 
of  the  internal  organs  and  the  bladder,  the  legs  are  widely  separated  and 
the  vulva  and  anus  circumscribed  by  a  deep  incision.  The  tissues  close 
beneath  the  pubic  arch  are  now  dissected  away  from  below,  and  the 
vulva  is  thrust  back  beneath  the  symphysis;  it  is  now  seized  above  the 
bone,  and  together  with  the  anus  dissected  away  and  removed  with  the 
other  organs. 

The  bladder  is  first  opened  and  examined.  The  vvlva  may  now  be 
examined  for  hypertrophies,  inflammatory  lesions,  ulcers,  cicatrices, 
cysts,  and  tumors.  The  vagina  is  opened  along  the  anterior  surface;  its 
more  common  lesions  are  inflammations,  fistuke,  ulcers,  tumors,  and 
rarely  cysts. 

The  Utervs. — Before  opening  this  organ  its  size  and  shape  should  be 
determined.  The  adult  virgin  uterus  is  a  pear-shaped  body,  flattened 
antero-posteriorly;  the  upper  portion,  or  body,  is  directed  upward  and 
forward,  while  the  lower  portion,  the  cervix,  is  directed  downward  and 
backward.  It  is  covered  anteriorly  by  peritoneum  to  a  point  a  little 
below  the  level  of  the  os  internum;  posteriorly,  to  a  point  a  little  below 
the  level  of  its  junction  with  the  vagina.  The  peritoneal  investment 
separates  from  the  organ  at  the  sides  to  form  the  broad  ligaments.  The 
uterus  is  held  in  position  by  the  broad  and  round  ligaments  and  by  its 
attachments  to  the  bladder  and  rectum  and  vagina.  The  upper  end, 
the  fundus,  does  not  extend  above  the  level  of  the  brim  of  the  pelvis. 
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Its  average  length  is  about  7.6  cm.;  its  breadth  about  5.1  cm.;  its  thick- 
ness about  2.5  cm.;  its  average  weight  is  about  31  to  46  grams.  During 
menstruation  the  uterus  is  slightly  enlarged,  the  mucous  membrane 
of  the  body  becomes  thicker,  softer,  and  its  vessels  are  engorged  with 
blood;  while  its  inner  surface  is  more  or  less  thickly  covered  with  blood 
and  cell  detritus.  A  description  of  the  complicated  changes  in  the 
uterus  which  pregnancy  entails  may  be  found  in  the  works  on  obstetrics. 
After  pregnancy  the  uterus  does  not  return  to  its  original  size,  but 
remains  somewhat  larger;  the  os  is  wider  and  frequently  fissured. 

We  not  infrequently  find  in  the  mucous  membrane  of  the  lower  part 
of  the  cervix  small,  transparent,  spheroidal  structures,  called  ovula 
Nabothi;  these  are  small  retention  cysts  caused  by  the  closure  of  the 
orifices  of  the  mucous  glands.  The  more  common  lesions  observed  in 
the  uterus  are  malpositions,  malformations,  lacerations,  ulcerations  of 
the  cervix,  acute  and  chronic  inflammation  of  the  mucous  membrane  or 
muscularis,  or  both,  thrombosis  and  inflammation  of  the  veins,  and 
tumors. 

In  the  infant  the  uterus  is  small,  the  body  flattened,  the  cervdx  dis- 
proportionately large.  During  childhood  the  organ  increases  in  size, 
but  the  body  remains  small  in  proportion  to  the  cervix.  At  puberty,  the 
shape  changes,  and  the  body  becomes  larger. 

The  ovaries  are  flattened,  ovoidal  bodies,  situated  one  on  each  side, 
and  lying  nearly  horizontally  at  the  back  of  the  broad  ligament  of  the 
uterus.     Their  size  is  variable,  and  they  are  usually  largest  in  the  virgin 
state.     They  measure  about  3.8  cm.  in  length,  1.9  cm.  in  breadth,  and 
nearly  1.3  cm.  in  thickness.     Their  average  weight  is  from  3.9  to  6.5 
grams.     The  sides  of  the  ovary  and  its  posterior  border  are  free;  it  is 
attached  along  the  anterior  border;  to  its  end  is  attached  the  ovarian 
ligament,  to  its  outer  extremity  one  of  the  fimbriae  of  the  Fallopian  tube. 
The  ovary  is  covered  on  its  free  surface  by  cylindrical  epithelium,  and 
its  surface  is  less  glistening  than  the  general  peritoneum.     The  surface 
of  the  ovary  is  smooth  in  the  young,  but  becomes  rougher  and  depressed 
in  spots  as  the   process  of  ovulation  goes  on.     In  adult  females  we 
usually  find  corpora  lutea  in  their  various  stages.     We  should  seek  for 
evidences  of  acute  and  chronic  inflammation,  for  tumors  and  cysts. 

The  Fallopian  tubes,  lying  in  the  upper  margin  of  the  broad  liga- 
ments, are  from  7.6  to  10  cm.  in  length.  The  length  often  differs  con- 
siderably on  the  two  sides.  They  commence  at  the  upper  angles  of  the 
uterus  as  small  perforated  cords,  which  become  larger  farther  outward, 
and  bend  backward  and  downward  toward  the  ovary.  They  terminate 
in  an  expanded  fimbriated  extremity  about  2.5  cm.  beyond  the  ovary. 
They  are  covered  by  peritoneum,  and  the  mucous  membrane  lining 
them,  continuous  with  that  of  the  uterus,  is  thrown  into  longitudinal 
folds.  Malpositions  by  adhesions,  closure,  inflammations,  and  cysts 
are  the  more  common  lesions.  The  possibility  of  tubal  pregnancy  should 
be  borne  in  mind. 

Preservation. — All  of  these  organs  and  their  tumors  may  be  hardened  in  Orth's 
fluid  or  in  Flemming's  osmic-acid  mixture.     The  vagina  should  be  stretched  flat  oo 
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cork,  and  the  cavity  of  the  uterus  laid  wide  open.  Great  care  should  be  taken  not  to 
touch  either  the  internal  siu^ace  of  the  uterus  or  the  external  surfaces  of  the  ovaries, 
since  in  both  the  epithelium  is  very  easily  rubbed  ofif. 

It  is  better,  after  opening  them  by  a  transverse  incision,  to  suspend  the  ovaries  by 
a  thread  in  a  jar  of  the  preservative  fluid  than  to  let  them  lie  on  the  bottom,  since  the 
epithelium  is  thus  less  likely  to  be  rubbed  ofif.  Larger  cysts  of  the  ovary  for  exhibition 
purposes  should  be  distended  with  preservative  fluid. 

The  Clostire  of  the  Body  after  the  Post-mortem  Examination. 

At  the  end  of  the  autopsy  the  body  should  be  restored  as  nearly  as 
possible  to  its  natural  external  appearance. 

Fluids  should  be  removed,  vacant  spaces  filled  with  absorbent  mate- 
rial, such  as  cotton,  jute,  or  sawdust,  and  the  incisions  closed  by  sutures. 

Bacterial  Examination  of  Post-mortem  Specimens. 

It  is  often  important  to  make  a  thorough  post-mortem  examination 
by  cultures  as  well  as  morphologically  of  the  blood  and  of  all  the  viscera. 
This  is  important  not  only  in  those  cases  which  during  life  gave  clinical 
evidence  of  general  infection,  but  also  in  many  forms  of  disease  whose 
nature  is  still  wholly  obscure. 

In  the  interpretation  of  the  result  of  all  such  examinations,  however, 
it  should  be  borne  in  mind  that  after  death  a  new  distribution  of  germs 
may  occur,  and  that  from  the  gastro-intestinal  canal  and  from  other  sur- 
faces or  cavities  of  the  body  micro-organisms  may,  as  decomposition 
progresses,  penetrate  the  tissues  and  the  viscera. 

A  careful  consideration  of  the  general  conditions  under  which  the 
body  has  been  kept  and  its  state  of  decomposition  is  of  special  importance 
in  the  interpretation  of  the  significance  of  the  Bacillus  coli  communis, 
which  is  always  present  in  such  enormous  numbers  in  the  intestinal  canal, 
and  which  is  not  only  apt  to  effect  wide  distribution  in  the  body  after 
death,  but  as  a  result  of  careless  manipulation  is  likely  to  be  accidentally 
brought  in  contact  with  other  viscera  after  the  opening  of  the  gut.  The 
preparation  of  cover-slips  for  staining  and  the  making  of  cultures  is,  as 
a  rule,  best  done  at  the  autopsy  table. 

It  is  well  as  each  organ  is  exposed — commencing  with  the  heart — to 
sear  the  surface  of  the  organ  to  be  examined  with  a  broad-bladed  knife 
heated  over  a  flame,  and  then,  making  an  incision  through  the  seared 
surface  with  a  sterilized  scalpel,  to  press  a  sterilized  cotton  swab  into 
the  opening  and  absorb  the  juices  which  exude,  or  to  pick  out  a  small 
fragment  of  the  solid  tissue  from  the  depths  of  the  opening,  or  to  secure 
some  of  the  blood  or  fluid  on  a  sterilized  platinum  loop;  and  then  with 
the  material  thus  procured  make  the  required  cultures  and  afterward 
the  cover-slip  smears  for  staining. 

If  it  be  necessary  to  transport  the  material  to  the  laboratory  before 
making  cultures,  it  is  well  to  reserve  the  unopened  organs,  or  large  por- 
tions of  these  in  the  case  of  the  solid  viscera,  and  to  wrap  each  separately 
in  a  cloth  saturated  with  sublimate  solution,  or  to  put  each  in  a  separate 
sterile  receptacle  for  transportation. 
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It  is  well  to  remember  that  in  the  last  hours  of  life  the  safeguards 
of  the  body  against  the  entrance  and  growth  of  micro-organisms  may 
be  ineffective,  so  that  the  determination  of  the  significance  of  bacteria 
in  the  tissues  a  short  time  after  death  requires  care  and  experience.* 

Autopsies  in  Medico-legal  Cases. 

While  every  autopsy  should  be  made  as  carefully  and  completely 
as  circumstances  permit,  it  should  be  always  borne  in  mind  that  in 
examinations  which  may  have  medico-legal  bearings  it  is  of  the  highest 
importance  to  examine  thoroughly  both  macroscopically  and  micro- 
scopically every  part  of  the  body  from  which  light  may  be  derived  as  to 
the  cause  of  death,  for  in  medico-legal  cases  it  is  not  infrequently  as 
important  to  be  able  by  a  complete  examination  to  declare  the  absence 
of  lesions  which  could  cause  death,  as  to  determine  the  presence  of  those 
upon  which  the  opinion  as  to  the  actual  cause  of  death  in  a  particular 
case  rests.  Bearing  this  in  mind,  the  technic  of  autopsy-making  is 
essentially  the  same  whatever  the  ends  which  the  facts  elicited  may  be 
destined  to  serve. 


Autopsies  in  Cases  of  Suspected  Poisoning. 

In  cases  of  suspected  poisoning  which  may  possibly  have  a  medico- 
legal bearing,  the  examination  should  be  made  with  extreme  care  and 
thoroughness.  The  inspection  of  the  body  and  the  examination  of  aU 
the  viscera  should  be  thorough  and  detailed.  Every  appearance  should 
be  noted  at  the  time,  and  nothing  left  to  the  memory.  It  is  well  to  have 
an  assistant  record  the  observations  as  they  are  made.  The  disposition 
of  the  parts  and  organs  in  jars  should  be  also  noted  at  the  same  time. 

It  is  important  to  remember  that  many  poisons  destroy  life  without 
producing  appreciable  lesions,  and  also  that  many  cases  of  sudden  death 
occur,  not  due  to  poisons,  and  without  any  discoverable  cause. 

In  bodies  which  are  exhumed  for  examination,  the  tissues  may  be  so 
changed  by  decomposition  that  it  is  impossible  to  say  whether  lesions 
have  or  have  not  existed.  In  such  cases  the  careful  and  separate  preser- 
vation of  the  viscera  and  other  parts  for  chemical  examination,  is  often 
all  that  can  be  done. 

It  is  always  best,  in  cases  of  suspected  poisoning,  to  preserve  for  the 
chemist  not  only  the  stomach  and  intestines,  but  the  entire  liver  and 
brain;  or,  if  only  portions  of  these  can  be  saved,  these  portions  should 
be  carefully  weighed,  as  well  as  the  entire  organs,  and  the  relative 
amount  of  tissue  reserved  carefully  noted  at  the  time.  It  is  even  well, 
particularly  in  cases  in  which  the  administration  of  the  readily  diffusible 
poisons,  such  as  arsenic,  strychnia,  etc.,  is  suspected,  to  preserve  the 
whole  of  all  the  internal  organs,  together  with  a  large  piece  of  muscle 
and  bone;  since  with  large  quantities  of  tissue  the  results  of  the  chemical 

I  For  details  of  bacterial  flora  of  the  human  body  see  references  pp.  150  and  319. 
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analysis  depend  less  upon  calculations,  and  are  hence  more  compre- 
hensible to  the  average  jury.  In  all  such  cases  jars  should,  if  possible, 
be  procured  which  have  never  been  used  before,  and  these  should  be 
carefully  washed  and  rinsed  with  distilled  water.  They  should  have 
glass  stoppers  and  be  sealed  at  once  and  carefully  labelled  before  leaving 
the  hands  of  the  operator.  If  they  can  be  delivered  to  the  chemist  with- 
out much  delay,  no  preservative  fluid  should  be  added.  If  they  are  to 
be  kept  for  a  considerable  time,  pending  the  action  of  a  coroner's  jury 
or  for  some  other  reason,  a  small  quantity  of  pure  strong  alcohol  may 
be  poured  over  them.  In  this  the  operator  should  be  particular  to 
preserve  a  quantity,  at  least  half  a  pint,  of  the  specimen  of  alcohol  used, 
in  a  clean,  sealed,  and  labelled  bottle,  so  that  this  may  be  tested  by  the 
chemist  and  be  proven  to  be  free  from  the  poison.  It  is  better  in  all 
cases,  however,  to  avoid,  if  possible,  the  use  of  alcohol.  In  all  autop- 
sies which  may  have  medico-legal  importance  full  notes  should  be  taken 
by  an  assistant  as  the  operation  proceeds,  carefully  read  over  immediately 
afterward  and  dated,  and  kept  by  the  operator  for  future  reference. 
The  labelling  and  disposition  of  the  jars  should  be  recorded  in  the  notes. 
The  specimens  should  not  for  a  moment  be  out  of  the  sight  of  the  oper- 
ator until  they  are  placed  under  lock  and  key  and  seal,  or  are  delivered 
to  some  authorized  person,  so  that  there  may  be  no  question  of  their 
identity  should  the  case  come  into  court. 

Examliiation  of  the  Bodies  of  New -bom  Children.* 

In  examining  the  bodies  of  new-bom  children,  we  may  have  to  determine,  besides 
the  ordinary  lesions  of  disease,  the  age  of  the  child,  whether  it  was  born  ahve,  how  long 
it  has  been  dead,  what  was  the  cause  of  death. 

Size,  Age,  and  Characters  op  the  New-born  Child. — The  fresh  corpse  of  a  new- 
bom  child  at  term  no  longer  resembles  that  of  the  immature  fcetus.  The  skin  is  firm 
and  pale,  like  that  of  an  adult.  The  lanugo  has  disappeared  except  on  the  shoulders. 
In  the  majority  of  cases  the  hair  on  the  head  is  1 . 5  to  2  cm.  long.  The  great  fonta- 
nelle  is,  in  the  average,  2  to  3  cm.  long.  As  determined  by  an  analysis  of  661  cases, 
the  average  length  is  50  cm.,  the  weight  3,256  grams.  The  nails  are  hard  and  reach 
to  the  tips  of  the  fingers,  but  not  to  those  of  the  toes.  The  cartilages  of  the  ears  and 
nose  are  hard.  The  labia  are  more  nearly  closed.  An  ossification  centre  in  the  lower 
epiphysis  of  the  femur  should  be  sought  for,  as  its  presence  is  one  of  the  most  reliable 
signs  of  the  maturity  of  the  foetus.  If  it  is  absent,  the  foetus  is,  as  a  rule,  not  more 
than  thirty-seven  weeks  old;  but  in  rare  cases  it  may  be  absent  at  term.  A  centre  of 
ossification  1  mm.  in  diameter  indicates  an  age  of  thirty-seven  to  thirty-eight  weeks, 
if  the  child  was  born  dead  or  died  soon  after  birth.  Rarely  it  is  no  larger  than  this 
at  term.  A  diameter,  at  birth,  of  1 . 5  to  9  mm.  indicates  an  age  of  40  weeks.  A 
diameter  of  more  than  9  mm.  indicates,  as  a  rule,  that  the  child  has  lived  some  time 
after  its  birth;  a  less  diameter  than  7  mm.,  however,  does  not  prove  the  contrary. 

Twenty-four  hours  after  the  birth  of  the  child  the  skin  is  firmer  and  paler.  The 
umbilical  cord  is  somewhat  shrivelled,  although  still  soft  and  bluish  in  color.  From 
the  second  to  the  third  day  the  skin  has  a  yellowish  tinge  and  the  cuticle  sometimes 
appears  cracked.     The  umbilical  cord  is  brown  and  dry.     From  the  third  to  the  fourth 

>  The  human  embryo,  according  to  the  estimate  of  His,  measures  in  length  approximately  at  4 
weeks  from  7-8  mm. ;  at  5  weeks  13  mm. ;  at  the  end  of  the  second  month  25-28  mm.  Schroder  estimates 
the  approximate  length  of  the  foetus  at  later  lunar  months  as  follows:  3d,  70-90  mm.;  4th,  100-170  mm.; 
5th,  180-270  mm.;  6th,  280-340  mm.;  7th.  350-380  mm.;  8th,  425  mm.:  9th,  467  mm.;  10th,  490-600 
mm.     Consult  for  further  data  McMurrich,  "The  Development  of  the  Human  Body,"  1903,  p.  108,  bibL 


1024  MAKING    POST-MORTEM    EXAMINATION'S 

day  the  skin  is  yellower,  and  the  cuticle  is  apt  to  separate  from  the  skin.  The  umbili- 
cal cord  is  of  a  brownish  red  color,  flattened,  semi-transparent,  and  twisted.  The 
skin  around  its  insertion  is  red  and  congested. 

General  Inspection. — The  head  should  be  examined  for  the  marks  of  injuries. 
Very  commonly  some  portion  of  the  scalp  will  be  found  swollen  and  infiltrated  with 
blood  and  serum.  This  may  be  the  caput  sttccedaneum  formed  during  delivery.  The 
mouth  and  nose  should  be  examined  for  the  presence  of  foreign  bodies  which  might 
have  caused  suffocation. 

The  neck  should  be  examined  for  marks  of  strangulation.  The  umbilical  cord  may 
be  twisted  around  the  child's  neck  and  strangle  it.  The  mark  left  by  the  cord  is  usu- 
ally continuous,  broad,  not  excoriated,  sometimes  accompanied  by  ecchymoses  in  the 
skin. 

The  surface  of  the  body  should  be  examined  for  the  presence  of  vemix  caseosa, 
blood,  marks  of  injury,  and  the  existence  of  putrefaction.  It  should  be  remembered 
that  putrefaction  is  apt  to  commence  earlier  in  the  bodies  of  young  children  than  in 
those  of  adults. 

T?ie  umbilical  cord  may  be  cut  or  torn.  It  usually  separates  by  the  fifth  day,  some- 
times not  until  the  tenth.  If  the  umbilicus  is  cicatrized  and  healed,  the  child  has 
probably  lived  for  three  weeks.  A  zone  of  redness  around  the  insertion  of  the  cord 
may  exist  previous  to  birth.  Redness  and  swelling  (which  may  disappear  after  death) 
with  suppuration  can  be  found  only  in  a  child  which  has  lived  for  several  days.  The 
drying  and  mummification  of  the  cord  may  take  place  as  well  in  dead  as  in  living 
children.  It  is  possible  for  a  child  to  die  by  hsemorrhage  from  a  cut  or  torn  cord,  eitho* 
before  or  after  it  has  breathed.  The  umbilical  vessels  should  be  examined,  as  they 
may  be  the  seat  of  umbilical  infection. 

The  extremities  may  exhibit  fracture  of  the  bones.  These  may  occur  during  intra- 
uterine life,  from  injuries  to  the  woman  or  from  unknown  causes;  or  may  be  produced 
by  violence  in  delivery,  or  by  injuries  after  birth. 

Internal  Examination. — The  Head. — The  fontanelles  and  sutures  should  first  be 
examined  as  to  their  size  and  for  penetrating  wounds.  An  incision  should  then  be 
made  through  the  scalp  across  the  vertex,  and  the  flaps  turned  backward  and  forward 
as  in  the  adult.  With  a  small  knife  the  edges  of  the  bones  should  be  separated  from 
the  membranous  sutures  and  the  dura  mater,  beginning  low  down  in  the  frontal  and 
going  back  into  the  lambdoidal  suture  on  either  side.  The  bones  are  then  drawn  out^ 
ward  and  cut  through  around  the  skull  with  strong  scissors.  The  brain  is  remo\^ 
and  examined  as  in  the  adult.  ^ 

Effusions  of  blood — cephalhematoma — may  be  formed,  soon  after  birth,  between 
the  pericranium  and  bone,  or,  more  rarely,  between  the  dura  and  bone.  Clots  arc 
also  found  between  the  dura  mater  and  skull;  between  the  dura  and  pia  mater;  more 
rarely  in  the  substance  of  the  brain,  as  the  result  of  protracted  or  instrumental 
deliveries,  or  of  injuries  after  birth. 

The  cranial  bones  may  be  malformed,  or  exhibit  the  lesions  of  rickets  or  caries,  or 
be  indented,  fissured,  or  fractured.  These  latter  lesions  may  be  produced  during 
intra-uterine  life  by  injuries  to  the  mother,  by  unknown  agencies,  by  difficult  deliveries, 
or  by  direct  violence  after  birth. 

In  cases  of  chronic  internal  hydrocephalus  in  yoimg  children,  in  which  the  ventri- 
cles are  much  dilated  and  the  brain  substance  is  thinned  over  the  vertex,  the  brain  is 
very  apt  to  be  torn  in  removal,  and  the  amount  of  dilatation  thus  becomes  difficult  of 
determination.  It  is,  therefore,  better  in  such  cases  to  place  a  pail  of  water  beneath 
the  head,  or  even  immerse  the  latter  in  it,  and  remove  the  brain  in  the  wat^r.  In  this 
way  it  floats  after  removal,  supported  on  all  sides.  It  may  now  be  opened  in  the 
water  and  the  extent  of  the  lesion  determined  at  once,  and  parts  saved  for  microscopi- 
cal examination. 

If  it  be  desired  to  preserve  the  brain  for  demonstration  of  the  lesion  or  for  a 
museum  specimen,  it  should  be  transferred  unopened  to  a  large  jar  containing  5-pcr- 
cent.  formalin.  A  portion  of  the  ventricular  fluid  should  now  be  removed  with  a 
syringe  provided  with  a  small  cannula,  and  replaced  by  formalin.     This  may  be  done 

1  Or  an  incision  through  the  bones  with  a  fine  saw  may  be  made  as  in  liie  adult. 
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by  puncturing  the  ventricles  from  below.  The  fluid  in  the  jar,  as  well  as  in  the 
ventricles,  should  be  changed  in  forty-eight  hours.  The  brain  may  then  be  cut  trans- 
versely across,  when  the  degree  of  dilatation  of  the  ventricles,  etc.,  will  be  revealed. 
The  weight  of  the  brain,  according  to  Bischoflf,  is  380  grams. 

It  is  normally  much  softer  and  pinker  than  in  the  adult,  the  pia  more  delicate;  both 
may  be  much  congested  or  ansemic  without  known  cause.  The  ventricles  contain 
very  little  serum.  Malformations,  apoplexies,  hydrocephalus,  simple  and  tuberculous 
inflammatory  lesions,  are  to  be  looked  for. 

Tfie  Spinal  Cord. — Extravasations  of  blood  between  the  membranes  of  the  cord 
may  occur  from  the  same  causes  as  those  in  the  brain.  Spina  bifida  is  the  most  fre- 
<iuent  malformation. 

The  Thorax  and  Abdomen. — These  are  opened  as  in  the  adult.  The  peritoneal 
4:avity  contains  a  very  little  clear  serimi.  A  red  fluid  may  be  produced  by  decompo- 
sition.    The  peritoneum  is  often  the  seat  of  intra-uterine  inflammation. 

The  Diaphragm. — In  still-born  infants  its  convexity  reaches  to  the  fourth  or  fifth 
rib.  After  respiration  it  reaches  a  point  between  the  fourth  and  seventh  ribs.  Its 
position  is,  however,  so  variable  that  it  is  of  little  diagnostic  importance. 

The  Thorax. — The  thymus  glands  at  this  period  very  large,  occupies  the  upper  por- 
tion of  the  anterior  mediastinum,  covering  the  trachea  and  large  vessels.  Its  average 
weight  is  about  15 . 5  grams.  It  is  usually  about  5  cm.  long,  3 . 8  cm.  wide  at  its  lower 
part,  and  about  .63  to  .85  cm.  in  thickness.  It  may  be  hypertrophied  and  compress 
the  large  vessels,  or  be  inflamed  and  suppurating. 

The  heart  lies  more  nearly  in  the  median  line  than  in  the  adult.  It  weighs  from 
20  to  24  grams.  The  ventricular  walls  are  of  nearly  equal  thickness.  The  pericar- 
dium contains  very  little  serum.  A  considerable  quantity  of  red  fluid  may  accumu- 
late here  as  a  result  of  decomposition.  There  may  be  small  extravasations  of  blood 
beneath  the  pericardium  in  still-born  children  and  in  those  born  alive.  Pericarditis 
with  effusion  of  serum  and  fibrin,  and  endocarditis  with  consequent  changes  in  the 
valves,  may  exist  before  birth.  Malformations  and  malpositions  of  the  heart  and 
large  vessels  are  not  infrequent.  Small  soft  reddish  nodules  may  be  present  on  the 
edges  of  the  valves  which  are  remnants  of  the  foetal  mucous  tissue,  but  may  be  mis- 
taken for  the  marks  of  endocarditis.  The  time  of  closure  of  the  foramen  ovale  and 
the  ductus  arteriosus  varies  very  widely  in  different  cases. 

The  pleural  cavities  contain  very  little  serum,  but  decomposition  may  lead  to  the 
accumulation  of  a  considerable  quantity  of  red  fluid.  Small  extravasations  of  blood 
in  the  subpleural  tissue  may  be  found  in  children  who  have  died  before  birth  and  after 
protracted  labors.  Inflammation,  with  exudation  of  serum,  fibrin,  and  pus,  may 
exist  before  birth. 

The  lungs  in  a  still-born  child  are  small,  do  not  cover  the  heart,  are  situated  in  the 
upper  and  posterior  portions  of  the  thorax,  are  of  a  dark  red  color  and  of  firm,  liver- 
like consistence,  and  do  not  crepitate.  In  a  child  born  alive,  and  which  has  respired 
freely,  the  lungs  fill  the  thoracic  cavity,  but  do  not  cover  the  heart  as  much  as  in  the 
adult;  they  are  of  a  light  red  or  pink  color,  and  crepitate  on  pressure.  If  respiration 
has  been  incompletely  performed,  we  find  various  intermediiate  conditions  between 
the  foetal  and  inflated  states. 

If  any  doubt  exists  as  to  respiration  having  taken  place,  it  is  customary  to  employ 
the  hydrostatic  test.  This  is  done  by  placing  the  lungs,  first  together,  then  separately, 
and  afterward  cut  into  small  pieces,  in  water.  It  is  commonly  said  that  if  they  sink 
the  child  has  not  breathed ;  if  they  float  it  has.  This  test  is  not,  however,  a  certain 
one.* 

The  lesions  of  inflammation,  and  vesicular  and  subpleural  emphysema,  may  be 
foimd  in  the  lungs  of  new-born  children. 

The  pharynx  should  be  opened  and  examined  for  foreign  bodies. 

The  larynx  and  trachea  should  be  examined  for  the  lesions  of  inflammation  and  for 
injuries  to  the  cartilages. 

The  thyroid  gland  weighs  about  12  grams.  It  may  be  so  enlarged  as  to  interfere 
with  respiration. 

>  See  works  on  medical  jurisprudence. 
65 
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The  Abdomen, — The  kidneys  are  lobulated  and  proportionately  larger  than  in  the 
adult.  Thoma  estimates  the  average  weight  of  both  organs  together  as  23.6  grams. 
There  may  be  ecchymoses  on  their  surface;  inflammation;  deposits  of  uric  acid  and 
urates  in  the  tubules  of  the  pyramids;  cystic  dilatation  of  the  tubules,  sometimes 
reaching  an  enormous  size.  There  may  be  absence  or  retarded  development  of  one 
kidney.     Malformations  and  malpositions  of  the  kidneys  are  of  frequent  occurrence. 

The  adrenals  are  large.     They  may  be  dilated  into  large  cysts  filled  with  blood. 

The  spleen  is  large  and  firm.  Its  average  weight  is  about  11  grams.  It  may  be 
abnormally  enlarged,  and  its  surface  is  sometimes  covered  with  fresh  inflammatory 
exudations. 

The  Intestines. — In  the  small  intestines,  inflammation  and  swelling  and  pigmenta- 
tion of  the  solitary  and  agminated  follicles  (lymph-nodules)  are  sometimes  found. 
The  large  intestine  usually  contains  meconium,  but  this  may  be  evacuated  before  or 
during  birth.    The  sigmoid  flexure  is  not  as  marked  as  in  the  adult. 

The  formation  of  gas  in  the  stomach  and  intestines  does  not  usually  take  place 
until  respiration  is  established.  If  decomposition  has  commenced,  however,  gas  may 
be  formed  as  a  part  of  the  process. 

The  liver  is  of  a  dark  red  color,  is  large,  and  contains  much  blood.  Its  size  dimin- 
ishes after  respiration  is  established.  Its  average  weight  is  1 18  grams.  The  size  is  so 
variable,  before  and  after  respiration,  that  it  gives  little  information  as  to  the  age  of 
the  child.  Large  extravasations  of  blood  are  sometimes  found  beneath  the  capsule  of 
the  liver  without  known  cause.  A  variety  of  pathological  conditions,  fatty  and  waxy 
degeneratioi;!,  gummy  tumors,  etc.,  may  be  found. 

The  bladder  may  be  full  or  empty,  both  in  still-born  children  and  in  those  which 
have  breathed.     Dilatation  and  hypertrophy  may  exist  during  intra-uterine  life. 

Generative  Organs. — The  external  generative  organs  in  both  males  and  females  are 
more  prominent  than  in  adults.  The  ovaries  are  high  up  in  the  pelvis  and  large;  the 
cervix  uteri  is  long;  the  body  small  and  lax,  resting  forward  against  the  bladder. 
Phimosis  in  the  males  is  the  normal  condition.  Malpositions  and  retarted  develop- 
ment of  the  testicles  should  be  noticed.  It  should  be  observed  whether  the  anus  is 
perforate. 

The  boneSf  in  suspected  cases,  should  be  examined  for  the  lesions  of  inflammation, 
rickets,  and  syphilis. 

Preservation. — The  various  fcetal  tissues  may  be  preserved  by  the  same  methods 
are  as  employed  for  those  of  the  adult;  but  as  they  are  very  delicate  they  should  be 
handled  with  great  care  and  the  preservative  fluids  changed  with  suflScient  frequency. 


CHAPTER  II. 

GENERAL   METHODS    OF    PRESERVING    PATHOLOGICAL    SPECI- 
MENS  AND  PREPARING  THEM  FOR  STUDY. 

It  is  not  our  purpose  in  this  section  to  give  a  complete  account  of 
the  technical  procedures  required  in  the  study  of  pathological  specimens. 
We  wish  simply  to  furnish  a  few  brief  hints  as  to  the  most  useful  methods 
for  ordinary  purposes.  Additional  suggestions  will  be  found  in  parts  of 
the  book  dealing  with  special  tissues  and  organs;  but  for  the  technical 
details  of  many  complex  methods  which  are  invaluable  for  special  pur- 
poses, one  may  consult  Lee,  *'  Microtomist's  Vade-Mecum,"  7th  edition, 
1913;  Mallory  and  Wright,  "Pathological  Technique,"  5th  edition,  1913; 
and  Schmorly  *'  Die  pathologisch-histologischen  Untersuchimgsmethoden/' 
7th  edition,  1914.  The  special  technique  of  the  blood  will  be  found  in 
Schridde  und  Naegeli,  "  Hftmatologische  Technik,"  1910;  and  Wood, 
**  Chemical  and  Microscopical  Diagnosis,*'  3d  edition,  1912. 

The  Study  of  Fresh  Tissues. 

Although  for  the  most  part  the  conditions  for  the  minute  study  of 
tissues  are  more  favorable  after  these  have  been  fixed  and  hardened  by 
a  suitable  chemical  agent,  it  is  yet  in  many  cases  very  important  to 
examine  them  in  the  fresh  state. 

In  this  condition  many  of  the  degenerative  changes  in  cells  are  more 
clearly  seen  than  after  fixation,  while  the  study  of  living  cells  in  indif- 
ferent fluids  with  various  stains  may  throw  much  light  upon  vital  phe- 
nomena and  the  changes  which  supervene  when  life  ceases  and  the  cell 
falls  under  the  sway  of  the  simple  physical  and  chemical  forces. 

Fresh  tissues  may  be  teased  apart,  mounted  and  studied  in  0 .  85  per 
cent,  sodium  chloride  solution,  but  it  is  usually  much  more  satisfactory  to 
cut  frozen  sections  of  the  tissue  to  be  examined. 

The  study  of  living  cells  is  often  facilitated  by  the  addition  to  the 
physiological  salt  solution  of  small  amounts  of  either  neutral  red,  methy- 
lene blue,  or  thionin.  These  dyes  stain  the  nuclei  or  other  portions  of  the 
cell,  and  often  give  very  satisfactory  pictures.^ 

In  the  method  of  Arnold'  the  cells  are  protected  from  pressure  of  the 
cover-glass  and  the  study  facilitated  by  the  use  of  thin  sections  of  dried 
elder  pith  dipped  in  the  fluid  containing  the  living  cells  and  tinged  with 
the  coloring  agent. 

For  the  methods  of  studying  the  circulation  on  the  curarized  frog 
see  page  111. 

1  Consult  for  ^eoiy  of  vital  staining  Ruricha,  Zeits.  f.  wiss.  Mik.,  Bd.  xxii.,  p.  91,  1905.    For 
colorability  of  living  cells  see  Coco,  Cbl.  f.  allg.  Path.,  Bd.  xiii.,  p.  604,  1902. 
'  Arnold,  MOnch.  med.  Wochenschr.,  p.  585,  1906. 
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Rapid  Fixation  and  Frozen  Sections. 

A  rapid  fixation  and  development  of  detail  in  structural  elements  in 
fluids  may  be  secured  by  allowing  a  drop  of  formalin  to  run  under  the 
cover-glass  and  mingle  with  the  salt  solution,  the  flow  being  directed  by 
a  bit  of  filter  paper  put  close  to  the  edge  of  the  cover-glass  on  the  side 
opposite  to  that  on  which  the  fixative  is  added.  The  formalin  may  be 
washed  out  by  saline  and  the  latter  replaced  by  a  dilute  aqueous  solution 
of  thionin  to  stain  the  nuclei. 

When  an  immediate  diagnosis  of  a  solid  tissue  is  required,  useful 
results  may  be  obtained  by  a  combination  of  the  freezing  method  with 
the  use  of  formalin  as  a  fixative.^  Any  form  of  freezing  microtome  and 
either  ether,  ethyl  chloride,  or  liquid  carbonic  acid  may  be  used. 

Many  tissues  can  be  frozen  immediately  after  their  removal  from  the 
body,  cut,  floated  on  to  a  slide  with  salt  solution,  and  then  stained  with  an 
aqueous  solution  of  thionin  blue.  They  can  be  mounted  in  the  saline  or 
preferably  in  Bruns'^  glucose  medium,  in  which  they  keep  for  a  few 
hours.  When  the  tissues  are  gelatinous  or  contain  considerable  fat,  they 
can  be  fixed  in  hot  four-per-cent.  formaldehyde  (50°  C.)  or  even  boiled  for 
a  few  minutes  in  the  same  solution.  This  will  permit  of  an  immediate 
examination.  Such  fixation  is  very  imperfect,  however,  and  portions  of 
the  tissue  should  always  be  reserved  for  regular  fixation  and  sectioned 
after  embedding. 

If  an  immediate  examination  is  not  of  great  importance  Wright's 
method  is  the  best  to  use.     This  is  as  follows: 

1.  Fix  pieces  of  tissue  in  four-per-cent.  aqueous  formaldehyde,  for 
fifteen  to  twenty-four  hours. 

2.  Cut  the  tissue  into  slices  not  over  5  mm.  thick,  and  after  rinsing  in 
water,  freeze  and  section. 

3.  Float  the  sections  off  the  knife  into  water;  select  a  suitable  one; 
and  spread  it  smoothly  on  a  slide  by  passing  the  slide  into  the  water 
under  the  section  and  drawing  the  latter  gradually  up  on  the  glass. 

4.  Drain  off  the  water. 

5.  Blot  the  section  with  smooth  blotting  paper.  It  will  then  adhere 
to  the  slide.  If  it  contains  much  mucoid  material  cover  the  section  with 
absolute  alcohol  for  a  few  seconds  before  blotting  it. 

6.  Pour  over  the  section  a  small  quantity  of  absolute  alcohol,  allowing 
it  to  stay  on  for  five  seconds. 

7.  Cover  the  slide  with  a  thin  solution  of  celloidin;  drain  off;  allow  the 
film  to  become  firm  by  waving  the  slide  in  the  air  for  a  few  seconds,  and 
then  place  the  slide  in  water. 

8.  The  section  can  be  stained  by  any  of  the  usual  methods,  as  it  is 
held  permanently  to  the  slide  by  the  celloidin,  unless  the  absolute  alcohol 
is  left  on  too  long. 

» Ctdlen,  Johns  Hopkins  Hospital  Bulletin,  voL  vi.,  p.  67,  1896. 

*Bnin8'  glucose,  medium  is  made  up  as  follows:  Distilled  water,  140  c.c;  glucose,  40  gms.:  ^ 
cerin,  10  gms.  About  5  c.c.  of  40  %  formaldehyde  should  be  added  to  prevent  decompositioQ  sad 
fix  the  tissues. 
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Fragile  sections  had  better  be  carried  through  ninety-seven-per-cent. 
alcohol  and  mounted  in  the  new  mounting  medium  of  Gilson,  known  as 
Euparal,  which  can  be  obtained  from  Grtibler,  and  mounts  from  ninety- 
seven-per-cent.  alcohol. 

Fixation,  Hardening  and  Preservation. 

Alcohol  is  the  most  commonly  employed  fixative  and  hardening 
agent  for  routine  purposes.  It  is  used  in  the  strength  of  from  80  to 
95  per-cent.  at  first,  the  pieces  of  tissue  to  be  hardened  not  being 
larger  than  1  or  2  cubic  centimetres.  There  should  be  in  bulk  many 
times  as  much  alcohol  as  tissue  to  be  hardened.  A  little  absorbent 
cotton  may  be  placed  in  the  bottle  to  keep  the  blocks  of  tissue  from 
sticking  to  the  bottom.  After  twenty-four  hours  the  alcohol  should 
be  renewed.  On  the  third  day  the  tissue  is  transferred  to  97  per-cent. 
or  to  absolute  alcohol  for  completion  of  the  hardening,  which  will  usually 
be  within  five  or  six  days. 

While  for  many  purposes  other  and  more  delicate  methods  of  harden- 
ing tissues  are  to  be  recommended,  alcohol  is  most  useful  for  solid  tissues 
in  which  bacteria  are  to  be  sought,  for  such  specimens  as  are  not  quite 
fresh  and  in  which  the  process  of  decay  is  to  be  immediately  checked, 
and  in  general  for  tissues  in  which  the  determination  of  topographical 
features  for  diagnostic  or  other  purposes  is  the  chief  end  in  view. 

Formalin,  or  formol,  is  the  trade  name  for  a  37-per-cent.  aqueous 
solution  of  formaldehyde.  In  diluted  solutions  it  is  a  valuable  fixative 
for  delicate  tissues.  It  is  most  commonly  used  in  a  solution  of  10  parts 
(of  the  commercial  formalin)  to  90  of  water.  The  fresh  tissues,  in  small 
pieces,  are  put  in  this  solution  for  forty-eight  hours,  the  fluid  being 
renewed  at  the  end  of  twenty-four  hours.  They  are  then  transferred 
to  60-per-cent  alcohol  for  twenty-four  hours,  and  the  hardening  is 
completed  with  strong  alcohol. 

Muller's  fluid,  which  has  been  much  used  as  a  hardening  agent, 
has  the  following  composition: 

Potassium  bichromate 2  parts. 

Sodium  sulphate 1  part. 

Water 100  parts. 

Miiller's  fluid  is  now  most  often  used  in  combination  with  other 
fixatives. 

Thus  Orth  ^s  fluid j  which  is  Miiller  's  fluid  to  90  parts  of  which  10  parts 
of  commercial  formalin  are  added,  is  a  most  valuable  agent  for  fixing  and 
hardening  delicate  cells.  The  mixture  should  be  made  at  the  time  of 
using  because  it  soon  changes.  The  pieces  of  tissue  should  be  small,  the 
fluid  largely  exceeding  the  tissue  in  bulk.  The  hardening  is  completed 
in  three  or  four  days,  when  the  specimens  should  be  thoroughly  washed 
in  water  and  preserved  in  80-per-cent.  alcohol. 

OsMic  acid  is  of  great  value,  especially  in  combination,  for  the 
hardening  of  small  portions  of  delicate  tissues,  since  it  serves  to  fix  the 
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elements  in  a  nearly  normal  condition  and  stains  them  brown  or  black. 
Osmic  acid  stains  most  forms  of  fat  black  and  on  this  account  is  a  valuable 
agent  for  the  detection  of  this  substance  in  the  tissues.  It  is  generally 
used  in  1-per-cent.  aqueous  solution,  the  tissues,  in  very  small  pieces 
and  when  quite  fresh,  being  placed  in  it  and  allowed  to  remain  for  twenty- 
four  hours.  They  are  now  washed  thoroughly  In  water  and  may  be 
preserved  in  80-per-cent.  alcohol. 

Flemming's  Osmic  Acid  Mixture, — ^For  the  purpose  of  fixing  delicate 
tissue  elements  to  show  minute  structural  detail,  such  as  mitotic  figures, 
this  mixture  is  of  great  value.     It  is  made  of 

l-per-cent.  solution  of  chromic  acid 15  parts. 

2-per-cent.  solution  of  osmic  acid 4  parts. 

Hydric  acetate,  glacial 1  part. 

This  mixture  does  not  keep  well,  and  hence  should  be  made  up  in  small 
quantities.  Small  portions  of  tissue  should  soak  in  the  mixture  for 
twenty-four  hours,  then,  after  thorough  washing  in  water,  they  are  put 
for  twenty-four  hours  in  70-per-cent.  alcohol,  and  then  in  strong  alcohol, 
in  which  they  are  kept. 

Corrosive  Sublimate. — This  is  a  most  excellent  fixative  for  delicate 
structures.     A  convenient  form  is  Lang's  Solution.     Its  formula  is: 

Mercuric  chlorid 5  gms. 

Sodium  chlorid 6  gms. 

Hydric  acetate,  glacial 5  c.c. 

Water 100  c.c. 

The  tissues  should  remain  in  sublimate  solution,  as  a  rule,  not  longer 
than  from  one  to  three  hours. 

Specimens  fixed  in  sublimate  develop  a  mercurial  precipitate,  do  not 
stain  well,  and  become  brittle  unless  the  excess  of  sublimate  is  removed. 
This  can  be  largely  done  by  prolonged  washing  in  running  water.  But 
it  is  much  more  easily  and  certainly  accomplished  by  the  chemical  action 
of  dilute  iodin  solution.  The  specimen  is  removed  from  the  sublimate 
mixture  and  put  at  once  into  70-per-cent.  alcohol.  To  this  is  added 
from  time  to  time  a  sufficient  quantity  of  saturated  alcoholic  solution  of 
iodin  (or  tincture  of  iodin)  to  give  the  alcohol  a  moderately  deep  iodin 
color.  At  first  this  color  gradually  disappears,  and  the  iodin  solution 
should  be  repeatedly  added  until  the  color  persists.  The  specimens 
are  now  transferred  to  70-per-cent.  alcohol,  and,  after  twenty-four-hours, 
to  strong  alcohol. 

Zenker's  fluid  is  a  good  fixative  and  acts  rapidly.  It  is  a  combina- 
tion of  Muller's  fluid  and  corrosive  sublimate  with  acetic  acid.  Its 
formula  is: 

Potassium  bichromate 2.5  parts. 

Sodium  sulphate 1      part. 

Mercuric  chloride 5      parts. 

Hydric  acetate,  glacial 5      parts. 

Water 100      parts. 


METHODS    OF    PRESERVING    PATHOLOGICAL   SPECIMENS  1031 

The  acetic  acid  should  be  added  at  the  time  of  using,  since  the  com- 
plete mixture  readily  decomposes.  Small  pieces  of  tissue  may  be  hard- 
ened in  this  solution  in  from  four  to  twenty-four  hours.  They  should 
be  thoroughly  washed  in  running  w^ater  and  preserved  in  80-per-cent. 
alcohol.  The  use  of  iodin  to  remove  the  excess  of  sublimate,  as  described 
under  Lang's  solution,  above,  is  desirable  here  also. 

Pathological  specimens  which  occur,  or  are  isolated,  in  the  form  of 
membranes,  should  be  stretched  with  pins  on  a  piece  of  wood  or  flat 
cork  before  being  immersed  in  the  preservative  fluids.  Minute  struc- 
tures, such  as  occur  in  exudates  from  the  mucous  membranes  and  in 
cyst  fluids,  renal  casts,  etc.,  may  be  hardened  in  Flemming's  osmic-acid 
mixture  or  in  formalin  followed  by  alcohol.  Under  these  conditions 
renewals  or  changes  of  the  fluids  may  be  effected  in  tubes  by  the  use  of 
the  centrifugal  machine.  The  specimens  may  finally  be  preserved  in 
80-per-cent.  alcohol. 

Decalcifjdng. 

Bones  which  are  the  seat  of  lesions,  and  calcified  tissues,  must  be 
freed  from  lime  salts  before  thin  sections  can  be  made. 

Tissues  which  are  to  be  decalcified  should  be  in  small  pieces  and  first 
well  hardened  in  alcohol,  formalin,  or  Orth's  fluid.  Zenker's  fluid  and 
sublimate  are  not  satisfactorv. 

The  best  method  for  the  rapid  decalcification  of  tissues  is  by  means  of 
a  solution  of  nitric  acid  containing  5  parts  by  weight  of  the  acid  to  95  parts 
of  water.  The  strong  nitric  acid  of  commerce  has  a  specific  gravity  of 
1.414  and  contains  sixty-eight-per-cent.  of  acid;  approximately  7.5  c.c. 
of  acid,  therefore,  are  to  be  used  with  92.5  c.c.  of  water.  The  amount  of 
fluid  used  should  be  large,  and  it  should  be  frequently  shaken,  or,  prefer- 
ably, kept  turning  with  one  of  the  small  water  motors  used  in  chemical 
laboratories.  The  fragments  of  tissue  should  be  tested  repeatedly  by 
pricking  them  with  a  fine  steel  needle.  When  no  grating  is  felt  along  the 
needle  it  may  be  assumed  that  the  lime  has  disappeared.  The  fragments 
are  then  transferred  to  a  five-per-cent.  solution  of  sodium  sulphate  for 
twelve  to  twenty-four  hours,  and  then  washed  for  forty-eight  hours  in 
running  water.  The  tissue  can  then  be  cut  on  a  freezing  microtome,  or 
embedded  in  celloidin  or  paraffin. 

Embedding  and  Section  Cutting. 

EMBEDDING. 

Some  dense  tissues,  after  being  well  hardened,  are  sufficiently  solid  to 
permit  of  thin  sections  being  made  from  them  without  further  prepara- 
tion, but  in  most  cases  very  thin  sections  cannot  be  prepared  without 
filling  the  interstices  of  the  tissue  with  some  embedding  material,  which 
gives  it  greater  consistence  and  holds  the  tissue  elements  firmly  in  their 
natural  relations  to  one  another,  while  the  section  is  being  made.  Cel- 
loidin and  paraffin  are  the  most  generally  useful  materials  for  this  purpose. 

Celloidin,  a  non-explosive,  purified  form  of  gun-cotton,  is  best 
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obtained  in  the  form  of  thin  shavings,  since  in  this  form  it  is  most  easily 
dissolved.  A  6-per-cent  solution  is  made  in  equal  parts  of  sulphuric 
ether  and  strong  alcohol.  The  specimen  in  small  pieces  is  soaked  for 
twelve  hours  in  this  celloidin  solution  diluted  with  an  equal  amount  of 
the  mixture  of  alcohol  and  ether,  then  for  twelve  hours  in  the  6-per- 
cent, celloidin  solution.  If  the  specimen  be  small  and  require  but  little 
support,  it  may  now  be  laid  directly  on  the  end  of  a  small  block  of  wood 
or  cube  of  glass  or  vulcanite,  and  a  few  drops  of  celloidin  poured  around 
it.  In  most  cases,  however,  it  is  better  to  make  a  small  paper  box,  in 
which  the  specimen  is  placed  in  a  proper  position,  and  the  celloidin 
poured  in  around  it  so  as  completely  to  enclose  it.  In  either  case  a  con- 
siderable quantity  of  celloidin  should  be  poured  around  the  specimen, 
since  the  celloidin  shrinks  considerably  in  hardening.  The  paper  box 
may  be  made  by  winding  a  strip  of  thin  paper  around  the  end  of  the 
supporting  block,  allowing  it  to  project  for  a  sufficient  distance  beyond 
the  end.  The  paper  is  held  in  place  by  a  rubber  band.  We  have  thus 
a  cylindrical  box  with  a  solid  bottom  projecting  below  it  by  which  the 
whole  can  be  held  in  the  clamp  of  the  microtome. 

After  the  specimen,  either  free  on  the  end  of  the  block  or  in  its  box, 
is  surrounded  by  celloidin,  it  should  be  allowed  to  stand  for  a  short  time 
exposed  to  the  air,  so  that  the  celloidin  may  harden  on  the  outside  by  the 
evaporation  of  the  ether.  If  the  temperature  be  high,  the  too  rapid 
evaporation  of  the  ether  will  cause  bubbles  to  appear  in  the  mass.  This 
should  be  avoided  by  covering  the  specimen  with  a  bell-jar.  After  the 
celloidin  mass  has  acquired  sufficient  hardness  on  the  outside  to  keep  its 
shape,  the  whole  should  be  placed  in  80-per-cent.  alcohol,  in  which 
the  celloidin  will  harden  and  acquire  a  sufficient  consistence  for  cutting 
in  a  few  hours.  When  this  is  accomplished  the  paper  may  be  stripped 
oflf,  and  the  specimen  is  ready  for  sectioning. 

After  the  sections  have  been  cut  they  may  be  stained  in  the  usual  way 
(see  below)  and  mounted  in  glycerin  or  balsam.  If  mounted  in  balsam, 
the  oil  of  origanum  cretici  is  used  for  clearing. 

The  uncut  portion  of  tissue  may  be  preserved,  embedded  in  celloidin, 
by  keeping  it  in  80-per-cent.  alcohol.  It  is  better,  in  permanent  pre- 
servation of  uncut  celloidin-embedded  specimens  in  bulk,  to  cut  them 
oflf  from  the  wooden  blocks,  since  alcohol  extracts  from  these  a  dark 
resinous  material  which  colors  the  specimen  and  interferes  with  the 
staining  of  sections.  If  glass  or  vulcanite  blocks  be  used,  the  whole  may 
be  kept  in  alcohol. 

Stepanow  has  recently  devised  a  more  rapid  procedure  in  celloidin 
embedding.  The  celloidin  solution  is  made  by  the  following  formula,  a 
few  days  being  required  for  dissolving: 

Celloidin 15  gm. 

Oil  of  cloves 50  c.c. 

Ether   200  c.c. 

Absolute  alcohol    10  c.c. 

The  hardened  specimen  is  transferred  from  strong  alcohol  to  a  small 


METHODS    OP    PRESERVING    PATHOLOGICAL   SPECIMENS  1033 

portion  of  the  solution  in  a  closed  bottle.  In  from  three  to  six  hours  a 
small  piece  of  ordinary  tissue  is  usually  impregnated.  It  is  then  put  in 
position  on  the  mounting  block  and  placed  in  pure  chloroform.  In  this 
the  proper  consistency  for  section  cutting  is  secured  in  from  two  to  three 
hours,  after  which  the  whole  is  transferred  to  80-per-cent.  alcohol.  If 
the  specimen  remaining  after  sections  have  been  secured  is  to  be  kept,  it 
should  be  removed  from  the  block  and  placed  in  chloroform. 

For  further  details  of  this  method  see  the  original  description.* 

Paraffin. — ^For  some  purposes,  especially  when  extremely  thin 
though  not  large  sections  are  required,  paraflSn  embedding  is  almost 
indispensable.  The  sections  of  tissues  thus  embedded  may  be  cut 
exceedingly  thin  (2  to  3  a«,  or  even  1  fi,  with  the  Minot- Blake  microtome), 
and  when  these  are  fixed  to  the  slide  and  appropriately  stained,  the  con- 
ditions for  the  study  of  cjrtological  details  are  more  favorable  than  by 
any  other  method.  For  the  parafiin  technique  the  specimen  should  be 
small,  say  one-half  cubic  centimetre  as  a  maximum  limit.  The  specimen, 
freed  from  the  preservative  fluid,  is  dehydrated  by  graded  alcohols  as 
follows:  30-per-cent.,  50-per-cent.,  70-per-cent.,  85-per-cent.,  and  finally 
95-per-cent.,  remaining  in  each  of  these  alcohols  for  two  or  several  hours, 
and  is  then  placed  in  absolute  alcohol.  Complete  dehydration  of  the 
specimen  is  indispensable,  for,  if  the  slightest  trace  of  water  be  left  in 
the  specimen,  shrinkage  or  other  artificial  changes  in  the  tissue  are  apt 
to  occur,  when  the  specimen  is  transferred  to  the  clearing  media  prepara- 
tory to  immersion  in  the  melted  parafiin. 

When  the  specimen  is  thoroughly  dehydrated  by  absolute  alcohol,  it 
should  be  put  into  a  mixture  of  carbon  disulphide  and  alcohol,  equal 
parts;  then  into  pure  carbon  disulphide;  then  into  carbon  disulphide 
saturated  with  paraffin  at  room  temperature;  and,  finally,  into  carbon 
disulphide  saturated  with  paraffin  at  37®  C.  If  the  block  is  thin,  it 
must  remain  in  each  of  these  mixtures  for  from  three  to  four  hours.  If 
it  is  large,  the  time  must  be  proportionately  longer.  The  specimen  is 
then  transferred  to  a  dish  of  melted  paraffin,  and,  after  one  hour,  to  a 
second  dish  of  melted  paraffin  for  one  hour.  Paraffin  with  a  melting 
point  of  52®  C.  is  usually  employed.  At  the  end  of  two  houi^s  the  tissue 
is  removed  and  embedded  in  fresh  paraffin. 

A  small  paper  box  considerably  larger  than  the  specimen  itself  is 
filled  with  melted  paraffin,  and  with  a  warm  needle  or  forceps  the  speci- 
men is  transferred  to  the  paper  box  and  set  in  its  proper  position  in  the 
bottom,  so  that  the  surface  to  be  cut  lies  against  the  bottom  of  the  box. 
In  order  to  avoid  the  slow  cooling  of  the  paraflSn  around  the  specimen  in 
successive  layers,  which  prevents  the  formation  of  a  homogeneous  mass, 
the  paper  box  with  its  contents  is  quickly  cooled  by  being  put  into  cold 
water,  even  iced  water.  When  the  paraffin  block  is  hard,  it  is  fastened 
with  paraffin  on  to  one  of  the  various  discs  belonging  to  the  paraffin 
microtome,  trimmed  so  as  to  have  a  rectangular  cutting  surface,  and 
sections  are  cut  with  a  dry  knife.  In  order  to  stain  these  sections, 
the  paraffin  must  be  removed  from  the  interstices;  this  may  be  done  with 

*  Stepanow,  Zeitschr.  f.  wissenschaftl.  Mikroscopie,  Bd.  xvii.,  p.  185,  1900. 
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xylol.  But  when  the  supporting  paraffin  is  removed  from  the  sections 
they  are  liable  to  fall  to  pieces  during  the  further  staining  and  other 
manipulations.  The  only  practical  plan  therefore  with  the  great  major- 
ity of  paraffin  sections  is  to  affix  them  to  a  slide  and  carry  them  in  this 
way  through  the  various  staining  and  mounting  procedures. 

The  best  way  of  affixing  delicate  paraffin  sections  to  a  slide  is  by 
means  of  a  thin  film  of  albumen.  Equal  parts  of  white  of  egg  and 
glycerin  are  thoroughly  stirred  together,  filtered  through  paper,  and  a 
small  amount  of  carbolic  acid  is  added  to  prevent  the  growth  of  micro- 
organisms. A  very  small  drop  of  this  albumen  mixture  is  placed  on  one 
end  of  the  slide,  and  with  the  ball  of  the  finger  or  a  fold  of  cloth  it  is 
spread  over  the  rest  of  the  slide  in  as  thin  a  film  as  possible.  While  this 
scarcely  perceptible  film  of  albumen  fixative  is  still  moist,  the  paraffin 
sections  or  the  ribbons  of  serial  sections,  divided  into  proper  lengths,  are 
laid  upon  the  film  and  gently  tapped  down  flat  with  a  small  camel  's-hair 
brush  or  the  finger-tip.^ 

The  slide  with  the  attached  paraffin  sections  is  now  heated  over  a 
flame,  warmed  just  sufficiently  to  begin  to  melt  the  paraffin;  this  is  a  very 
delicate  point  in  the  operation.  Just  enough  heat  must  be  used  to  melt 
the  paraffin  and  no  more.  If  the  slide  be  heated  beyond  this  point,  the 
sections  may  be  shrunken  or  completely  ruined.  While  the  slide  is  still 
warm,  it  is  plunged  into  a  jar  of  xylol,  oscillated  to  and  fro  a  few  seconds, 
then  placed  in  a  jar  of  absolute  alcohol,  then  passed  through  a  seri^  of 
jars  containing  different  strengths  of  alcohol — 95-per-cent.,  70-per-cent., 
50-per-cent.,  and  30-per-cent.,  remaining  a  few  minutes  in  each,  and 
finally  into  water.  Now  the  sections  upon  the  slide  may  be  stained  in 
whatever  way  desired,  carried  up  through  the  graded  alcohols  to  absolute 
alcohol,  then  cleared  in  xylol  or  other  clearing  media,  and  mounted  in 
balsam. 

Tightly  covered  cylindrical  jars — the  Coplin  jar  is  excellent — or  wide- 
mouthed  bottles  are  used  for  the  better  manipulation  of  paraffin  sections, 
the  whole  slide  being  dropped  into  the  receptacle  for  staining  as  well  as 
for  the  dehydration  and  clearing. 

SECTION  CUTTING. 

This  may  be  done  in  an  emergency  by  the  free  hand  with  a  razor 
ground  flat  on  the  lower  side,  but  better  sections  can  be  obtained  by 
means  of  a  microtome,  and  practically  all  section  cutting  for  microscop- 
ical purposes  is  done  by  some  form  of  this  instrument.  One  of  the 
most  useful  of  these  is  Thoma's.  The  Schanze  microtome  is  also  well 
adapted  for  general  work,  as  are  some  of  the  American  instruments 

*  Not  infrequently  very  thin  paraffin  sections  curl  or  become  oomigated  as  th^r  leave  the  knife, 
so  that  it  is  difficult  to  place  them  flat  upon  the  fixative  film.  Should  this  occur,  a  few  drc^is  of  «»tcr 
may  be  spread  out  in  a  thin  layer  over  the  albumen  film  while  it  is  still  moist  on  the  side,  and  the 
whole  slide,  with  the  layer  of  water  upon  its  surface,  is  very  gently  heated  over  the  flame — ^just  sufi- 
cinetly  to  soften  but  not  to  melt  the  paraffin.  If  the  sections  are  then  floated  on  the  warm  byer  ct 
water,  they  will  uncurl  and  flatten  out.  The  water  is  then  drained  off,  when  the  flattened  sectioDS  «dl 
lie  flat  upon  the  fixative  film  and  remain  fastened  there.  All  traces  of  the  water  are  now  allowed  to 
evaporate  in  the  air;  or,  the  evaporation  of  the  water  may  be  hastened  by  exposure  to  a  tempeiatuit 
four  or  five  degrees  below  the  melting-point  of  the  paraffin. 
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made  on  the  same  plan.  For  cutting  sections  of  tissues  embedded  in 
paraffin,  and  especially  for  serial  sections,  the  Minot  microtome  of  the 
improved  form,  as  made  by  the  International  Instrument  Company  of 
Cambridge,  Mass.,  is  excellent. 

Methods  of  Staining. 

Sections  of  hardened  tissues  may  be  stained  for  microscopical  study 
in  a  variety  of  ways,  but  for  routine  work  the  double  staining  with  hsema- 
toxylin  and  eosin  is  most  generally  useful,  and  is  applicable  to  nearly 
all  cases. 

HiEMATOXYLiN  solutiou  (Delafield 's)  is  prepared  as  follows:  To  100 
cubic  centimetres  of  saturated  solution  of  ammonia  alum  add  1  gram  of 
hematoxylin  crystals  dissolved  in  6  cubic  centimetres  of  95-per-cent. 
alcohol.  This  solution  is  exposed  to  the  Ught  for  a  week,  the  color 
meanwhile  changing  from  a  dirty  red  to  a  deep  bluish-purple  color.* 
Then  25  cubic  centimetres  each  of  glycerin  and  wood  naphtha  are  added. 
This  mixture  is  allowed  to  stand  for  a  day  or  two  and  is  then  filtered,  and 
the  filtration  is  repeated  at  intervals  until  a  sediment  no  longer  forms. 

The  solution  is  now  ready  for  staining,  the  best  results  being  obtained 
by  diluting  the  fluid  with  from  ten  to  twenty  times  its  bulk  of  water. 
The  sections  are  immersed  in  the  fluid,  and  allowed  to  remain  until  they 
have  acquired  a  distinct  purple  color  which  persists  after  rinsing  in 
water.  They  are  now  placed  for  a  moment  in  a  dilute  alcoholic  solution 
of  eosin,  and  then  mounted  in  glycerin  which  has  been  colored  lightly 
with  an  alcoholic  solution  of  eosin.  In  this  way  the  nuclei  of  the  cells 
will  be  stained  of  a  purple  color,  while  the  cell  bodies,  and  to  a  certain 
extent  the  intercellular  substance,  will  be  colored  a  light  rose  red. 

If  specimens  are  to  be  mounted  in  Canada  balsam,  they  are  stained 
with  hematoxylin  as  before,  and  the  eosin  staining  is  done  by  tinging 
with  a  saturated  alcoholic  solution  of  eosin,  the  alcohol  with  which  the 
final  dehydration  of  the  specimen  is  accomplished.  A  similar  result 
may  be  obtained  by  tinging  the  oil  of  cloves  or  origanum  with  which  the 
clearing  of  the  sections  is  effected. 

Iron  HcemcUoxylin  (HeidenhaMs). — Sections,  preferably  fixed  to  the 
slide,  are  soaked  for  three  to  six  hours  in  a  2.5  per-cent.  solution  of  ferric 
ammonium  alum.  They  are  then  stained  for  twenty-four  hours  in  a 
mixture  of  haematoxylin,  1  gram;  absolute  alcohol,  10  c.c;  water  90  c.c. 
After  washing  in  tap  water,  the  sections  are  differentiated  in  the  alum 
solution,  2.5-per-cent.  or  weaker,  depending  upon  the  desired  rate  of 
decoloration.  The  preparations  should  be  watched  carefully  under  the 
microscope  to  determine  when  the  desired  depth  of  standing  is  reached. 
This  method  is  especially  valuable  for  the  study  of  nuclear  struc- 
tures, the  color  of  these  ranging  from  blue  to  black,  depending  upon  the 
length  of  time  of  immersion  in  the  stain  and  the  grade  of  differentiation. 

PiCRO-ACiD  FucHsiN  (Van  Gieson's  Stain). — This  double  stain,  first 

*  The  time  required  for  this  "  ripening"  of  the  solution  may  be  spared  by  the  use  of  hsematin  in  the 
place  of  hematoxylin. 
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suggested  by  Van  Gieson,  especially  for  the  nerve  tissue,  has  wide  appli- 
cations in  both  normal  and  pathological  histology,  and  is  most  useful 
when  following  a  deep  hsematoxylin  stain. 

It  colors  the  fibriUated  connective-tissue  fibres  and  the  neuroglia  in 
general  a  bright  or  garnet  red,  and  also  the  axis  cylinders  and  ganglion 
cells.  Myelin,  muscle  fibres,  and  certain  other  cells  are  stained  yellow, 
while  the  nuclei  after  the  haematoxylin  stain  are  brownish  red  in  color. 
Van  Gieson's  stain  is  also  of  value,  although  its  limitations  in  this  par- 
ticular are  not  yet  fully  determined,  as  a  coloring-agent  for  hyalin, 
amyloid,  colloid,  and  mucin  in  the  tissues.  As  a  differential  stain  for 
fibrillated  connective-tissue  fibres  it  is  of  value  in  the  study  of  various 
tumors  and  especially  of  the  sarcomata. 

It  is  commonly  prepared  in  two  strengths,  the  stronger  for  use  espe- 
cially in  nerve-tissue  staining,  the  weaker  for  general  purposes.  The 
formulae  and  method  of  using  as  suggested  by  Freeborn^  are  as  follows: 

Picro-add  Fuchsin. 

Stronger  solution — 

l-per-cent.  aqueous  solution  acid  fuchsin 15  c.c. 

Saturated  aqueous  solution  picric  acid  and  water,  each     50  c.c. 
Weaker  solution — 

l-per-cent.  aqueous  acid  fuchsin 5  c.c. 

Saturated  aqueous  solution  picric  acid 100  c.c. 

The  tissues  may  be  hardened  either  in  alcohol,  or  in  Orth  's  fluid,  or 
in  formalin. 

Sections  are  first  stained  deeply  with  haematoxylin,  washed  in  water, 
and  put  into  the  staining  fluid,  in  which  they  remain  for  varying  periods, 
depending  upon  the  tissue  and  the  strength  of  the  stain,  but  in  general 
from  one  to  five  minutes.  The  sections  are  now  rapidly  dehydrated  by 
alcohol,  cleared  with  oil  of  origanum,  and  mounted  in  balsam. 

Mallory's  Anilin-blue  Stain. — This  stain  is  especially  useful  in 
bringing  out  in  blue  the  fibrillae  and  reticulum  of  connective  tissue, 
though  various  hyaline  substances  are  similarly  colored.  The  nuclei, 
protoplasm,  elastic  fibres,  axis  cylinders,  neuroglia  fibres,  and  fibrin  are 
stained  red;  while  red  blood  cells  and  myelin  sheaths  are  yellow. 

The  details  of  the  method  are  as  follows:' 

1.  Fix  in  Zenker's  fluid. 

2.  Embed  in  celloidin  or  paraffin. 

3.  Stain  sections  in  a  two-tenth-per-cent.  aqueous  solution  of  acid 
fuchsin  for  five  minutes  or  longer. 

4.  Transfer  directly  to  the  following  solution  for  twenty  minutes  or 

longer: 

Anilin  blue  soluble  in  water  (Griibler) 0.5 

Orange  G.  (Grubler) 2.0 

l-per-cent.  aqueous  solution  of  phosphomolybdic  acid 100. 

5.  Wash  and  dehydrate  in  several  changes  of  95-per-cent.  alcohol. 

6.  Clear  in  xylol  or  in  oil  of  origanum. 

7.  Xylol  balsam. 

»  Freeborn,  Proc.  New  York  Path.  Soc,  1893,  p.  73. 
See  MaUory  and  H^ri<;A/."  Pathological  Technic."  5th  edition,  1913,  p.  322. 
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Methylene  blue  is  a  useful  stain  for  many  purposes.  The  tissues 
may  be  hardened  in  Zenker 's  or  Orth  's  fluid. 

Giemsa's*  Stain  for  Blood  and  Tissues. — The  stain  is  prepared  as 
follows: 

Azur  II-Eosin  3.0  gm. 

Azur  II      0.8  gm. 

Glycerin  c.  p 250. 0  c.c. 

Methyl  alcohol  c.  p 250. 0  c.c. 

The  dyes  are  thoroughly  dried  over  H^SO^,  finely  pulverized,  and  sifted  through  a 
fine-meshed  silk  sieve;  then  dissolved  by  shaking  in  the  glycerin  heated  to  60**  C.  To 
this  glycerin  solution  is  added  the  methyl  alcohol  also  heated  to  60°  C,  the  whole 
thoroughly  shaken  and  allowed  to  stand  for  twenty-four  hours  and  then  filtered. 

The  stain  is  prepared  for  the  market  ready  for  use  by  Grttbler. 

For  Staining  Blood. — 1.  Air-dried  blood  smears  are  fiixed  for  two 
to  three  minutes  in  methyl  alcohol  and  dried  off  with  fiilter  paper. 

2.  The  dye  is  diluted  with  water  (1  drop  of  the  dye  to  about  1  c.c. 
of  distilled  water).  The  water  may  to  advantage  be  warmed  to  30® 
to  40®  C. 

3.  Pour  the  freshly  diluted  dye  over  the  smear  and  stain  for  ten  to 
fifteen  minutes. 

4.  Wash  off  in  water  jet. 

5.  Dry  partially  with  blotting  paper  and  then  in  the  air.  Mount  in 
balsam. 

For  Staining  Tissues. — ^For  staining  tissues  the  following  method 
of  Schridde'  may  be  useful. 

1.  Five  micra  paraffin  sections  are  stained  for  twenty  minutes  in  a 
mixture  of  two  drops  of  Giemsa's  solution  and  1  c.c.  of  water. 

2.  Washed  carefully  in  water. 

3.  Dried  off  with  blotting  paper. 

4.  Transferred  immediately  to  anhydrous  chemically  pure  neutral 
acetone. 

5.  Transferred  to  xylol.     Mounted  in  neutral  dammar. 

Unna's  Polychrome  Methylene-blue  Stain. — This  is  prepared 
for  the  market  by  Grubler.  The  formula  for  its  use  given  by  Mallory 
and  Wright  is  as  follows: 

1.  Stain  paraffin  or  celloidin  sections  hardened  in  alcohol  in  poly- 
chrome methylene-blue  five  to  ten  minutes  or  longer. 

2.  Wash  in  acidulated  water. 

3.  Fix  in  10-per-cent.  solution  of  bichromate  of  potassium  half  a 
minute. 

4.  Wash  in  water. 

5.  Dry  on  slide  with  filter-paper. 

6.  Decolorize  in  anilin  plus  1-per-cent.  hydrochloric  acid  (a  few 
seconds  only). 

7.  Wash  off  with  oil  of  bergamot. 

8.  Balsam. 

1  Oiemaa,  Centbl.  f.  Bakt..  Abth.  I..  Orig.  Bd.  xxxvii.,  p.  308,  1904. 
Schridde,  Cent.  f.  aUg.  Path..  Bd.  xvi.,  p.  769,  1905. 
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Thionin. — Thionin  is  especially  useful  as  a  stain  for  mucin.  In  the 
following — Hoyer's  formula — the  mucin  is  colored  red,  the  remaining 
tissue  blue. 

1.  Harden  in  corrosive  sublimate,  followed  by  alcohol. 

2.  Paraffin  sections  are  passed  through  xylol  or  chloroform  to  free 
them  from  paraffin,  then  95-per-cent.  alcohol  and,  after  washing  in  water, 
are  then  placed  in  a  5-per-cent.  aqueous  solution  of  corrosive  sublimate 
for  three  to  five  minutes. 

3.  Stain  in  a  dilute  solution  of  thionin  for  ten  to  fifteen  minutes. 

4.  Alcohol. 

5.  Clear  in  the  mixture  of  the  oils  of  cloves  and  thyme. 

6.  Turpentine  oil  or  oil  of  cedar. 

7.  Balsam. 

The  sublimate  should  not  be  removed  from  the  tissues  by  iodin,  as  is^ 
usual  as  a  preliminary  to  staining. 

Thionin  is  useful  for  the  staining  of  exudates,  frozen  sections,  etc.  It 
may  be  kept  in  a  stock  saturated  aqueous  solution  to  be  variously  dUuted 
as  used. 

Best's  Method  for  Staining  Glycogen. — The  tissues  are  hardened  in 
alcohol,  ten-per-cent.  trichloracetic  acid,  formalin,  or  sublimate.  Wash- 
ing in  water  must  be  avoided,  the  preparations  being  transferred  directly 
to  alcohol.  The  material  is  then  embedded  in  celloidin,  and  cut.  Paraffin 
sections  must  be  flooded  with  a  thin  celloidin  solution  after  the  paraffin 
has  been  removed,  and  should  be  flattened  on  warm  alcohol  instead  of  on 
warm  water. 

The  stain  is  made  up  as  follows: 

Carmine, 2  gms. 

Potassium  carbonate, 1  gm. 

Potassium  chloride, 5  gms. 

Distilled  water, 60  c.c. 

The  mixture  is  boiled,  and  20  c.c.  of  strong  liquor  ammonite  are  added. 
It  is  then  ready  for  use  and  keeps  for  some  three  weeks.  The  technique 
is  as  follows: 

1.  Stain  deeply  with  Delafield's  haematoxylin. 

2.  Wash  in  water. 

3.  Stain  in  carmine  solution,  2  parts;  strong  liquor  ammoniac,  3  parts; 
methyl  alcohol,  3  parts. 

4.  Transfer  to  a  mixture  of  methyl  alcohol,  40  c.c. ;  absolute  alcohol, 
80  c.c. ;  distilled  water,  100  c.c.  The  sections  are  allowed  to  remain  in 
this  mixture  for  one  to  five  minutes. 

5.  Wash  in  eighty-per-cent.  alcohol;  transfer  to  absolute  alcohol;  and 
through  xylol  to  balsam. 

The  glycogen  granules  stain  red;  the  nuclei  are  blue.  The  stain  colors 
all  of  the  glycogen  and  also  certain  secreting  cells  of  the  stomach,  corpora 
amylacea  of  the  nervous  system,  fibrin,  and  occasionally  mucus  and  the 
granules  of  mast  cells;  it  also  colors  calcified  bone. 
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Methods  of  Preserving  Specimens  for  Gross  Demonstration  and  for 

Mtiseums. 

When  specimens  of  abnormal  tissues  or  organs  are  to  be  preserved 
entire  for  exhibition  in  jars  in  a  museum,  the  superfluous  parts  are  first 
removed  and  the  requisite  dissections  made.  Then  they  are  carefully 
placed  in  the  position  and  form  which  it  is  wished  to  preserve,  by  stuff- 
ing with  horsehair  or  absorbent  cotton  and  by  the  use  of  thread.  When 
thus  carefully  adjusted  they  are  either  suspended  or  laid  on  a  wad 
of  absorbent  cotton  in  60-  to  80-per-cent.  alcohol  or  in  5-per-cent. 
formalin  solution.  In  this  they  usually  become  hard,  and  finally,  after 
the  removal  of  the  temporary  stuffing  and  braces,  are  transferred  for 
permanent  exhibition  to  fresh,  clear,  80-per-cent.  alcohol,  or,  in  case 
of  formalin  hardening,  to  a  fresh  solution  of  the  formalin,  to  which,  if 
the  jar  is  likely  to  be  exposed  to  cold,  a  little  glycerin  is  added  to  pre- 
vent freezing.  This  description  applies  especially  to  such  specimens  as 
have  cavities  to  distend  or  display. 

The  more  simple  specimens,  such  as  the  solid  viscera,  tumors,  etc., 
may  be  washed  and  hardened  in  60-per-cent.  alcohol  or  in  formalin 
solution.* 

In  many  cases  an  excellent  hardening  is  obtained  by  injecting  the 
preservative  fluid  through  the  blood-vessels.  The  lungs  are  well  hard- 
ened by  pouring  the  fluid  through  the  trachea  into  the  air  spaces. 

Firm-walled  cysts  of  various  kinds  are  well  preserved  in  a  condition 
of  distention  by  drawing  off  the  natural  contents  through  a  fine  cannula 
and  refilling  with,  and  immersing  in,  formalin  solution.  Delicate  cystSf 
such  as  echinococcus  cysts,  small  embryos  in  their  membranes,  cystic  kid- 
neys, etc.,  may  be  preserved  in  a  nearly  natural  condition  in  formalin.' 

Kaiserling's  Method  of  Fixing  Natural  Colors  in  Mtiseum  Specimens.' 

1.  Fixation  for  one  to  five  days  in: 

Formaldehyde 200  c.c. 

Water 1000  c.c. 

Nitrate  of  potassium 15  gm. 

Acetate  of  potassium 30  gm. 

Change  the  position  of  the  specimen  frequently.  The  time  of  fixation 
varies  with  the  tissue  or  organ  and  size  of  the  specimen. 

2.  Drain  and  place  in  80-per-cent.  alcohol  one  to  six  hours,  and 
then  in  95-per-cent.  alcohol  for  one  to  two  hours,  to  restore  the  color, 
which  is  somewhat  affected  in  the  fixing  solution. 

*  For  a  method  of  preparing  thick  serial  sections  of  brain  for  permanent  preservation  in  formalin 
and  gelatin  see  Mankowsky,  Cbl.  f.  Path.,  Bd.  xvii.,  1906,  p.  467.  Also,  for  the  method  of  preserving 
sections  and  whole  structures  for  exhibition  in  gelatin  see  Watterg,  Medical  Record,  vol.  Ixx.,  p.  985, 1906. 

*  For  the  technique  of  the  clearing  method  by  potassium  hydroxid  in  the  demonstration  of  ossifica- 
tion centres,  distribution  of  blood-vessels,  etc.,  see  Hill,  Johns  Hopkins  Hosp.  Bull.,  voL  xvii.,  p.  Ill, 
1906. 

s  See  MaUory  and  Wright,  "Pathological  Technique."  1913,  5th  Edition,  p.  381. 
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3.  PreseiTe  in: 

Acetate  of  potassium 200  gm. 

Glycerin 400  c.c. 

Water 2000  c.c. 

Since  exposure  to  light  reduces  the  color  contrasts,  the  specimen 
should  be  prepared  and  kept  in  the  dark. 

The  Importance  of  Carehil  Fixation  and  Preservation. 

We  would  most  urgently  commend  to  the  reader  the  importance  of 
putting  pathological  specimens,  which  are  to  be  hardened  and  subse- 
quently examined  microscopically,  at  the  earliest  possible  moment  into 
the  preservative  fluids,  which  should  always  be  abundant.  Furthermore, 
when  specimens  are  large  it  is  very  desirable  to  cut  them  open,  so  that 
the  fluids  may  come  into  direct  contact  with  the  tissues.  It  should  be 
borne  in  mind  that  immediately  after  death  or  the  removal  of  parts  from 
the  body,  especially  in  warm  weather,  changes  commence  in  the  tissues 
and  progress  very  rapidly,  so  that  in  some  cases  a  few  hours '  or  even  a 
few  moments '  delay  will  not  only  render  subsequent  microscopical  exam- 
inations difficult  and  unsatisfactory,  but  may  lead  to  serious  errors. 
Alcohol  and  10-per-cent.  formalin  are  the  most  generally  useful  agents. 
Carbolic  acid  and  glycerin  shoidd  not  be  used,  even  for  the  temporary  preser- 
vation of  fresh  tissue.  They  not  only  do  not  harden  and  preserve  the 
tissue  elements,  but  they — especially  glycerin — ^render  them  almost  use- 
less for  microscopic  examination. 

The  not  uncommon  practice  of  wrapping  a  specimen  in  a  cloth  soaked 
in  alcohol  or  carbolic  acid,  and  permitting  it  to  remain  in  this  for  hours 
or  days,  is  of  no  use  whatever  in  preserving  specimens  of  which  micro- 
scopic examinations  are  to  be  made.  Almost  equally  useless  is  the  too 
common  practice  of  placing  a  specimen  in  a  bottle  which  it  nearly  fills, 
and  pouring  a  little  preservative  fluid  around  it.  Not  only  should  the 
proper  fluids  be  used,  but  these  should  be  abundant,  and  the  specimen 
so  prepared  and  arranged  that  they  may  come  into  direct  contact  with  it. 
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Abbott  and  Gilderaleeve,  on  acid-fast  bac- 
teria, ref.,  267 
Abderhalderif   on  ferments  in   diagnosis, 

ref.,  191 
Abdomen,  examination,  post-mortem,  of, 

1001,  1025 
Abdominal  pregnancy,  S42 

viscera,  position  of,  1002 
Ahelf  on  suprarenal  body,  434 
Abel  and  Davis,  on  skin  pigment,  ref.,  55 
Abramow,   on   blood-vessel    changes   in 
syphilis,  ref.,  274;  on  peritonitis,  ref., 
694 
Abrin  poisoning,  153;  ref.,  203;  425 
Abscess,  89,  200 
metastatic,  204 
nature  of,  199 
of  bone,  885,  888 
brain,  964 
heart,  538 
kidney,  754 
liver,  722 
limg,  611 
mamma,  844 
muscle,  873 
prostate,  866 
spleen,  504 
testicle,  857 
repair  of,  203 
retropharyngeal,  648 
splenic,  504 
tropical,  of  liver,  722 
Absorption,  23 

from  peritoneum,  694 
Acardiacus  acephalus,  328 
acormus,  328 
amorphus,  328 
anceps,  328 
Acarus  scabiei,  131 

Achard  and  Phidpin,  on  terminal  infec- 
tion, ref.,  158 
Achondroplasia,  896 
Achorion  Schdnleinii,  148 


Achromatic  figure  in  mitosis,  66 
Acid,  arsenious,  420 
carbolic,  423 
carbonic,  425,  427 
hydrochloric,  418 
hydrocyanic,  422 
nitric,  418 
oleic,  44 

osmic,  as  hardening  fluid,  1029 
oxalic,  418 
oxybutyric,  427 
sulphuric,  317 
tartaric,  419 
Aconite  poisoning,  425 
Acrania,  324,  927 
Acromegalia,  438 
Actinomyces,  136 
bovis,  231 
in  lung,  612 
Actinomycosis,  230 
of  appendix,  691 
brain,  976 
intestine,  691 
Adamantinoma,  415 

Adami^  on  arterio-sclerosis,  ref.,  565,  566; 
on  blood  in  septicaemia,  ref.,  205;  on  con- 
ditions of  disease,  ref.,  14;  on  dissecting 
aneurism,  ref.,  568;  on  hypertrophy, 
ref.,  62;  on  infection,  ref.,  151;  on 
inflanmiation,  110;  on  inflammation 
and  fibrosis,  ref.,  96;  on  mitosis,  ref., 
67;  on  retroperitoneal  lipoma,  ref., 
697;  on  reversion,  ref.,  63 
Adaptation,  8 

of  animals  to  alien  substances,  195 
Addison's  disease,  433 

internal  secretions  of  adrenals   in, 
434 
Adenitis,  483 
Adeno-carcinoma,  398 

of  uterus,  814 
Adeno-cystoma  of  ovary,  830 
Adenoids,  581,  648,  649,  650 
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Adenoma,  395,  398 
fibro-,  365 
foetal,  398,  432 
of  adrenals,  517 

Bartholin's  glands,  795 

bladder,  urinary,  788 

bronchi,  591 

gall-ducts,  743 

intestine,  690 

kidney,  776 

larjrnx,  585 

Uver,  735 

lung,  635 

mamma,  849 

mouth,  645 

oesophagus,  653 

ovary,  830 

pancreas,  706 

pituitary  body,  980 

prostate,  866 

stomach,  663 

testicle,  861 

thyroid,  513 

uterus,  814 
Adeno-sarcoma,  376 

AdUr,  on  gumma  of  heart,  ref.,  542;  on 

emigration  of  leucocytes,  ref.,   86; 

on  reaction  of  blood,  ref.,  453;  on 

tumors  of  lung,  ref.,  635;  ref.,  636 

Adler  and  MeUzety  on  lymph-vessels,  576 

Adrenalin,  degeneration  of  heart  muscle 

after  injections  of,  ref.,  541 
Adrenal^,  515 

accessory,  515 

atrophy  of,  515 

degeneration  of,  515 

examination,  post-mortem,  of,  1013, 

1026 
fat  infiltration  of,  515 
hemorrhage  in,  516 
hypertrophy  of,  62 
in  Addison's  disease,  434 
inflammation  of,  516 
malformations  of,  515 
myelin  substances  in,  515 
pigmentation  of,  516 
preservation  of,  1013 
size  of,  1013 
syphilis  of,  516 
thrombosis  of,  516 
tuberculosis  of,  434,  516 
tumors  of,  517 
weight  of,  1013 


Aerobes,  facultative,  137 

obligate,  137 
Afana^sieffy  on  granulation  tissue,  ref., 

152 
Age,  relation  of,  to  disease,  13 

relation  of,  to  tumor  growth,  344 
Agenesia,  321 
Agglutination,  179 
group,  180 

of  streptococci,  ref.,  210 
test,  180 

technique  of,  193 
Agglutinative  substances,  179 
Agglutinins,  179 

in  typhoid  fever,  246 
Aggressins,  153 
Agnathia,  321 
Ague  cak^,  505 
Air  emboli,  34 
in  blood,  470 

blood,  in  caisson  disease,  11 
pericardium,  518 
pleural  cavities,  637 
micro-organisms  in,  140,  ref.,  150 
supply,  relation  of,  to  disease,  9 
Akerlandf    on   membranous   colitis,  ref., 

682 
Albert,  on  trichiniasis,  ref.,  130 
Albrechtf    on   albuminous    d^eneratioii, 
ref.,  40;  on  myelogenous  substances  in 
cells,  ref.,  40;  on  origin  of  tumors,  ref., 
353. 
Albumen  film  for  fixing  specimen  to  slide, 

1028,  1034 
Albuminous  degeneration  (see  Degenen' 

tion,  albuminous),  39 
Albuminuria,  749 
Alcocky  on  mosquitoes,  ref.,  316 
Alcohol  as  tissue  fixative,  1029 

poisoning,  423 
Alcoholism,  chronic,  atrophy  of  braio  in. 
932 
meningitis  in,  917 
oedema  of  brain  in,  913 
Aleuronat  exudates,  195 
Alexander,  on  adrenals,  ref.,  515 
Alexines,  109,  161,  170,  172 
Allergins,  190 
Allergy,  190 
Aloes  poisoning,  422 
Amboceptor,  177 
Amitosis,  65,  67 
Ammonia  poisoning,  419 
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Amoeba  dysenteriffi,  115 
colitis.  676 

in  liver  abscess,  723 
Amyelia,  928 
Amyloid,  47 

degeneration  (see  Degeneration, 
amyloid),  48 
masses  in  larynx  and  trachea,  586 
technique  of  staining,  50 
tests  for,  50,  1012 
tumors  of  larynx  and  trachea,  586 
of  tongue,  646 
Amemia,  16,  19,  454 
aplastic,  474 
chlorotic,  471 
bone  marrow  in,  897 
infantum  pseudo-leuksemica,  479 
local,  19 

marrow  changes  in,  897 
of  brain,  934 
kidney,  748 
limg,  593 
liver,  709 
spleen,  501 
pernicious,  473 

phagocytosis  in,  after  trai^u- 
sion,  185 
secondary,  472 
splenic,  479 
Von  Jaksch,  479 
Anaerobes,  facultative,  137 

obligate,  137 
Anaphylaxis,  190 
Anaplasia  in  tumors,  351 
Anasarca,  22 

Anastomosis  of  blood-vessels,  18 
Anders  J  on  tuberculosis  of  heart,  ref.,  542 
Anderson,  on  B.  tuberculosis  in  blood., 

ref.,  264 
Anderson   and    Goldbergery   on   infective 

agent  in  Mexican  typhus,  301 
Anderson  and  Rosenau,  on  anaphylaxis, 

ref.,  190 
Anencephalia,  325,  927 
Aneurism,  567 
cirsoid,  569 

conditions  leading  to,  567 
cylindrical,  567 
dissecting,  568 
false,  568 
fusiform,  567 
miliary,  571 
multiple,  567 


Aneurism  mycotic,  567 
of  aorta,  570 

brain,  936,  981 
cerebral  arteries,  936 
of  coronary  arteries,  570 
heart,  529 
heart  valves,  530 
pulmonary  arteries,  570 
splenic  artery,  500 
sacculated,  567 
spiuious,  568 
varicose,  569 
Aneurismal  varix,  569 
Angina  (see  Pharyngitis),  648 
diphtheroid,  212 
membranous,  212 
Vincent's,  293 
Angio-lipoma,  382 
Angioma,  393 

cavemosum,  394 
h»m-,  393 
lymph-,  393 
of  bone,  902 

bladder,  urinary,  788 
brain,  977 
choroid  plexus,  927 
ependyma,  927 
intestine,  688 
kidney,  776 
larynx,  585 
lips,  645 
liver,  734 
mamma,  848 
mouth,  645 
muscle,  875 
oesophagus,  653 
ovary,  829 
penis,  855 
peritoneum,  697 
spleen,  510 
stomach,  663 
thymus,  511 
tongue,  646 
uterus,  813 
telangiectoides,  393 
Anglo-sarcoma,  374 
Anguillula,  131 
Anhydrsemia,  454 
Anilin-blue  stain,  1036 
dyes  for  bacteria,  143 
gentian- violet  stain  for  bacteria,  143 
Animal,    infectious    diseases     of,     319; 
also  ref.,  157 
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Animal  parasites,  114 

species,  relationships  of,  blood  test 
in,  172 

venom,  424 
Ankylostoma  duodenale,  128,  472 
Anopheles  in  malaria,  314 
Anapachj  on  teratoma  of  ovary,  ref.,  837 
Anterior  horn,  myelitis  of,  967 
Anthracosis  of  lung,  616 
Anthrax,  228 

bacillus,  229 

of  intestine,  691 
Antiamboceptor,  177 
Antibodies,  175 
Anticjrtolysins,  175 
Anticytotoxins,  175 

Antiformin  in  sputum  examinations,  260 
Antigen,  175,  190 
Anti-immune  substances,  177 
Anti-precipitin,  182 
Antithrombin,  453 
Antitoxin,  164 

Asiatic  cholera,  250 

definition  of,  167 

diphtheria,  164, 285 
unit  of,  ref,,  164 

plague,  289 

streptococcus,  211 

tetanus,  165,  287 

\mit,  ref.,  164 
Antivenins,  424 
Anus,  atresia  of,  667 
Aorta,  aneurism  of,  570 

double,  522 

examination,  post-mortem,  of,  1018 

hypoplasia  of,  439,  556 

insufficiency  of,  552 

malformations  of,  522 

rupture  of,  557 

stenosis  and  obliteration  of,  552,  571 

tuberculosis  of,  567 
Aphthse,  644 
Aplasia,  321 

Apoplectic  foci  in  brain,  936 
Apoplexy,  21 

cerebral,  935 

of  brain,  935 

placental,  823 

serous,  of  brain,  935 

spinal,  938 
Appendicitis,  684 
Appendix  vermiformis,  684 

absence  of,  667 


Appendix,  actinomycosis  of,  691 
bacteria  in,  687 
concretions  in,  686 
cysts  of,  686 
dilatation  of,  686 
diverticula  of,  668 
foreign  bodies  in,  686 
gangrene  of,  685 
in  typhoid  fever,  685 
inflammation  of,  684 
inversion  of,  688 
necrosis  of,  685 
obliteration  of  lumen  of,  686 
parasites  in,  688 
strictxu'es  of,  686 
tuberculosis  of,  686 
tumors  of,  690 
Arachnoid  (see  Pia  mater),  912 
Argyria,  56 
Arken,  on   syphilitic  ulcers  of  intestine, 

ref.,  674 
Arloingy  on  bactericidal  action  of  mucus, 

ref.,  150 
Amaud,  on  Addison's  disease,  ref.,  516 
Amheinif  on  spirochetes,  119 
Amoldf  on  diapedesis,  21 ;  on  fibrin  form- 
ation, ref.,  86;  on  iron  pigment  in  cells, 
ref.,    616;    on    lymph-nodes,  481;  on 
polyps  of  pharynx,  ref.,  650;  on  sar- 
coma of  liver,  737;  on  weight  of  heart, 
ref.,  1008 
AmspergeTf  on  dermoid  cysts  of  ovary, 

ref.,  836 
Arsenic  poisoning,  420^  656 
Artefacts  of  nervous  system,   ref.,  928, 

929,  999 
Arteries,  aneurism  of,  567,  570 
atheroma  of,  562 
calcification  of,  559 
cerebral,  aneurisms  of,  936 
embolism  of,  31,  942 
thrombosis  of,  942 
coronary,  aneurism  of,  570 
distribution  of,  ref.,  537 
embolism  of,  538 
endarteritis  of,  537 
examination,  post-mortem,  of, 

1008 
fibrous  nodules  on,  521 
infarction  of,  538 
lesions  of,  537 
sclerosis  of,  537 
thrombosis  of,  537 
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Arteries,  cysts,  atheromatous,  of,  561 

degeneration  of,  557 

emboli  in,  571 

hepatic,  lesions  of,  711 

inflammation  of  (see  Arteritis),  559 

of  brain  and  cord,  933 

pulmonary,  aneurism  of,  570 

embolism  and  thrombosis  of,  596 

renal,  embolism  and  thrombosis  of, 
749 

rupture  of,  557 

sclerosis  of,  559 

syphilis  of,  567 

terminal,  embolism  of,  29 

tuberculosis  of,  566 

tumor  emboli  in,  571 

tumors  of,  571 

wounds  of,  557 
Arterio-sclerosis,  559 

classification  of,  565 

conditions  leading  to,  564 

relation  to  heart  h3rpertrophy,  554 

kidney  lesions,  769 
Arteritis,  acute,  559 

chronic,  559 

embolic,  559 

end-,  559 

peri-,  559,  566 

syphilitic,  567 

thrombo-,  559 

tuberculous,  566 
Arthritis,  903 

chronic,  904 

deformans,  905 

exudative,  903 

gonococcal,  904 

gouty,  905 

pneumococcic,  ref.,  904 

rheumatic,  904 

sero-fibrinous,  904 

serous,  903 

suppxirative,  904 

tuberculous,  906 

uratica,  905 
Arthropathy,    hypertrophic    pulmonary, 

ref.,  438 
Arthropoda,  131 
Ascarellif  on  adipocere,  ref.,  987 
Ascaris  in  liver,  739 

pancreatic  duct,  707 

lumbricoides,  127 

maritima,  127 

my^tax,  127 


Asch,  on  excretion  of  bacteria  by  kidney, 

ref.,  755 
Aschoffj   on  appendicitis,   ref.,   688;  on 
compensatory  hjrpertrophy,   ref.,    79; 
on  conditions  of  disease,  ref.,  14;  on 
cysts,   ref.,   361;  on   immunity,    196; 
on  nature  of  contracted  kidney,  ref., 
767;  on  thrombosis,  ref.,  25;  on  tumors, 
416 
Aschoff  nodules,  ref.,  538 
Ascites,  23,  692 
Ascospores,  146 

Ashton,  Norria  and  LavensoUj  on  Stokes- 
Adams'  disease,  ref.,  550 
Asiatic  cholera,  247 
Askanasy,  on  dermoid  cysts  of  ovary,  ref., 

836;  on  pigment,  ref.,  53 
Aspergillus,  ref.,  147 

glaucus,  148 
Asph3rxia,  9,  442 
Ataxia,  cerebellar,  963 
Friedrich's,  963 
hereditary,  963 
locomotor,  957 
Ataxic  paraplegia,  962 
Atelectasis  of  lung,  596 
Atelomyelia,  928 
Atheroma,  561 
AUasaoffy  on  experimental  tjrphoid  fever, 

ref.,  235 
Atrophia   musculorum   lipomatosa,    871 
Atrophy,  36 

acute  yellow,  of  liver,  716 

experimental,  718 
brown,  38,  56 

of  heart,  38,  529 
degenerative,  37 
disuse,  38 

general  from  malnutrition,  38 
neurotic,  39 
of  adrenals,  515 

blood-vessels,  556 
bone,  876 
brain,  932 
heart,  528 
Uver,  714,  716 
lymph-nodes,  481 
muscle,  868,  871 
pancreas,  702 
prostate,  863 
spleen,  500 
stomach,  656 
testicle,  857 
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Atrophy,  of  uterus,  803 

pigment,  714 

pressure,  38 

progressive  muscular,  869,  955 

senile,  38 

simple,  36 
Atresia  ani,  667 
Attraxine,  352 

Auer  and  Lewis,  on  anaphylaxis,  191 
Auerhachf  on  B  influenzae.  234 
Aufrechtf  on  portals  of  entry  of  B.  tuber- 
culosis, ref.,  264 
Auriculo- ventricular  bundle  of  His,  550 
Auto-digestion  of  pancreas,  702 
Autohffimolysis,  ref.,  176 
Auto-intoxication,  153,  417,  426 

Addison's  disease  as  an,  434 

burns  as  excitants  of,  9 

cachexia  strumipriva  as  an,  430 

dyscrasic,  427 

enterogenic,  426 

exophthalmic  goitre  as  an,  432 

gout  as  an,  436 

retention,  427 
Autolysins,  176 
Autolysis,  60,  98,  106 

in  absorption  of  infarcts,  ref.,  30 
lung  exudates,  557 
Autosite,  332 
Autopsies,  making  of  (see  Post-mortem 

examination),  985 

medico-legal,  1022 

on  cases  of  suspected  poisoning,  1022 

new-born,  1023 
Avery  and  Lyall,  on  concurrent  infection 

in  tuberculosis,  ref.,  631 
Axis-cylinder  process,  nature  of,  944 
Axone,  degenerations  in,  946 

nature  of,  944 
Ayer,  on  cysts  of  intestine,  ref.,  690 
Azur  II  as  a  staining  agent,  317,  1037 

Babes,  on  bacteria  in  blood  of  cadaver, 
ref.,   987;  on    hsemorrhagic  infection, 
ref.,  289.;  on  rhinoscleroma,  ref.,  282 
Babesia  bo  vis,  ref.,  122 
Bacillus,  134 

acid-proof,  267 

a^rogenes  capsulatus,  34,  289 

in  liver,  738 
anthracis,  228,  229 

immunization  to,  230 
botulinus,  292 


Bacillus,  cholerse  galllnarum,  289 
coli  commimis,  214,  246 
conjunctivitidis,  234 
diphtherise,  282,  283 

action  of,  in  animals,  285 

branching  forms  of,  ref.,  284 

carriers,  285 

characters  of,  284 

communicability  of,  285 

pseudo-,  285 
diplo-,  135 
Ducrey's,  228 
dysenteriae,  247,  677 
enteritidis,  291 
Friedlander,  216 
gas,  289 
glanders,  226 
grass,  267 
hsemorrhagicus,  289 

septicus,  289 

velenosus,  289 
hay,  267 
Hoffmani,  285 
icteroides,  ref.,  302 
influenzae,  233 
Koch- Weeks,  234 
leprae,  269 
mallei,  226,  227 

toxic  products  of,  227 
mucosus  capsulatus,  216 
oedema tis  maligni,  291 
of  Shiga,  677 

whooping  cough,  317 
paratyphosus,  247 
pestis,  288 
plague,  288 
proteus  group  of,  216 
proteus  vulgaris,  217 
pseudodiphtheriae,  285 
pseudo-influenzae,  234 
pseudo-tetanicus,  287 
pseudo-tuberculosis,  227 

liquefaciens,  227 
pyocyaneus,  215 

in  colitis,  678 
rhinoscleromatis,  282 
Shiga's,  247 
smegma,  267 
strepto-,  135 
suisepticus,  289 
tetani,  286 

toxins  of,  286,  287 
tuberculosis,  251,  257 
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Bacillus,  tuberculosis,  action  of,  in  body, 
262 
antif ormin  in  examination  of,  260 
bovine  type,  ref.,  266 
branching  forms  of,  ref.,  257 
dead,  action  of,  260 
differentiation  of,  267 
distribution  of,  264 
in  dried  sputum  and  dust,  265 
methods  of  staining,  258 
numbers  of,  in  lesions,  263 
portals  of  entry  of,  264,  618 
sources  of,  265 
toxic  products  of,  260 
varieties  of,  260 

typhi  murium,  289 

typhosus,  234,  235 

agglutination  of,  246 
carriers,  245 
differentiation  of,  246 
distribution  of,  in  body,  244 
methods  of  staining,  246 
modes  of  infection  with,  245 
viability  of,  245 

Welchii,  289 

"X,''  ref.,  302 

xerosis,  285 
BacmeiateTf  on  myoma  of  heart,  ref.,  556 
Bacteria,  133 

absorption  of,  in  peritoneum,  694 

acid-resisting,  267 

action  of  alexins  on,  161 
cold  and  heat  on,  137 
germicides  on,  138 
in  body,  152 

adaptation  of,  ref.,  160 

aerobic,  137 

a^rogenic,  139 

agglutination  of,  179 

aggregations  of,  135 

aggressins  of,  153 

anaerobic,  137 

as  disease  excitants,  198 

attenuated  cultures  of,  162 

capsules  of,  133 

chemotaxis  in,  137 

chromogenic,  139 

classification  of,  142 

Clostridium  forms,  134 

commensals  in,  141 

cultivation  of,  145 

cultures  of,  145 

destruction  of,  by  phagocytes,  161 


Bacteria,  destruction  of,  in  body,  170 
disposal  of  in  blood,  151 
distribution  of,  140,  150 
elimination  of,    through    secretions, 

151 
endotoxins  of,  139 
enzymes  of,  139 
etiological  relationships  of,  154 
examination    of    specimens,    post- 
mortem, for,  1021 
fermentation  and,  139 
filamentous,  135 
flagella  of,  133 
forms  of,  134 

functional  characters  of,  142 
gas-producing,  139 
growth  of,  conditions  of,  137 
hffimolysins  of,  ref.,  153 
higher,  135 
in  air,  140,  150 

appendix  vermiformis,  687 

bladder,  urinary,  786 

blood,  ref.,  470 

post-mortem,  987 

body,  150 

dust,  140 

fluids,  stains  for,  143 

heart,  539 

inflammation,  152 

intestine,  678,  681 

kidney,  755,  761 

lung,  601,  614 

lymph-nodes,  481 

mouth,  646,  ref.,  647 
of  children,  ref.,  647 

nose,  580 

soil,  140 

spleen,  511 

stomach,  ref.,  659 

suppuration,  201 

tissues,  stains  for,  143 

tumors,  347 

vagina,  797 

water,  141 
infective  nature  of,  proofs  of,  153 
insects  as  carriers  of,  151 
insusceptibility  to,  160 
involution  forms,  134 
life  of,  conditions  of,  137 
messmates  in,  141 
metabolism  of,  138 
metachromatic  granules  in,  134 
monomorphism  in,  136 
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Bacteria,  motility  of,  137 

multiplication  of,  134,  137 

nutritional  requirements  of,  137 

opsonins  of,  183 

parasitic,  141 

phagocytosis  of,  183 

photogenic,  139 

pleomorphism,  136 

poisons  of,  139,  152 

polymorphous,  135 

portals  of  entry  of,  151 

products  of,  in  body,  152 

protection  of  body  against,  151 

ptomains  of,  139 

pyogenic,  205 

relationships  of,  141 

reproduction  of,  134 

rod-Uke,  134 

r61e  of,  in  nature,  140 

8aproph3rtic,  141 

species  of,  142 

spheroidal,  134 

spiral,  134 

spores  in,  136 

staining  of,  143 

sterilization  of,  137 

study  of,  morphological,  143 

symbiosis  of,  142 

thermophilic,  138 

toxins  of,  139,  152 

ultramicroscopic,  ref.,  134 

variations  in,  136 

varieties  of,  142 

zymogenic,  139 
Bacterisemia,  203 
Bacteriolysis,  170,  173 
Bacterio-opsonins,  184 
Bacterio-protein,  152 
Bacteriotropic  substances,  184 
Boer  J  on  typhoid  ulcers,  ref.,  240 
Baginsky,    on    pseudo-membranous    in- 
flammation, ref.,  212 
Bailf  on  aggressins,  153;  on  disposal  of 

bacteria  in  blood,  ref.,  151 
Bailey f  C.  H.,  on  foreign  bodies  in  heart, 

ref.,  526 
Bailey f  F.  R.,  on  lesions  in  hydrophobia, 

ref.,  294 
Bailey  and  Ewingy  on  Landry's  paralysis, 

969 
Bailey  and  Jelliffe,  on  tumors  of  pineal 

gland,  ref.,  980 
Bailey  and  Miller y  on  embryology,  ref.,  320 


Balanitis,  584 

Balantidium  coli,  120 

Baldauff  on  carcinoma  of  appendix  vermi- 
formis,  ref.,  690 

Baldwin  J  E,  R,,  on  tuberculin,  ref.,  260 

Baldwiny  F.  A.j  on  ansmic  infarcts  of 
liver,  ref.,  711 

Ballantyne,  on  antenatal  pathology,  ref.. 
320;  on  congenital  infection,  ref.,  151 

Bang^  on  lipoids,  ref.,  44 

Baniiy  on  splenic  anaemia,  479 

Banzhaf  and  FamuLener,  on  anaphylaxis, 
ref.,  191 

Bardeen,  on  visceral  changes  following 
bums,  ref.,  10 

Barger,  on  natiu'al  bases,  ref.,  139. 

Barker,  on  nervous  system,  ref.,  942 

Barlow's  disease,  ref.,  438 

Bartel  and  Bauer,  on  status  lymphatic\is. 
ref.,  440 

Bartel  and  Spieler,  on  experimental 
tuberculosis,  ref.,  264 

Bartholin's  glands,  cysts  of,  795 

Bartholow,  on  pellagra,  ref.,  318 

Basedow's    disease,    432 

Bashford,  on  tumor  transplantation,  ref., 
79 

Bashford  and  Murray,  on  mitosis  in 
tumors,  ref.,  351 ;  on  statistical  investi- 
gation of  cancer,  ref.,  353 

Bashford,  Murray,  and  Cramer,  on 
tumors,  355 

Basophile  cells,  461 

Bass,  on  cultivation  of  malarial  parasite, 
ref.,  312 

Bassoe,  on  blastomycosis,  ref.,  146 

Bateson,  on  heredity,  ref.,  14 

Batten,  on  nerve  lesions  in  diphtheria, 
ref.,  283 

Bauer,  on  modification  of  Wassermann 
test,  279 

Baumgarien,  on  coronary  arteries,  ref., 
537;  on  portals  of  entry  of  B.  tub- 
erculosis, ref.,  264;  on  tissue  formation 
by  endothelium,  ref.,  73;  on  urogenital 
tuberculosis,  ref.,  770 

Bayer,  on  regeneration  of  lymph-nodes,  76 

Bayliss,  on  enzjrmes,  ref.,  139 

"  Beaker  cells,"  46 

Beck,  on  B.  influenzse,  ref.,  233;  on  rhab- 
domyoma, ref.,  861 

Bed}e  and  Ewing,  on  l3rmpho-sarcoma  of 
dogs,  ref.,  349,  369 
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Beer,  on  accessory  adrenals,  ref.,  515;  on 
atrophic  glomerular  cysts,  ref.,  767; 
on  false  diverticula  of  intestine,  ref., 
668 

Behring,  on  portal  of  entry  of  B.  tuber- 
culosis, ref.,  264 

Beitzke,  on  cervical  and  bronchial  lymph- 
nodes,  ref.,  592;  on  cervical  and  bron- 
chial lymph-nodes  in  tuberculous  in- 
fection, ref.,  650;  on  mode  of  infection 
in  pulmonary  tuberculosis,  ref.,  264 

Bence  Jones'  proteid,  902 

BendGf  on  origin  of  miliary  tuberculosis, 
ref.,  620 

"Bends,"  the,  11 

Benneckey  on  angioma  of  intestine,  ref.,  688 

Beri-beri,  318 

Berkeley  and  Be^e^  on  parathyroids,  514 

Bemheim  and  Gruber,  on  mixed  infec- 
tions, ref.,  157 

Berry,  on  appendicitis,  688 

BertareUi,  on  animal  inoculations  in 
syphilis,  ref.,  274 

Berthenson,  on  bibliography  of  timiors  of 
heart,  ref.,  556 

Besredka,  on  anaphylaxis,  191 

Best's  method  of  staining  glycogen  in 
tissue,  1038 

Beitmann,  on  bronchitis,  ref.,  589 

Bezant  an  and  Labbi,  on  germicidal  action 
of  lymph-nodes,  ref.,  151 

Biedl,  on  internal  secretions,  ref.,  427 

Biedl  and  Kraus,  on  elimination  of 
bacteria,  ref.,  151;  on  bacteria  in 
kidney,  ref.,  761 

Bierring  and  Egdahl,  on  splenectomy, 
ref.,  479 

^^9}  on  aortic  aneurism,  ref.,  570 

BUand,  on  cysts  of  placenta,  ref.,  826 

Bile-ducts,  lesions  of  (see  Gall-ducts),  740 

Bilirubin,  55 

BiUings,  on  infectious  endocarditis,  ref., 
547 

BiUings  and  Capps,  on  myelogenous 
leukaemia,  ref.,  477 

BiUings  and  Rosenow,  on  vaccines  in 
Hodgkin's  disease,  497 

Binder,  on  congenital  liver  cirrhosis,  ref., 
730 

Biogen,  3 

Biophore,  3 

Birch-Hirschfeld,  on  intestine  as  portal 
of  entry  for  bacteria,  694 


Birt  and  Lamb,   on   Micrococcus   meli- 

tensis,  ref.,  288 
Bizzozero,  on  tissue  regeneration,  64 
Black  death,  288 
Black  leg,  291 

Bladder,  circulation  in,  study  of,  111 
gall  (see  Gall-bladder),  740 
urinary,  781 

circulation  in.  Ill 
cysts  of,  788 
dilatation  of,  782 
diverticula  of,  782 
examination,  post-mortem,  of, 

1018,  1026 
extroversion  of,  781 
foreign  bodies  in,  789 
haemorrhage  of,  783 
hernia  of,  782 
hjrperaemia  of,  783 
hyperplasia  of  epithelium  of,  784 
hypertrophy  of,  782 
inflammation  of  (see  Cystitis), 

783 
malformations  of,  781 
malpositions  of,  782 
mucosa,  repair  of,  ref.,  71 
parasites  of,  789 
perforation  of,  783 
preservation  of,  1013 
regeneration  of  mucous  mem- 
brane in,  784 
rupt\u*e  of,  782 
size  of,  782,  1012 
study  of  inflammation  in,  83 
tuberculosis  of,  786 
tumors  of,  786 
weight  of,  1012,  1026 
wounds  of,  782 
Blastomycetes,  133,  146 
Blastomycosis,  generalized,  147 
Blastomycotic  dermatitis,  146 
"  Bleeders,"  22 
Blennorrhoea,  199 

Block  and  HaU,  on  dermoid  cyst  of  blad- 
der, ref.,  788 
Blocq    and    Marinesco,    on    Friedrich's 

ataxia,  ref.,  963 
Blood,  452 

abnormal,  leucoc3rtes  of,  461 
air  in,  34,  470 

in  caisson  disease,  11 
alterations  of,  favoring  thrombosis, 
25 
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Blood  amount,  determination  of,  455 
ansemia,  454 

aplastic,  474 

infantum  pseudo-leuksemica,  479 

pernicious,  473 

secondary,  472 

splenic,  479 

Von  Jaksch,  479 
anhydrsemia,  454 
B.    tuberculosis   in,    in   pulmonary 

tuberculosis,  ref.,  618 
bacteria  in,  ref,,  470 
capillaries,  lesions  of,  575 
carbonic  oxide,  effects  of,  on,  425 
cells,  red,  456 

agglutination  of ,  test  for,  194 

alterations  in   morphology   of, 
457 

alterations  in  number  of,  456 

altitude,  effect  of,  on,  ref.,  458 

defective  formation  of,  456 

destruction  of,  456 

diminution  of,  456 

gigantoblasts,  459 

lysis  of,  171 

megalocytes,  458 

megaloblasts,  459 

microcytes,  457 

morphology  of,  457 

normoblasts,  458 

nucleated,  458 

number  of,  456 

opsonins  of,  185 

phagocytosis  of ,  185 

poikilocytes,  457 

regeneration  of,  77 
white,  (see  Leucocytes),  459 
changes  in  circulation  of,  15 
chloroma,  478 
chlorosis,  471 
circulation  of,  15,  83 

study    of,    in    Uving    animal, 
111 
clots,  forms  of,  452 
coagulability  of,  452 
crises,  458,  474 
diseases  of,  471 
erythrsemia,  455 
examination  of,  316,  466 
extravasation  of,  20 
fat  in,  469 

fixed,   examination  of,  in  malaria, 
316 


Blood,  foreign  bodies  in,  469 

forming  organs,  lesions  of,  471 
fresh,  examination  of,  in  malaria, 

316 
frothing  of,  in  caisson  disease,  11 
gas  in,  34 

hffimatogenesis,  defective  of,  457 
haemoglobin,  free,  in,  454,  456 

index,  474 
hydremia,  454 
in  malaria,  310 

methods    of    exam  i  nation 
of,  316 

septicaemia,  ref.,  235 

typhoid  fever,  463 
laking  of,  171 
leucocytes  of,  459,  461 
leucocytosis,  462 
leukaemia,  475 
melansemia,  470 
normal,  leucocytes  of,  459 
oligoc3rth8emia,  454,  456 
parasites  in,  470 
pigment,  53,  470 

test  for,  ref.,  53 
plates,  465 
plethora,  455 
polyc3rth8emia,  454 
precipitin  test  for,  181 
reaction  of,  453 
regeneration  of,  77 
relationships,  172 
staining  of,  316,  468,  1037 
sugar  in,  13 
transudation  of,  22 
tubercle  bacilli  in,  264 
typhoid  bacilli  in,  244 
water  of,  454 
Bloodgoodf  on  adenoma  of  thyroid,  ref., 

433;  on  cysts  of  bone,  ref.,  903 
Blood-vessels,  anastomosis  of,  18 
aneurism  of,  570 
atrophy  of,  556 
changes  in  walls  of,  15 
embolism  of,  2S 
formation  of,  75 
hypertrophy  of,  557 
hypoplasia  of,  556 
in  frog,  113 

tumors,  338 
lesions  of,   in   pulmonary  tub^cn- 

losis,  629 
relations  of,  to  circulation,  15 
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Blood-vessels,  sclerosis  of,  559 

conditions  leading  to,  564 
thrombosis  of,  24 
Btumentha\  on  reaction  of  body  in  infec- 
tion, ref.,  156 
BlumeTy  on  bacteriology  of  lobular  pneu- 
monia, ref.,  613;  on  tuberculosis 
of   arteries,    ref.,    567 
Blumer  and  Lairds  on  bffimorrhagic  septi- 

csemia,  ref.,  291 
Blumer  and  MacFarlanCf  on  noma,  ref., 

794 
Body,  cooling  of,  as  predisposing  to  in- 
fection, ref ,  614 
cooling  of,  post-mortem,  988 
fluids,  in  inflammation,  108 
nature  of  living,  3 

safeguards  of,  against  infection,  150 
Boils  (see  Furuncle)  199 
Bone,  876 

abscess  of,  885,  888 

absorption  of,  883 

achondroplasia,  896 

anaemia  of,  897 

atrophy  of,  876 

caries  of,  891 

cells  of,  876 

cysts  of,  903 

decalcification  of,  897,  1031 

enostoses,  899 

examination,  post-mortem  of,  1024, 

1026 
exostoses,  386,  899 
formation,  new,  of,  881 

in  dura  mater,  922 
muscle,  874 
pia  mater,  921,  923 
fractures  of,  877 

general  considerations,  876 
hsemorrhage  of,  877 
healing  of  fractures  of,  877 
hypersemia  of,  877 
hyperostosis,  900 
inflammation   of   (see   Osteitis  and 

Periostitis),  878 
lesions  after  typhoid  fever,  243 
marrow  in  leuksemia  and  ansemia, 
897 
in  malaria,  311 
pigmentation  of,  877 
regeneration  of,  76 
necrosis  of,  889 
new-formed,  387 


Bone,  osteomalacia,  896 

osteophjrtes  of,  881,  899 
phosphorus  necrosis  of,  890 
rachitic,  891 
regeneration  of,  76,  877 
rickets,  891 
sclerosis  of,  885 
sequestnmi  in,  890 
softening  of,  896 
syphilis  of,  881,  888 
transplantation  of,  78 
tuberculosis  of,  882,  887 
tumors  of,  899 
ulceration  of,  891 
woimds  of,  877 
Bordetj  on  immunity,  196 
Bordet  and  GengoUy  on  bacillus  of  whoop- 
ing-cough, 317;  on  fixation  of  com- 
plement, 189 
Borrmanny  on  carcinoma  of  stomach,  ref., 
666;  on  metastasis  in  tumors,  ref.,  342 
Borsty  on  pathological  organization,  ref., 
110;     on    squamous    epithelioma    of 
stomach,  ref.,  666;  on  tumors,  416;  on 
tumors  of  sacral  region,  ref.,  359 
Bostroemy  on  cholesteatomata,  ref.,  379; 

on  tumors  of  pia  mater,  ref.,  920 
Bothriocephalus  cordatus,  126 
cristatus,  123 
latus,  123,  472 
Bottomleyy    on    operative    treatment    of 

tuberculous  peritonitis,  ref.,  696 
Botulism,  291 

Bovairdy  on  human  and  bovine  tubercu- 
losis,  ref.,   266;   on    primary    spleno- 
megaly,  ref.,     508;     on     tuberculous 
bronchial    lymph-nodes,  ref.,  487 
Bovaird  and  NicoUy  on  weight  of  thymus, 
ref.,    511;  on  weight  of   viscera  in  in- 
fancy, ref.,  990 
Boveriy  on  mitosis,  ref.,  67 
Bradley,  on  cy^ts  of  thyroid,  ref.,  514 
Brain,  927 

abscess  of,  964 
absence  of,  927 
actinomycosis  of,  976 
anaemia  of,  934 
anencephalia,  325,  927 
aneurism,  miliary,  of,  936,  981 
apoplectic  foci  in,  936 
apoplexy  of,  935 
serous,  935 
arteries  of,  933 
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Braio,  atrophy  of,  932 

blood-vessels,  lesions  of,  942 
cephalocele,  928 
circulatory  changes  in,  933 
cyclopia,  325 
cysts  of,  979 
degeneration  of,  940,  942 

neurone,  946 

primary,  955 

secondary,  953 
dissection,  methods  of,  993,  996 
embolism  of,  940 
encephalocele,  928 
examination,  post-mortem,  of,  992 
fixing  and  hardening  methods,  999 
hsemorrhage  in,  935 
hernia  of,  928 
holes  in,  979 
hydrencephalocele,  928 
hydrocephalus,  927 
hydromeningocele,  928 
hypersemia  of,  934 
hypertrophy  of,  931 
inflammation  of  (see  Encephalitis), 

964 
injuries  of,  930 
lesions  of,  in  Asiatic  cholera,  248 

general  paresis,  972 

malaria,  311,  312 
malformations  of,  324,  927 
mantle,  demonstration  of,  997 
method  of  opening,  993,  996 
Meynert's  method  of  opening,  996 
microcephalia,  928 
morphology  of,  942 
new-born,  1024 

weight  of,  1025 
oedema  of,  934 
parasites  in,  979 
pigmentation  of,  933 
porencephalus,  979 
preservation  of,  998 
removal,  post-mortem,  of,  992 

in  hydrocephalus,  1024 
sand,  376,  910,  912,  920,  927 
sclerosis  of,  971 
softening  of,  940,  964 
structure  of,   942 
syphilis  of,  975 
thrombosis  of,  940 
tuberculosis  of,  918,  974 
tumors  of,  976 
vascular  changes  in,  933 


Brain,  ventricles,  nature  and  lesions  of, 
924 
tumors  of,  927 

vessel  walls,  lesions  of,  942 

weight  of,  993,  1025 
Branchial  fistulse  and  cysts,  647 
Braunwarthf  on  cysts  of  kidney,  ref,,  774 
Breasts  (see  Mamma),  842 
BrettSj  on  cysts  of  uterus,  ref.,  813 
Brewer,    on    infection    of   kidney    after 

injury,  ref.,  152 
Brieger  and  Ehrlich,  on  degenerations  in 

spinal  cord,  948 
Bright 's  disease  (see  Nephritis),  753 
Brigidi  and  Piccoli,  on  persistent  thymus 

and  Hodgkin's  disease,  ref.,  511 
Brill  and  Libman,  on  calcification  of  liver, 

ref.,  722 
BriUf    Mandlebaum,    and    Libman,    on 

primary  splenomegaly,   ref.,   508 
Brinckerhoff,  on  leprosy  in  the  United 

States,  ref.,  270 
Brinckerhoff  and  Tyzzer,  on  experimental 

smallpox  in  monkeys,  r^.,  306 
Br  Oman,  on  embryology,  ref.,  320 
Bronchi,  586 

calcification  of,  592 

casts  of,  589 

dilatation  of,  589 

examination,  post-mortem,  of,  1009 

hsemorrhage  of,  586 

inflammation  of  (see  Bronchitis),  586 

lung  stones  in,  592 

occlusion  of,  591 

preservation  of,  1010 

syphilis  of,  589 

tuberculosis  of,  589,  591 

timiors  of,  591 
Bronchiectasia,  589 
Bronchiolitis,  exudativa,  589 

acute  catarrhal,  586 

capillary,  587 

chronic  catarrhal,  588 

croupous,  588 

fibrinous,  589 

pseudo-membranous,  588 

purulent,  586 

syphilitic,  589 

tuberculous,  589 
Broncho-pneumonia,  608 

excitants  of,  613 

persistent,  611 

tuberculous,  624 
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"  Bronxe  skin,"  54 

Brood  capsules  of  tapeworm,  125 

Brooks  J  on  acromegalia,  ref.,  439;  on 
myocarditis,  ref.,  539;  on  sjrphilis  of 
blood-vessels,  ref.,  567 

Broschf  on  oesophageal  diverticula,  ref., 
652  on  trauma  andformation  of 
malignant  tumors,  ref.,  345 

Brotiardelf  on  sudden  death,  ref.,  448 

"  Brown  atrophy,**  56 

Brovm,  on  snake  poisons,  ref.,  424 

Brown  and  Thiry,  on  diphtheritic  septi- 
csemia,  ref.,  284 

Brumptf  on  parasites,  132;  on  protozoa, 
ref.  115 

Brunn,  on  peritonitis,  ref.,  696 

Bruns  and  Kayser,  on  agglutinative  reac- 
tions of  colon-typhoid  group,  ref.,  246 

Bruns*  glucose  medium,  1028 

Bubo,  485 

Buboes,  272 

Bubonic  plague,  288 

Buchbinder,  on  entrance  of  bacteria 
through  intestine,  ref.,  694 

Buday,  on  Cjrstio  adenoma  of  mamma, 
ref.,  850 

Buerger,  on  S.  mucous  capsulatus,  ref., 
221 

Bunting,  on  hemolysis,  ref.,  174 

Bunting  and  Yatee,  on  Hodgkin's  disease, 
497 

Burgess f  on  chloroma,  ref.,  479;  on  malig- 
nant rhabdomyoma,  ref.,  390 

Bumham,  on  actinomycosis  of  appendix, 
ref.,  691 

Bums,  death  from,  10 

Burri,  on  staining  Tr.  pallidum,  ref.,  277 

BurrowSy  on  cultivation  of  tissues,  ref.,  80 

Buscke^  on  yeasts  and  moulds,  ef.,  149 

BussCf  on  tumors  of  kidney,  ref.,  777 

Butler f  on  abnormaUties  of  thoracic  duct, 
ref.,  576;  on  membranous  enteritis, 
ref.,  682 

Buttner,  on  peritonitis,  ref.,  694 

Buxton,  on  giant  cells,  ref.,  103 

Buxton  and  Torrey,  on  absorption  from 
peritoneum,  ref..  Ill;  694;  on  dis- 
posal of  bacteria  in  blood,  ref.,  151 ; 
on  removal  of  alien  substances 
from  peritoneal  cavity,  ref.,  99 

Cachexia  in  tumors,  343 
stnunipriva,  429 


Cadaveric  Uvidity,  986 
Caecum,  inflammation  of,  682 
Caisson  disease,  1 1 

congestion  of  brain  in,  934 
Cajal  method  of  staining  Tr.  pallidum  in 

tissues,  276 
Calcareous  infiltration,  50 
Calcification  in  tissues,  51 
of  arteries,  559 
heart,  535 
kidney,  750,  753 
Uver,  722 
muscle,  872 
penis,  855 
placenta,  823 
pleura,  639 
veins,  573 
Calcium  carbonate  in  gall-stones,  744 
salts  in  blood,  452 
tissues,  51,  52 
demonstration  of,  52 
Calculi,  ref.,  52,  789 
biliary,  743 
of  appendix,  686 

bladder,  urinary,  789 

composition  of,  789,  790 
gall-bladder  and  -ducts,  743 
intestine,  690 
kidney,  774 
pancreatic  ducts,  707 
prepuce,  855 
prostate,  866 
seminal  vesicles,  863 
tonsil,  ref.,  649 
tonsillar,  52 
Calkins,  on  protozoa,  ref.,  115;  on  spiro- 
chetes, ref.,  119;  on  vaccine  bodies, 
306 
Callus  in  healing  bone,  878 
Calmette  and  Guerin,  on  intestinal  origin  of 

pulmonary  tuberculosis,  ref.,  264 
Campbell,  on  leptothrix,  ref.,  232 
Cancer  (see  Carcinoma),  395,  400 
bodies,  347 
"cages,*' 355 
cell,  402 
Canon,  on  bacteriology  of  blood,  ref.,  470 
Canon    and    Pielicke,    on    excitant    of 

measles,  310 
Cantharides  poisoning,  422 
Capps,  on  aneurism  of  coronary  arteries, 

ref.,  570 
Capsules,  blood,  of  tapeworm,  125 
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Carbolic  acid  poisoning,  423 
Carbonic-oxide  poisoning,  424 
Carbuncle,  200,  228 
Carcino-adenoma,  398 
Carcinoma,  395,  400 

and  tuberculosis,  ref.,  267 
alveolar,  414 
characters  of,  400 
colloid,  ref.,  412 
cylindrical-celled,  405,  410 
encephaloid,  412 
epitheliomatous  type,  406 
fibro-,  411 
gelatinous,  406,  412 
giant-celled,  410 
immimity  to,  356 
medullary,  412 
melano-,  415 
mitosis  in,  402 
molle,  412 
myxomatodes,  414 
neuro-,  410 
of  adrenals,  517 

appendix  vermiformis,  690 

arteries,  571 

bladder,  urinary,  788 

bone,  903 

brain,  977 

bronchi,  591 

dura  mater  spinalis,  922 

gall-bladder  and  -ducts,  743 

Fallopian  tubes,  841 

heart,  556 

intestine,  690 

kidney,  777 

larynx,  585 

Ups,  645 

liver,  736 

lung,  635 

lymph-nodes,  498 

mamma,  850 

mamma,  male,  867 

mouth,  645 

muscle,  875 

nerves,  979 

oesophagus,  653 

ovary,  830 

pancreas,  706 

penis,  855 

pericardium,  522 

peritoneum,  699 

pharynx,  651 

pleura,  642 


Carcinoma  of  prostate,  866 
salivary  glands,  701 
seminal  vesicles,  863 
spleen,  510 
stomach,  663 

statistics  of,  664 
testicle,  861 
thyroid,  514 
tongue,  646 
xirethra,  792 
uterus,  815 
vagina,  797 
veins,  575 

ventricles  of  brain,  927 
vulva,  795 
scirrhus,  411 
serum  injections  in,  356 
simplex,  406,  411 
squamous,  405 
stroma  reaction  in,  355 
telangiectoides,  412 
transplantation  of,  in  mice,  356 
Caries  of  bone,  891 
Carlisle^  on  relapsing  fever,  292  ,• 
Carotid  gland,  517 
Carrelj  on  cultivation  of  tissues,  ref.,  80; 

on  tissue  transplantation,  78 
CarroUf  on  mosquito  in  yellow  fever,  rrf., 

302 
Carter  J    on    excretion    of    pigment    by 
kidney,  ref.,  755;  on  mosquito  in  yellow 
fever,  ref.,  302 
Cartilage  in  pia  mater  spinalis,  923 
loose,  in  joints,  907 
regeneration  of,  76 
Caryochromes,  943 
Caseation,  59 
CasteUanij  on  yaws,  293 
Castelli,  on  biliary  angioma  of  liver,  ref- 

737 
Castle f  on  heredity,  ref.,  14 
Casts  of  kidney,  749 
Catarrh,  dry,  588 
purulent,  199 
Catarrhal  fever,  epidemic,  233 
Cav€j  on  pneumococcic  arthritis,  ref.,  904 
Cecil f  on  adenoma  of  pancreas,  ref.,  704; 
on  relation  of  pancreas  to  diabetes, 
ref.,  435,  704 
Cecil  and  BuUcUyt  on  parasites  in  ap- 
pendix, ref.,  688 
Cecil  and  Soper,  on  meningococcus  in  en- 
docarditis, ref.,  545 
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Cells,  atrophy  of,  36 
"beaker,"  46 

blood,  red,  (see  Blood  cells),  456 
white,  (see  Leucocytes),  459 
changes  in,  35 
chemistry  of,  as  related  to  Ehrlich's 

hypothesis,  166 
degeneration  of,  36,  39 
division,  amitotic,  65,  67 
direct,  65,  67 
indirect,  65 
mitotic,  65 
modes  of,  64 
giant,  in  epithelioma,  410 
inclusions  in  tumors,  347 
"mother,"  586 
necrobiosis,  36 
necrosis  of,  36 
prickle,  406 
regeneration  of,  64,  68,  167 

impulse  to,  79 
regressive  changes  in,  35 
relationship  of,  to  organs,  5 
serous  infiltration  of,  45 
significance  of,  4 
spider,  in  glioma,  387 
spinal,  406 
Celloidin  as  tissue  embedding  medium, 

1031 
Cephalhematoma,  1024 
Cephalocele,  928 
Cerebellar  ataxia,  963 
Cerebellum,  atrophy  of,  963 
Cerebrum,  malformations  of,  927 
Cirenvillej  Tavelj  etc.,  on  necrotic  colitis, 

ref.,  681 
Cervix  uteri,  hjrperplasia  of,  805 
Cestoda,  123 
Chalk-stones,  436 
Chalicosis  of  lung,  616 
Chancre,  271 
soft,  228 
Chancroid,  228 

CharUemesse  and  Powdyssotsky^  on  condi- 
tions of  disease,  ref.,  14;  on  fever,  ref., 
441 
Chapin,  on  air  as  vehicle  of  infection, 
ref.,  150;  on  sources  of  infection,  ref., 
151 
Chapmarif  on  kidney  lesions  in  scarlatina, 

ref.,  307 
Charbon,  228 
Charcot-Leyden  crystals,  589,  897 


Cheesman  and  Meltzer,  on  local  predispo- 
sition in  infection,  ref.,  152 
Cheesy  degeneration,  59 
Cheloid,  364 
Chemotaxis,  85,  137 

negative,  85 
Chiarif   on   auto-digestion   of   pancreas, 
ref.,  702;  on  atypical  typhoid,  ref.,  243 
Chibret,  on  adamantinoma,  ref.,  416 
Chittenden  and  Albro,  on  skin  pigment, 

ref.,  55 
Chlamydozoa,  308 
Chloral  hydrate  poisoning,  424 
Chloroform,    in    experimental    cirrhosis, 
730 
liver  degeneration  after  use  of,  716 
poisoning,  423,  716 
Chloroma,  376,  478 
Chlorosis,  471 
Cholsemia,  13 
Cholangitis,  740 
Cholecystitis,  740 
Cholelithiasis,  743 
Cholera,  Asiatic,  247 
"carriers,"  249 
communicability  of,  249 
diagnosis  of,  249 
immunity  in,  170 
lesions  of,  248 

preventive  inoculation  in,  250 
spirillum  of,  247,  249 
chicken,  bacillus  of,  289 
spirillimi,  reproduction  of,  135 
Cholesteatoma,  379 

of  pia  mater  cerebralis,  920 
Cholesterin  in  gall-stones,  744 
Chondroma,  383 
of  bone,  900 

bronchi,  591 

choroid  plexus,  927 

clitoris,  795 

dura  mater  cerebralis,  911 

spinalis,  922 
heart,  556 
larynx,  585 
lips,  645 
Hver,  737 
lung,  634 
lymph-nodes,  497 
mamma,  848 
mouth,  645 
muscle,  875 
ovary,  829 
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Chondroma  of  peritoneum,  697 

pia  mater  cerebralis,  920 
salivary  glands,  700 
testicle,  860 
veins,  575 
uterus,  813 
osteoid,  900 
Chondro-sarcoma,  376 
Chorda  dorsalis,  384 
Chordae  tendinse,  abnormal,  525 
Chordoma,  384 
Chorionepithelioma,  820 

hydatid  moles,  relation  to,  826 
of  pregnancy,  820 

testicle,  822,  863 
with  teratoma,  822 
Chorionic  villi,  820 

wandering  cells,  821 
Choroid  plexus,  brain  sand  in,  927 
cysts  of,  927 

lesions  of  (see  Ependyma),  924 
tumors  of,  927 
Christian,  on  myeloma,  ref.,  902;  on  pneu- 
monic exudates,  ref.,  605 
Christian  and  O'Hare,  on  experimental 

nephritis,  ref.,  769 
Chromatic  figure  in  mitosis,  66 
Chromatolysis,  947,  949,  950,  958 
Chromophilic  bodies,  943 
Chromosomes,  65 
Cicatricial  tissue,  93 
Ciliata,  120 
Ciliophorata,  115 
Circle  of  Willis,  933 
Circulation,  collateral,  18 

disturbances    of,    favoring    throm- 
bosis, 25 
in  living  animal,  study  of,  34,  111 
of  blood,  83 
Circulatory  system,  518 
Cirrhosis  hepatis  anthrotica,  730 

of  liver  (see  Liver,  cirrhosis  of),  725 
Citron,  on  immunity,  ref.,  165 
Cladothrix,  136 
Clairmonty  on  action  of  saliva  on  bacteria, 

ref.,  150 
Clasmatocytes,  366 
Clegg,    on    cultures    of    B.    leprae,    ref., 

269 
Clitoris,  anomalies  of,  793 
Cloacse,  668 

Clostridium  forms  of  bacteria,  134 
Clots,  heart,  531 


Club-foot,  326 
Club-hand,  326 

Cloudy  swelling  (see  Degeneration,  albu- 
minous), 39 
Coagulation  necrosis,  58,  59 
in  tuberculosis,  254 

of  blood,  452 
Coats,  on  tumor  of  pineal  gland,  983 
Cobbett   and   Melsome,    on    granulation 

tissue  in  infection,  ref.,  152 
Cocci,  134 
Coccidia,  121 

oviforme,  121 
in  liver,  740 
Coccus,  diplo-,  135 

strepto-,  135 
Coco,  on  colorability  of  living  cells,  ref., 

1027 
Cohnheim's    hypothesis    of    origin     of 

timiors,  344,  351 
Colchicum  poisoning,  422 
Cole,    on   pneumococcus,    ref.,    219;    on 
pneumonia,     ref.,    220;    on    typhoid 
meningitis,  ref.,  243 
Coleman  and  Buxton,  on  tjrphoid  bacilli 

in  blood,  244 
Colitis,  675 

acute  catarrhal,  675 

acute  infectious,  675,  677 

amoebic,  676 

chronic,  682 

croupous,  680 

excitants  of,  675,  677,  678,  681 

experimental,  ref.,  678 

membranous,  682 

mucous,  682 

necrotic,  681 

nodular,  680 

pseudo-membranous,  680 
Collateral  circulation,  17 
Collodium  sacs,  ref.,  319 
Colloid  degeneration,  45,  47 

technique  of  staining,  47 
Colocynth  poisoning,  422 
Colon  bacillus  (see  B.  coli  communis), 
214 

group,  214 

dilatation  of,  671 

inflammation  of  (see  Colitis),  675 
Complement,  177 

deviation  of,  189 

fixation  of,  189 

in  whooping-cough,  317 
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Concretions  in  appendix  vermiformis,  686 
in  intestine,  690 
pancreas,  707 
CJoncurrent  infection,  157 
Condyloma,  272 

pointed,  of  vulva,  794 
Cane,  on  chronic  gastritis,  658 

on  tuberculous  oesophagitis,  ref.,  653 
Confarti,  on  tumors  of  omentum,  ref.,  698 
Congenital  abnormalities,  320 

infection,  ref.,  151,  157 
Congestion  (see  Hyperaemia),  16,  594 
chronic,  19 
hypostatic,  19,  594 
post-mortem,  986 
venous,  17 
Conium  poisoning,  425 
Conjunctiva,  trachoma,  308 
Conjunctivitis,  gonorrhoeal,  222 
Connective  tissue,  regeneration  of,  73 

tumors,  357 
Connell,  on  fat  embolism,  ref.,  34 
Conradi  and  Bierasty  on  B.  coli,  ref.,  214 
Constitutio  lymphatica,  439 
Contagium,  ref.,  159 
Contrecoup,  injury  by,  930 
Contusions,  post-mortem,  y»9 
Cooling  of  body,  post-mortem,  988 
Coplin,  on  branchial  cysts,  ref.,  647;  on 
pulmonary    oedema,    ref.,   595;    on 
tumors  of  oesophagus,  ref.,  654 
Copper  poisoning,  422 
Comer    and  Fairhanka,   on   sarcoma   of 

stomach,  ref.,  663 
Cornet,  on  tuberculosis,  268 
Comet  and  Meyer,  on  tuberculosis,  268 
Comil  and  Camot,   on  regeneration   of 

mucous  membranes,  ref.,  71 
Coming,  on  cysts  of  appendix,  ref.,  686; 
on    diverticula    of    appendix,    ref., 
668 
Corpora  aliena  articulorum,  907 
amylacea,  50 
in  brain,  941 

ependyma,  927 
prostate,  866 
cavernosa,  inflammation  of,  854 
plates,  fibrous,  in,  854 
Corpuscles,  Gluge's,  941,  966 
Corrosive  sublimate  as  fixative,  1030 
for  blood,  467 
poisoning,  421 

kidney  in,  51,  750,  753 
67 


Corynebacterium  granulomatis  maligni, 
497 

Councilman,  on  acute  interstitial  nephri- 
tis, ref.,  759;  on  arterio-sclerosis,  565; 
on  cerebro-spinal  meningitis,  ref.,  224; 
on  excitant  of  smallpox,  306;  on 
gonorrhoeal  myocarditis,  ref.,  538;  on 
lung  lobule,  ref.,  602;  on  sudden  deaths 
due  to  heart,  ref.,  528 

Councilman  and  Lafleur,  on  amoeba  dy- 
senterise,  115 

Councilman,  Mallory,  and  Pearce,  on 
bacteriology  and  pathology  of  diph- 
theria, ref.,  283 

Councilman,  Mallory,  and  Wright,  on 
cerebro-spinal  meningitits,  ref.,  225 

Coupland  and  Pasteur,  on  tumors  of 
spinal  cord,  ref.,  977 

Courmont  and  Duffau,  on  spleen  in  in- 
fection, ref .,  151;  ref.,  504 

Cowie,  on  differentiation  of  smegma  and 
tubercle  bacilli,  ref.,  267 

Cowper's  glands,  lesions  of,  867 

Coyon,  on  bacteria  of  stomach,  ref., 
659 

Craig,  on  entamoeba  histolytica,  ref.,  116 

Cramer,  on  anterior  poliomyelitis,  ref., 
969;  on  sunstroke,  437 

Craniopagus,  330 

Craniorrhachischisis  totalis,  324 

Cranioschisis,  324 

Craniotabes,  894 

Craw,  on  agglutination  of  typhoid  bacilli, 
ref.,  246 

Crenothrix,  136 

Cretinism,  430 

Croton  oil  poisoning,  422 

Croup,  583 

Crowder,  on  tuberculous  lymphadenitis, 
ref.,  488 

Cryptorchismus,  856 

Culex,  in  avian  malaria,  314 

CuUen,  on  adenomatous  myoma  of  uterus, 
ref.,  813;  on  calcification  of  heart 
muscle,  ref.,  541;  on  carcinoma  of 
uterus,  815;  on  cysts  of  Bartholin's 
glands,  ref.,  795;  on  cysts  of  vagina, 
ref.,  797;  on  frozen  sections,  1028;  on 
hydrosalpinx,  ref.,  838;  on  myoma  of 
round  ligament,  ref.,  813;  on  peri- 
tonitis, ref.,  694;  on  sarcomatous 
changes  in  myoma  of  uterus,  ref.,  813; 
on  tuberculosis  of  uterus,  ref.,  806 
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Cunningham,  on  death  from  electric  cur- 
rents, ref.,  11;  on  lesions  of  thyroid, 
ref.,  429 
Curare,  use  of,  ref.,  34 
Currie,   Brinckerhoff,   and  HoUman,   on 

cultures  of  B.  leprae,  ref.,  269 
Curschmann,  on  B.  typhosus  in  bladder, 

ref.,  786 
Curschmann's  spirals,  589 
Cushing,  on  gall-bladder  infections,  ref., 
742;   on    gonococcus   peritonitis,   ref., 
694;  on  pituitary  body,  ref.,  439;  on 
r61e  of  micro-organisms  in  gall-stones, 
ref.,  745 
Cyclopia,  325,  927 
Cylindroma,  380 
Cystadenoma  adamantinum,  415 
of  mamma,  850 
ovary,  830 

glandular,  832 
papillary,  835 
Cysticercus  cellulosse,  124 
in  brain,  979 
heart,  556 
kidney,  781 
muscle,  875 
peritoneimi,  699 
pia  mater  cerebralis,  92] 
spinalis,  923 
in  spleen,  511 

ventricles  of  brain,  927 
tseniae  mediocanellatse,  124 
Cystitis,  acute  catarrhal,  783 
chronic,  784 
croupous,  785 
emphysematous,  786 
en  plaquCy  785 
excitants  of,  786 
exudative,  783 
hyperplastic,  785 
necrotic,  784 
nodular,  785 
suppurative,  785 
tuberculous,  786 
with  pyelo-nephritis,  771 
Cystocele,  795 

vaginal,  782 
Cysts,  359 

atheromatous,  561 
branchial,  645,  647 
ciliated,  ref.,  361 
congenital,  360 
daughter,  125 


Cysts,  dermoid,  360 

of  bladder,  urinary,  788 

bone,  903 

choroid  plexus,  927 

lungs,  635 

mouth,  645 

muscle,  875 

nose,  581 

ovary,  836 

penis,  855 

peritoneum,  699 

scrotum,  855 

skin,  360 

spleen,  510 

thymus,  511 

thyroid,  514 
echinococcus,  125 
follicular,  of  ovary,  836 
foreign  body,  360 
grand-daughter,  125 
hydatid,  125 

of  appendix  vermiformis,  686 
bladder,  urinary,  788 
bone,  903 
brain,  979 
choroid  plexus,  927 
Fallopian  tubes,  841 
intestine,  690 
kidney,  772 
Hver,  737 
mamma,  852 

male,  867 
mesentery,  699 
oesophagus,  654 
omentimi,  699 
ovary,  360,  830,  836,  837 
pancreas,  706 
parovarium,  837 
pericardium,  522 
pia  mater  cerebralis,  921 
placenta,  826 
pleura,  642 
prostate,  866 
spinal  cord,  978 
spleen,  510 
stomach,  666 
tongue,  646 
urethra,  792 
uterus,  822 
vagina,  797 
vulva,  795 
preservation  of,  1039 
retention,  360 
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Cysts,  retention,  of  Cowper's  glands,  867 
larynx,  585 

retroperitoneal,  699 

retro-ovarian,  841 

sebaceous,  of  penis,  855 

transudation,  360 
Cysto-sarcomata,  375 
C3rta8e,  179 
Cytolysins,  anti-,  175 
Cytolysis,  60,  171,  174 

Ehrlich's  hypothesis,  application  of, 
to,  176 

in  liver,  715 

phagocytes  in,  178 
Cytolytic  substances,  171,  174 
Cytoryctes  vaccinae,  305 
Cjrtotoxins,  anti-,  175 

DaCosta,  on  blood,  ref.,  452 

Da  Fano,  on  tissue  transplantation,  79 

Dagonetf  on  tiunors  of  dura  mater,  ref., 

911 
Dahms,  on  differentiation  of  smegma  and 

tubercle  bacilli,  ref.,  267 
Dana  and  Berkeleyy  on  tumors  of  pineal 

gland,  ref.,  980 
Daughter  cysts,  echinococcus,  125 
Davenport y  on  chemotaxis,   ref.,   86;  on 

heredity,  ref.,  14 
Davis f  on  adrenals,  ref.,  516;  on  bacte- 
riology of  tonsils,  ref.,  649;  on  B.  influ- 
enzae,  ref.,    234;   on   chronic   strepto- 
coccus arthritis,  ref.,  904;  on  diabetic 
gangrene,  ref.,  435;  on  diverticula  of 
duodenum,  ref.,  667 ;  on  Ducrey's  bacil- 
lus, 228 ;  on  excitant  of  whooping-cough, 
ref.,  317;  on  leptothrix,  ref.,   232;  on 
meningococcus  in  blood,  ref.,  225;  on 
tumors  of  adrenals,  ref.,  571 
Day  tony  on  hsemolymph-nodes,  ref.,  498 
Dead  tissues,   disposal   of,  in  body,  98, 

103 
Death,  black,  288 
causes  of,  9 
sudden,  446 

and  persistent  thymus,  ref.,  440, 

448 
in  status  lymphaticus,  439, 

448 
lesions  leading  to,  446 
violent,  442 

time  of,  as  determined  post-mortem, 
988 


de  Beurmann  and  Gougerotj  on  sporotri- 
chosis, ref.,  149 
Decalcification  of  tissues,  1031 
Deciduoma  malignum,  820 
Decomposition,  post-mortem,  987 
Degeneration,  39 
acute,  39 
albuminous,  39 
of  heart,  533 
kidney,  751 
liver,  716 
muscle,  871 
pancreas,  703 
stomach,  656 
amyloid,  48 

of  adrenals,  515 
arteries,  558 
heart,  535 
intestine,  671 
kidney,  753 
liver,  720 
lymph-nodes,  482 
muscle,  872 
pancreas,  703 
placenta,  823 
spleen,  500 
stomach,  656 
thyroid,  512 
uterus,  803 
tests  for,  50,  1012 
ascending,  of  nervous  system,  954 
axonal,  948 
cheesy,  59 
colloid,  45,  47 

of  thyroid,  512 
combined  system,  962 
descending,  in  nervous  system,  953 
diffuse,  of  spinal  cord,  963 
fatty,  40,  41 

of  arteries,  557 

endocardium,  535 
kidney,  752 
heart  muscle,  534 
joints,  903 
liver,  720 
muscle,  871 
pancreas,  703 
placenta,  823 
prostate,  863 
stomach,  656 
uterus,  803 
veins,  593 
glycogenic,  44 
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Degeneration,  glycogenic,  of  kidney,  753 
liver,  721 
granular,  39 
hyaline,  48 

of  arteries,  558 
heart,  535 
lymph-nodes,  482 
muscle,  871 
pancreas,  703 
prostate,  863 
thyroid,  512 
hydropic,  45 
in  inflammation,  97 
lardaceous,  48 
lipoid,  43 
mucous,  45 
neurone,  946 

of  dendrites,  946 

ganglion  cells,  ref .,  965,  966 
neurone  systems,  951 
nerves,  970 
nervous  system,  946 
parenchymatous  (see  Degeneration, 
albuminous),  39 
of  kidney,  751 
liver,  716 
primary,  of  nervous  system,  953 
secondary,  of  nervous  system,  953 
waxy,  48 

of  muscle,  872 
Ddafieldf  on  colitis,  675 
Delafield's  hematoxylin  solution,  1035 
Delamarej  on  syphilitic  nephritis,  ref.,  770 
Delamare  and  Lecene^  on  giant  cells  in 

carcinoma,  ref.,  410 
Dendrites,  943 

degeneration  of,  947 
Dermacentor  occidentahs  as  agent  of  in- 
fection in  Rocky  Mountain  fever,  301 
Dermatitis,  blastomycotic,  146 
Dermoid  cysts  (see  Cysts,  dermoid),  360 
Desmoid,  565 
Dewey,  on  tuberculosis  of  stomach,  ref., 

659 
De  Witty  on  dysmenorrhoea,  ref.,  804;  on 
islands  of    Langerhans,  ref.,  704;   on 
myositis  ossificans,  ref.,  874 
Diabetes,  bronzed,  436 
mellitus,  435 

internal  secretions  in,  436 
phloridzin,  ref.,  436 
Diapedesis,  86 

haemorrhage  by,  20 


Diaphragm,  eventration  of,  692 

examination,  post-mortem,  of,  1003 
malpositions  of,  691 
vault  of,  1003 
Diastematomyelia,  928 
Diaster  phase  of  mitosis,  66 
Diathesis,  hsemorrhagic,  22 
Dicephalus,  331 

Dicky  on  fusiform  bacilli,  ref.,  293 
DieudonnSf  on  plague  bacillus,  ref.,  288 
Digestive  system,  643 
Digitalis  poisoning,  425 
Dioxydiamidoarsenobenzol,  119 
Diphtheria,  282 

antitoxin,  164,  285 
theory  of,  165 
bacillus  of,  282,  283,  284 
bacteriology  of,  283 
carriers,  285 
communicability  of,  285 
concurrent  infections  in,  284 
immunization,  artificial,  in,  ref.,  304 
lesions  in,  282 
of  larynx,  583 

of  pharynx,  648 
pseudo-,  212 
septicaemia  in,  284 
toxin,  164,  285 
Diplobacilli,  135 
Diplococci,  135 

Diplococcus  intracellularis  meningitidis, 
223 

characters  of,  225 
pneumonie,  217 

character  of,  218 

in  mouths  of  healthy  persons, 

ref.,  219 
occurrence  of,  219 
sources  of,  219 
staining  reactions  of,  220 
Diplomyelia,  928 
Diprosopus,  331 
Dipygi,  330 

Disease,  adaptation  to,  8 
characters  of,  4 
conditions  of,  8 
external,  9 
internal,   13 
contagious,  ref.,  159 
disposition  to,  8 
excitants  of,  5 
general,  429 
infectious,  156 
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Disease,  infectious,  bibliography  of,  319 
classification  of,  197 
communicable,  159 
communicability  of,  158 
definition  of,  160 
endemic,  159 
epidemic,  159 
general  considerations,  197 
non-communicable,  159 
of  animals,  319 

unknown  origin,  318 
pandemic,  159 
occupational,  9 
"specific,'M97 
Disposition  to  disease,  8 
Distoma  hsematobium,  123 
hepaticum,  123 
in  liver,  739 

veins,  575 
lanceolatum,  123 
sinense,  123 
Diverticula,  acute,  of  intestine,  668 
false,  of  intestine,  668 
Meckel's,  667 
of  appendix,  668 

bladder,  urinary,  782 
intestine,  667 
oesophagus,  652 
pharynx,  647 
Djewitsky,   on  tumors  of  heart  valves, 

ref.,  556 
Dmochowaki  and  Janowski,  on  cysts  in 
liver,  ref.,  736;  on  pyogenic  powers  of 
typhoid  bacilus,  ref.,  244 
Dohrowohkij  on  lymph-nodules  of  larynx, 

etc.,  ref.,  649 
DocheZf  on  D.  pneumonia  in  blood,  ref., 

218;  on  pneumonia,  220 
Dochez  and  Gillespie,  on  lobar  pneumonia, 

220 
Dock,  on  chloroma,  ref.,  376;  ref.,  479; 
on  sarcoma  of  stomach,  ref.,  663;  on 
trichomonas,  ref.,  119 
Dock  and   Warthin,    on  chloroma,  ref., 

479 
Doerr  and  Riiss,  on  anaphylaxis,  191 
Dofleiny  on  protozoa,  ref.,  115 
D6hle  bodies  in  scarlatina,  307 
Donath  and  Landsteiner,  on  paroxjrsmal, 

hemoglobinuria,  ref.,  456 
Dorset,  on  invisible  microbes,  ref.,  319 
Doty,  on  quarantine  in  yellow  fever,  ref., 
302 


Dowd,   on   cervical  tuberculous  lymph- 
nodes,  ref.,  487;  on  cysts  of  mesentery, 
ref.,  699;  on  cysts  of  omentum,  ref.,  699 
Draper  and  Hanford,  on  scarlatina,  ref., 

307 
Dropsy,  22,  518 
Drowning,  death  from,  443 
Drysdale's  corpuscles,  835 
Ducrey's  bacillus,  228 
Duct,  thoracic,  lesions  of,  576 
Duke,  on  purpura,  ref.,  439 
Dimi-dum  fever,  119 
Dunbar,  on  typhoid  fever,  ref.,  244 
V.  Dungern,  on  immunity,  196 
Dura  mater  cerebralis,  908 
bone  in,  911 
hsemorrhage  of,  908 
inflammation  of    (see    Pa- 
chymeningitis), 909 
structure  of,  908 
syphilis  of,  911 
thrombosis  of,  908 
tuberculosis  of,  911 
tumors  of,  911 
examination,   post-mortem,   of, 

992 
methods  of  hardening,  998 
spinalis,  921 

bone  in,  922 
hemorrhage  of,  922 
inflammation  of    (see  Pa- 
chymeningitis), 922 
parasites  of,  922 
structure  of,  921 
tuberculosis  of,  922 
tumors  of,  922 
Durham,  on  mosquito  in  yellow  fever, 

ref.,  302 
Dust  infection  in  tuberculosis,  265 
Dutton    and    Todd,    on    tick    fever    in 

monkeys,  293 
Duval,  on  cultures  of  B.  leprae,  ref.,  269; 

on  parasites  of  scarlatina,  ref.,  307 
Duval  and   WeUman,   on   cultivation  of 

B.  leprae,  ref.,  268 
Dysentery  (see  Colitis),  675 
amoebic,  ref.,  116 
bacillus  of,  247,  677 
Dysmenorrhoea,  membranous,  804 
Dyspnoea,  9 

Ear,  internal,  examination,  post-mortem, 
of,  998 
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Ear,  middle,  relation  of,  to  meningitis, 

ref.,  917 
EbcTf  on  animal  tuberculosis,  ref.,  260 
Ecchondroses,  384 
Ecchymoses,  21,  989 
Echinococcus,  125 
cysts,  125 
exogena,  126 
in  brain,  979 
heart,  556 
kidney,  781 
liver,  738 
muscle,  875 
peritoneum,  699 
pleura,  642 
prostate,  866 
spleen,  511 
testicle,  863 
thyroid,  514 
uterus,  822 
veins,  575 

ventricles  of  brain,  927 
multilocularis,  126 
scolecipariens,  126 
Eckersdorfff   on   sarcoma   of   lung,   ref., 

634 
Eclampsia,  lesions  of  liver  in,  716,  718 
Ectopia  cordis,  323 
Ectopic  pregnancy,  841 
Ectosarc,  116 

EdeUf  on  placenta,  ref.,  822 
Edsall  and  Gkriakeyy  on  communicability 

of  pneumonia,  ref.,  606 
Egg  albumen  for  fixing  section  to  slide, 

1028,  1034 
Ehrlich's  hypothesis,  176 
Ehrlichf  on  experimental  tumors  of  mice, 
ref.,  351;  on  immunity,  196;  side  chain 
hypothesis   of,  165;  triacid   stain  for 
blood,  468 
Ehrlich  and  Lazarus,  on  diseases  of  blood, 

ref.,  471 
Elaterium  poisoning,  422 
Elbe,  on  calcification  of  kidney,  ref.,  753 
Electricity,  action  of,  on  bacteria,  138 

death  from,  10 
Elephantiasis  of  penis,  855 
scrotum,  855 
vulva,  794 
ElscTy  on  cerebro-spinal  meningitis,  ref., 

225 
Elser  and  Huntoan,  on  meningococcus  in 
blood,  ref.,  225 


Eisner,  on  formation  of  gall-stones,  ref., 

744 
EUing,    on    gonorrhoea,    ref.,    221 
Embedding  tissues,  1031 
Emboli,  28 
air,  34 
fat,  29,  34,  469 

of  lungs,  595 
forms  of,  29 
liver-cell,  ref.,  29 
parenchyma-cell,  ref.,  29 
placental-cell,  ref.,  29 
sources  of,  31 
tumor-cell,  34 
Embolism,  28 
effects  of,  29 
of  arteries,  571 
bram.  940 
cerebral  arteries,  31 
kidney,  748 
mesenteric  vessels,  671 
spinal  cord,  942 
spleen,  502 
paradoxical,  32 
retrograde,  32 

study  of,  in  living  animal,  34 
Emerson,  on  experimental  nephritis,  ref., 
769;  on  pneumothorax,  ref.,  637;  on 
status  lymphaticus,  ref.,  440 
Embryo,  age  of,  to  determine,  1023 
malformations  of,  320 
size  of,  1023 
Emphysema  of  bladder,  urinary,  786 
lung,  597 

interstitial,  599 
vesicular,  597 
Empyema,  199,  638 

excitants  of,  639 
Encephalitis,  acute,  964 
chronic,  971 
disseminated,  965 
hemorrhagic,  965 
in  new-bom,  972 
parenchymatous,  ref.,  965 
suppurative,  965 
Encephalocele,  928 
Encephalomeningocele,  325 
Enchondroma  (see  Chondroma),  383 
Endarteritis,  559 
obliterating,  560 

of  coronary  arteries,  537 
Endemic  disease,  159 
Endocarditis,  542 
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Endocarditis,  acute,  543 
bacteria  in,  544 
chronic,  547 

xilcerative,  548 
gonorrhoeal,  ref.,  545 
infective,  ref.,  545,  547 
malignant,  544 

bacteria  in,  544 
mycotic,  544 
stenosis  of  valves  in,  548 
thrombi  in,  546 
tuberculous,  548 
ulcerative,  acute,  543 
chronic,  548 
malignant,  544 
vegetations  in,  543,  546,  548 
verrucous,  543 
Endocardium,  degeneration  of,  535 

lesions  of,  530,  542 
Endometritis,  804 

acute  catarrhal,  804 
chronic,  804 
exfoliative,  804 
membranous,  806 
puerperal,  808 
tuberculous,  806 
syphilitic,  807 
Endometrium,  hyperplasia,  glandular  of, 
805 
inflanmiation  of  (see  Endometritis), 
804 
Endophlebitis,  573,  574 
Endosarc,  116 
Endothelioma,  377 
of  adrenals,  517 

appendix  vermiformis,  690 

bone,  901 

brain,  977 

dura  mater  cerebralis,  911 

spinalis,  922 
kidney,  776 
liver,  735 
lung,  634 
lymph-nodes,  498 

l3rmph-vessels,  577 

nerves,  979 

ovary,  830 

pericardium,  522 

peritoneum,  698 

pia  mater  cerebralis,  920 

spinahs,  923 
pleura,  641 
salivary  glands,  700 


Endothelioma  of  thymus,  511 

thyroid,  514 

uterus,  813 

vagina,  797 

Endothelium,  regeneration  of,  75 

Endotoxin,  152 

bacterial,  139 
Energy,  cell,  3 

transformations  of,  in  cells,  35 
Engelkerif    on    adenoma    of    kidney    in 

children,  ref.,  776 
Enostoses,  899 
Entamoeba  histolytica,  115 

in  colitis,  676 
Enteritis,  acute  catarrhal,  672 

chronic  catarrhal,  672 

exudative,  673 

follicular,  672 

nodular,  672 

phlegmonous,  ref.,  673 

pseudo-membranous,  672 

streptococcus,  ref.,  681 

suppurative,  673 

syphilitic,  674 

tubercxilous,  673 
Enteroliths,  690 
Enzymes,  bacterial,  139 

proteolytic,  in  phagocytes,  105 
Eosin-hsematoxylin  stain  for  nerve 

tissue,  981 
Eosinophile  cells,  461 
Ependyma,  924 

cysts  of,  927 

inflammation  of,  924 

lesions  of,  924 

method  of  hardening,  998 

parasites  of,  927 

timiors  of,  927 
Ependymitis,  924 
Epicardial  nodules,  521 
Epidemic  disease,  159 
Epididymitis,  858 
Epignathus,  332 
Epispadias,  324,  781,  853 
Epistaxis,  21,  579 
Epithelial  bodies,  514 

cell  tumors  395 

pearls,  407 
Epithelioma  (see  also  under  Carcinoma), 
405,  406 

adamantinum,  415 

basal-celled,  408 

giant-celled,  410 
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Epithelioma,  neuro-,  410 
of  mamma,  851 
nose,  581 
scrotimi,  855 
uterus,  815 
Epithelium,  growth  of,  following  injec- 
tions of  Scharlach  R,  352 
regeneration  of,  71 
EppingeTy   on   pathological   relations   of 

spleen,  ref.,  499 
Epulis,  373 

of  mouth,  645 
Erdheinif  on  thyroid,  ref.,  512 
Erdmarij  on  caisson  disease,  ref.,  11 
Erlanger,  on  Stokes-Adams'  disease,  ref., 

549 
van  Ermengfienij  on  intestinal  bacteria, 

ref.,  681 
Ernst f  on  cartilage  tumors,  ref.,  383;  on 
metastases  in  chondroma,  ref.,  384; 
on  psammoma,  ref.,  912 
Erysipelas,  211 
of  penis,  854 
vulva,  793 
Erythnemia,  455 
Erythroblastoma,  902 
Erythrocytes  (see  Blood  cells,  red),  456 
Erythrocytoma,  902 
Erythrocyto-opsonins,  184 
EsseTy  on  circulatory  changes  in  lungs, 

ref.,  595 
Etat  mamelonni  of  stomach,  657 
Ether  poisoning,  424 
Etienne,  on  tuberculosis  of  endocardium, 

ref.,  548 
Euparal  mounting  medium,  1029 
EwinQy  on  adipocere,  ref.,  987;  on  bacteria 
in  smallpox,  ref.,  304;  on  blood,  ref., 
452;  on  blood  changes  in  disease  of 
liver,  ref.,  734;  on  eclampsia,  ref.,  718; 
on  epitheUal  cell  changes  in  measles, 
ref.,  309;  on  ganglion  cells,  ref.,  243, 
948;  on  immunity  in  typhoid  fever, 
ref.,  245;  on  lesions  of  goitre,  433;  on 
lymphatic  constitution,  ref.,  440,  448; 
on  malarial  nephritis,  ref.,  761;  on 
sudden  death,  ref.,  448;  on  toxic 
hypoleucoc\'tosis,  ref.,  464;  on  vaccine 
bodies,  305 
Exjoing  and  Strauss,  on  precipitin  test  for 

blood,  ref.,  182 
Examination,  post-mortem,  933 
Exophthalmos,  432 


Exostoses,  386,  899 
Exudates,  23,  199 

autolysis  of,  202 

in  inflammation,  87 

r61e  of,  108 

sterile,  method  of  securing,  195 
Exudation,  study  of,  on  frog.  111 
Eye,  examination,  post-mortem,  of,  998 

malformations  of,  325,  927 

Face,  malformations  of,  643 
Faeces,  typhoid  bacilli  in,  244,  245 
Falkson,  on  tumor  of  pineal  gland,  980 
Fallopian  tubes,  838 

absence  of,  838 

closure  of,  838 

cysts  of,  841 

dilatation  of,  838 

ectopic  pregnancy,  841 

examination,  post-mortem,  of,  1020 

haemorrhage  of,  839 

hydrosalpinx,  838 

hyperplasia  of  muscle  wall,  839 

inflammation  of,  839 

malformations  of,  838 

malpositions  of,  838 

preservation  of,  1020 

pyosalpinx,  840 

size  of,  1020 

changes  in,  838 

syphilis  of,  840 

tuberculosis  of,  840 

tumors  of,  841 
Falia,  on  senile  gangrene,  ref.,  58 
FaUiny  on  bacteria  of  urinary  passages, 

ref.,  786 
Famine  fever,  292 
Farcm  de  boeuf,  232 
Farcy,  226 
Farmer,  Moore  and  Walker,  on  mitoeis  in 

tumors,  351 
F arrant,  on  thyroid  h^'perplasia,  ref.,  512 
Fat-acid  crystals,  technique  of  staining, 
ref.,  44 

emboli,  29,  34 
Fat-acid  in  blood,  469 

necrosis,  59 

stains  for,  44,  1029 

technique  of  fixation,  44 

tissue,  regeneration  of,  77 
Fatigue,  action  of,  on  neurones,  950 
Fatty  degeneration,  40,  41 
infiltration,  40,  43 
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Favus,  148 

Fddmanny  on  chordoma  of  sacrum,  ref., 

385 
Fenwicky  on  hair  balls  in  stomach,  ref., 

666;  on  sarcoma  of  stomach,  ref.,  663 
Fermentation  and  yeasts,  146 

bacteria  in,  139 
Ferments,  bacterial,  139 
Fever,  440 

famine,  292 

catarrhal,  epidemic,  233 

hospital,  300 

inflammatory,  ref.,  204 

jail,  300 

Malta,  287 

paratyphoid,  247 

puerperal,  ref.,  204,  808 

relapsing,  292 

Rocky  Mountain  spotted,  301 

scarlet,  307 

seven-day,  292 

ship,  300 

spirillum,  292 

splenic,  228 

spotted,  300 

Rocky  Mountain,  301 
suppurative,  ref.,  204 
surgical,  ref.,  204 
Texas,  122 
tick,  301 

traumatic,  ref.,  204 
typhoid,  234 
typhus,  300 
yellow,  301 
Fibrin,  86 
Fibrinogen,  452 
Fibroblasts,  74,  93 
Fibroma,  362 

diffusiun,  794 

of  penis,  855 
dunun,  362 

intracanalicular,  365,  847 
molle,  362 
molluscum,  363 
of  appendix  vermiformis,  690 
bladder,  urinary,  786 
bone,  899 
brain,  976 
bronchi,  591 
dura  mater  cerebralis,  911 

spinalis,  922 
ependyma,  927 
Fallopian  tubes,  841 


Fibroma  of  gall-bladder  and  -ducts,  743 
heart,  556 
intestine,  688 
joints,  907 
kidney,  776 
larynx,  685 
Uver,  735 
lymph-nodes,  498 
lung,  634 
mamma,  847 
mamma,  male,  867 
mouth,  645 
muscle,  875 
oesophagus,  653 
ovary,  298 
penis,  855 
pericardium,  522 
peritoneimi,  696 
pharynx,  650 
pia  mater  cerebralis,  920 
spinalis,  923 
pleura,  641 
salivary  glands,  700 
scrotum,  855 
spleen,  510 
spinal  cord,  978 
stomach,  662 
testicle,  860 
tongue,  646 
uterus,  809 
vagina,  797 
vulva,  794,  795 
papillare,  809 
pericanalicular,  848 
Fibrosis,  96 
Fibrous  tissue,  hyperplasia  of,  96 

in  pulmonary  tuberculosis,  630 
Ficker,  on  flies  and  tjrphoid,  ref.,  245 
Field,  on  parasites  in  scarlatina,  ref.,  307 
Filaria  medinesis,  130 

sanguinis  hominis,  130 
in  kidney,  781 

lymph-nodes,  498 
lymph- vessels,  576 
Filarial  lymphatic  varix,  ref.,  130 
Filariasis,  130 

First  intention,  healing  by,  82 
Firth,    on    micro-organisms  in  air,  ref., 

150 
Fischer,  on  atypical  epithelioma,  ref.,  352; 
on  cholera  spirillum,  ref.,  135;  on  false 
diverticula  of  intestine,  ref.,  668 
Fish  poisoning,  425 
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Fischly  on  foetal  infection,  ref.,  158 

Fistula,  90 

branchial,  647 
recto- vaginal,  796 
vesico-vaginal,  796 

Fitz,  on  cysts  of  pancreas,  ref.,  707;  on 
dilatation  of  colon,  ref.,  671;  on  pan- 
creas, ref.,  706 

Fixateur,  179;  ref.,  184 

Fixation  of  immune  substance,  173 
tissues,  1029 

rapid,  1028 
tumor  tissue,  362 

Fixative,  179 

Flagella  of  bacteria,  133 

Flechsig,  on  tables  dorsalis,  962 

FleiscJier  and  Loeb,  on  experimental 
myocarditis,  ref.,  539 

Flemming's  osmic  acid  mixture,  1030 

FletcheTf  on  tuberculous  cavities  in 
liver,  ref.,  733 

Flexner,  on  abrin  and  ricin  intoxication, 
ref.,  203;  on  autolysis,  106;  on  bubonic 
plague,  ref.,  612:  on  connective  tissue 
in  cirrhosis,  ref.,  727;  on  dysentery, 
ref.,  678;  on  experimental  meningitis, 
225;  on  experimental  pancreatitis,  ref., 
705 ;  on  fatty  degeneration  of  heart,  ref., 
535;  on  focal  necroses  in  typhoid  fever, 
ref.,  241;  on  focal  necrosis  of  liver,  ref., 
715;  on  haemolysis,  174;  on  hyperplasia 
of  heart,  ref.,  541;  on  plague,  ref.,  288; 
on  poliomyelitis,  ref.,  300;  on  serum 
therapy  in  meningitis,  226;  on  specific 
therapy  of  infections,  196;  on  syphilis 
of  stomach,  ref.,  659;  on  terminal 
infection,  ref.,  158;  on  thrombi,  ref., 
26;  on  toxalbumin  intoxication,  ref., 
153;  on  tuberculous  oesophagitis,  ref., 
653;  on  typhoid  bacilli  in  heart,  ref., 
244 

Flexner  and  AmosSy  on  poliomyelitis,  ref., 
299 

Flexner  and  Andersony  on  B.  diphtherise 
in  lungs,  ref.,  284 

Flexner  and  Joblingt  on  serum  therapy  in 
meningitis,  ref.,  226;  on  transplanta- 
tion of  tumors,  355 

Flexner  and  Lewis ^  on  anterior  poliomye- 
litis, 299;  ref.,  969 

Flexner  and  Noguchi,  on  anterior  polio- 
myelitis, 300,  ref.,  969;  on  snake  venom, 
ref.,  424 


Flexner  and  PearcCj  on  experimental  pan- 
creatitis, ref.,  705 

Flexner  and  Sweet,  on  experimental  colitis, 
ref.,  678 

Flies,  as  carriers  of  tuberculosis,  ref.,  151 
as  carriers  of  typhoid,  ref.,  151,  245 

Flockemann^  on  pulmonary  syphilis,  ref., 
634 

Flugge,   on   distribution   of   bacteria   in 
sneezing,  etc.,  265 

Focal  necroses,  203 

Flukes,  123 

Foetal  adenoma  of  thyroid,  398,  432;  in- 
clusions, 333 
infections,  157 

Foetus  acardiacus,  328 

malformations  of,  320 

size  of,  at  various  periods,  1023 

Fordf  on  bacteria  in  body,  ref.,  150;  on 
intestinal  bacteria,  ref.,  681 

Foreign-body  tubercles,  102 

Foreign  bodies,  injuries  from,  11 

substances,  disposal  of,  in  body,  98 
disposal  of,  in  body,  experiment- 
al study  of,  110 

Formalin  as  tissue  fixative,  1029 

Formaldehyde  (see  Formalin),  1029 

Formative  stimuli,  79,  350 

Formol  (see  Formalin),  1029 

Forayihy  on  Haffkine  method  in  plague, 
ref.,  289 

Foster^  on  changes  in  aorta,  ref.,  564 

Foulertony  on  blastomycetes,  146 

Fox,  on  paratyphoid,  ref.,  247 

Fractures,  post-mortem,  990 

FramboDsia  tropica,  293 

Frank,  on  chorionepithelioma,  ref.,  820, 
822,  826;  on  secretions  of  corpus  lute- 
um,  ref.,  822;  on  thyroid  tissue  in 
ovary,  ref.,  836 

Frank  and  Unger,  on  growth  of  manmiary 
gland,  ref.,  842 

Fraser,  on  human  and  bovine  tuberculo- 
sis, ref.,  888 

Frazier,  on  cyst«  of  mesentery,  ref.,  6W 

Freeborn,  on  picro-acid-fuchsin  stain, 
1036 

Freeman,  on  fatty  infiltration  of  liver  in 
children,  ref.,  720;  on  focal  necrosis  in 
measles,  309;  on  spread  of  typhoid, 
ref.,  245;  on  typhoid  and  oysters,  ref., 
245;  on  vaccination,  ref.,  306 

Frenkel  and  Baasal,  on  chordoma,  ref.,  385 
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Frieberger  and  Frohner  on  infections  dis- 
eases of  animals,  319 
FriedemanTij  on  anaphylaxis,  ref.,  191 
Friedl&nder  bacillus,  216 
Friedmann^  on  tonsils  as, portals  of  entry 

for  tubercle  bacilli,  ref.,  650 
Friedrich's  ataxia,  963 
Friedrich,  on  ataxia,  ref.,  963 
Frog,  circulation  in,  study  of,  34 
circulation  of  blood  in,  83 
plates,  Thoma's,  111 
study  of  inflammation  in,  111 
Frosty    on    anterior    poliomyelitis,    ref., 

300 
Frothingham,    on    arterial    lesions,    ref., 
559,  565;  on  demonstration  of  Negri 
bodies,  297 
Frozen  section  of  tissues,  1028 
Ftterst,  on  giant  cells,  ref.,  103 
Fungus,  favus,  148 
fission,  133 
mould,  133,  147 
poisoning,  422 
ray,  231 
yeast,  133,  146 
Funk,  on  vitamines,  ref.,  318 
Furuncle,  199 

FtUtereTf    on    squamous   epithelioma   of 
stomach,  ref.,  666 

QaUaverdinf  on  stricture  of  intestine,  ref., 

671 
Gall-bladder,  bacteria  in,  742 

calculi  of,  743 

dilatation  of,  743 

examination,  post-mortem  of,  1016 

infections  of,  742 

inflammation  of,  740 

lesions  of,  740 

perforation  of,  740 

tumors  of,  743 
Gall-ducts,  abscesses  of,  741 

bacteria  in,  741,  742 

calculi  of,  743 

constriction  of,  742 

dilatation  of,  743 

examination,  post-mortem,  of,  1016 

infection  of,  741 

inflammation  of,  740 

lesions  of,  740 

new-formed,  in  cirrhosis,  727 

occlusion  of,  740,  742 

tumors  of,  743 


Gall-stones,  743 

composition  of,  744 
in  pancreatic  duct,  707 
r61e  of  micro-organisms  in,  745 
Gamboge  poisoning,  422 
Ganglia,  basal,  blood  supply  of,  ref.,  425 
Ganglion  cells(see  Neurones), 944,  ref.,  948 

degeneration  of,  962,  965,  966 
Gangrene,  57 
diabetic,  435 
dry,  58 

emphysematous,  290 
moist,  58 

of  appendix  vermiformis,  685 
lung,  599 
pancreas,  705 
vagina,  797 
vulva,  794 
senile,  ref.,  58 
Gappisch,  on  actinomyces-like  structures 

in  tonsillar  crypts,  ref.,  649 
Gas  bacillus,  34,  289 
in  blood,  34 

pleura,  637 
formation,  post-mortem,  987 
B.  a^rogenes  in,  290,  987 
phlegmon,  290 
Gastritis,  656 

acute  catarrhal,  656 
chronic,  656 
croupous,  658 
diphtheritic,  658 
exudative,  658 
membranous,  658 
phlegmonous,  658 
suppurative,  650 
syphilitic,  659 
toxic,  659 
tuberculous,  659 
Gayy  on  complement  fixation,  ref.,  183 
Gay  and  Rusk,  on  antibody  formation, 

ref.,    175 
Gay  and  Southard,  on  anaphylaxis,  ref  .,191 
Gaylord,  on  origin  of  fibrin,  ref.,  637 
Geissler,  on  tuberculosis  of  arteries,  ref., 

566 
Gemmules,  944 
General  diseases,  429 
Genito-urinary      organs,      examination, 
post-mortem,  of,  female,  1019, 
1026 
male,  1018,  1026 
new-born,  1023 
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Germicides,  138 

Germs,  133 

GervlanoSy  on  dermoid  cysts  of  penis,  ref., 

855 
Ghon  and  Sachs j  on  B.  a^rogenes  capsu- 

latus,  ref.,  290 
GiannettasiOf  on  umbilical  tumors,  ref.,  667 
Giant  cells,  67,  102 

in  epithelioma,  410 
Giemsa  stain,  for  blood,  316 

for  blood  and  tissues,  1037 
Gigantism,  438 
Gigantoblasts,  459 
Gilbert  and  lAppmannf  on  gall-bladder 

infections,  ref.,  742 
Gilchrist,    on   blastomycotic    dermatitis, 
ref.,  146;    on  fibroma  molluscum,  363 
Gilson's  mounting  medium,  1029 
Glanders,  226 

diagnosis  of,  227 
Glands,  Nabothian,  ectasia  of,  805 
Glegg,  on  hay  fever,  ref.,  580 
Glioma,  387 

of  adrenals,  517 
brain,  976 
ependyma,  927 
Glio-sarcoma,  370,  388 
Glocknevy  on  endothelioma,  ref.,  380;  on 

endothelioma  of  pleura,  ref.,  642 
Glomerulo-nephritis,  757 
Glomeruli,  lesions  of,  756 
Glomsetf  on  D6hle  bodies,  ref.,  307 
Glossina  morsitans,  118 

palpalis,  118 
Glossitis,  646 

Glottis,  oedema  of,  582,  1011 
Gluge^s  corpuscles,  941,  966 
Glycogen  infiltration,  44 

technique  of  staining,  44,  1038 
Glycogenic  degeneration,  (See  Degenera- 
tion, glycogenic),  144 
Glycosuria,  ref.,  436 
Goitre,  513 

exophthalmic,  432 
Goldberger,  on  mosquito  in  yellow  fever, 

ref.,  302 
"Golden"  coccus,  206 
Golgi,  neurone  conception  of,  943 
Gonococcus,  see  M.  gonorrhowe,  221 

in  inflammation  of  rectum,  683 

peritonitis,  ref.,  694 

salpingitis,  ref.,  840 

vaginitis,  796 


Gonorrhoea,  221 

Goodwin  and  v.  ShoUy,  on  meningococcus, 
ref.,  225 

Gordinier  and  LarHgau,  on  B.  typhosus 
in  empyema,  ref.,  639 

Gottstein,  on  micro-organisms  in  air,  ref., 
150 

Gougeroty  on  yeasts  and  moulds,  ref.,  149 

Gout,  436 

joint  lesions  in,  905 

Gowers,  tract  of,  952 

Graafian  follicles,  hsemorrhage  in,  827 

Grafy  on  periarteritis  nodosa,  ref.,  566 

Grahaniy  on  displacements  of  liver,  708; 
on  hsemorrhagic  disease,  ref.,  22 

Graham-Smith,  on  precipitin  test  for 
blood,  ref.,  182;  on  typhoid  carriers, 
ref.,  245;  on  xerosis  bacillus,  ref.,  285 

Gram's  stain  for  bacteria.  144 
Weigert's  modification,  144 

Granulation  tissue,  92 

in  wound  infection,  ref.,  152 

Granulations,  92 
exuberant,  95 

Granuloma,  infectious,  ref.,  251,  348, 361 

Grass  bacillus,  267 

Graves'  disease,  432 

Greenough,  on  cell  inclusions  in  cancer, 
ref.,  350 

Greenough  and  Hartwell,  on  cystic  hyper- 
plasia of  mamma,  ref.,  845 

Greffy  on  trachoma  bodies,  307 

Gregarinse,  120 

Griffith,  on  aneurism  of  coronary  arteries, 
ref.,  570;  on  dilatation  of  colon,  ref., 
671 

Grippe,  233 

GrobeTy  on  infection  of  pleura,  ref.,  640; 
on  pleura  as  portal  of  entry  for  bac- 
teria, ref.,  614 

Ground  water,  141 

Group  agglutination,  180 

GrovcTy  on  experimental  cirrhosis,  ref., 
730 

GrUber,  on  myositis  ossificans,  ref.,  874 

Guarnieri,  on  smallpox,  305 

Guinea  worm,  130 

GuiteraSy  on  mosquito  in  yellow  fever, 
ref.,  302 

Gummata,  273 
of  bone,  881 
heart,  542 
kidney,  770 
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Gummata  of  pancreas,  706 

ovary,  829 
Gums,  tumors  of,  645 
Gurd,  on  gonorrhoea!  salpingitis,  ref.,  840 
Guy  and  Ferrier,  on  forensic  medicine, 

425 
Guyotf  on  formation  of  Ijonph-vessels  in 

pleurisy,  ref.,  640 
Gwyn,  on  typhoid  bacilli  in  urine,  ref., 

244 

Haasler,  on  regeneration  of  bone  marrow, 

ref.,  76 
Hsemagglutinins,  injection  of,  into  ani- 
mals, 715 
Hemangioma,  393 
Hsematemesis,  21,  655 
Hsematocele,  857 

uterine,  803 
Haematogenesis,  defective,  457 
Hsematoidin,  53,  457 
Hsematolysis,  456 
Hsematoma,  21 
[    of  pia  mater  cerebralis,  919 

polypoid,  of  uterus,  803 
Hsmatometra,  800 
Hsematomyelia,  939 
Hffimatomyelopore,  939 
Haematoxylin  as  staining  agent,  1035 
Hsmatozoon    of    malaria,    121 

Texas  fever,  121 
Hsematuria,  21;  footnote,  176 
Hemochromatosis,  54 
Hsemoglobin  index,  474 
Hsemoglobinsemia,  454,  456 
Hsemoglobinuria,  456 

of  cattle,  122 
Hsemolymph-nodes,  497,  ref.,  499 

compensatory  hypertrophy  of,  ref., 
73 
Hsemolysins,  171 

auto-,  ref.,  176 

bacterial,  ref.,  206 
Haemolysis,  53,  54,  172 

by  Staphylococcus  pyogenes  aureus, 
206 
Streptococcus  pyogenes,  209 

tests,  technique  of,  194 
Haemolytic  serum,  171 
Hsemopericardium,  518 
Hsemophagocjrtosis,  195 
Haemophilia,  22 
Haem-opsonins,  184 


Haemoptysis,  21 
Haemorrhage,  20 

by  diapedesis,  20 

rhexis,  20 
capillary,  935 
forms  of,  21 
in  new-bom,  22 
organs  (see  various  organs) 
intermeningeal,  913 
spontaneous,  in  spinal  cord,  938 
Haemorrhagic  diathesis,  22 
infarction,  21 
septicaemia,  289 
Haemorrhoids,  684 
urethral,  792 
vesical,  783 
Haemosiderin,  53,  457 
Haemosporidia,  121 
of  malaria,  312 
Haemothorax,  637 
Haemotoxins,  171 

HaffkinCf     preventive     inoculation      in 
cholera,  250 
in  plague,  289 
Hair  ball  in  stomach,  667 
Hcdberstadter     and    v.     Prowazek,     on 

trachoma,  ref.,  307 
Haldane  and  Smith,  on  determination  of 

amount  of  blood  in  body,  ref.,  455 
Hall,    on   lesions   of   bronchial    lymph- 
nodes,  ref.,  592 
Halliburton,  on  bacterial  products,  ref., 

152 
Hamburger,   on  sporotrichosis,   ref.,   149 
Hamilton,  on  rupture  of  heart,  ref.,  527 
Hamilton  and  Horton,  on  pseudo-diph- 
theria bacilli,  ref.,  285 
Hammar,  on  accessory  lung,  ref.,  593 
Hand,  on  tuberculosis  of  lymph-nodes, 

ref.,  592 
Handmann,    on    weight    of    brain,    ref., 

993 
Hanging,  death  from,  443 
V.    Hanaemann,    on    acute   diverticulitis 
ref.,  668;  on  atypical  mitosis  in  tumors, 
350 
Hap  tines,  ref.,  168 
Haptophorous  group,  167 
Harbiiz,  on  lesions  of  bronchial  lymph- 
nodes,    ref.,   592;    on  tuberculosis  of 
lymph-nodes,  ref.,  487;  on  tuberculosis 
of  lymph-nodes,  ref.,  265 
Hardening  of  tissues,  1029 
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Hare^  on  medical  complications  of  typhoid 
fever,  ref.,  244;  on  tumors  of  medias- 
tinum, ref.,  636 
Harelip,  321 

HarriSf  on  cysts  of  ureter,  ref .,  774 
Harrison,  on  cultivation  of  tissues,  ref.,  80 
HcLsen/eldf  on  hypertrophy  of  heart,  ref., 

554 
Hasslauer,  on  bacteria  of  nose,  ref.,  580 
HastingSy  Halpin,  and  Beach,  on  avian 

tuberculosis,   ref.,   260 
Hauser,  on  fibrin  formation,  ref.,  86 
Hay  bacillus,  267 

fever,  ref.,  580 
Hay  em's  solution,  467 
Haythom,  on  pulmonary  anthracosis,  ref., 
616;  on  tuberculosis  of  aorta,  ref.,  567 
Head,  examination,  post-mortem,  of,  991 
Healing  by  first  intention,  82 
second  intention,  94 
of  wounds,  91 
Heart,  522 

hypertrophy  of,  61 
abnormalities  of,  522,  525 
abscess  of,  539 
action,  irregular,  550 
aneurism  of,  529 

dissecting  of,  ref.,  570 
anomalies  of,  522 
aorta,  insufficiency  and  stenosis  of, 

552 
atrophy  of,  528 
bacteria  in,  539 
beat,  cause  of,  549 
block,  549 
calcification  of,  535 
chordse  tendinese,  abnormal,  of,  525 
circulation,  interference  with,  550 
clots,  531,  1005 
degeneration  of,  533 
dilatation  of,  528,  550,  555 
displacements  of,  526 
embolism  of,  538 

endocardium,  degeneration  of,  535 
inflammation  of  (see  Endocar- 
ditis), 542 
examination,  post-mortem  of,  1004, 

1025 
His  bundle,  550 
hyperplasia,  fibrous,  of,  541 

replacement,  of,  540 
hjrpertrophy  of,  550,  554,  555 
hypoplasia  of,  439,  526 


Heart,  infarction  of,  31 

infiltration,  fatty,  of,  535 
inflammation  of,  538 
insufficiency  of,  553 
lesions  of,  in  typhoid  fever,  242 
malformations  of,  522 
malpositions  of,  525 
muscle,  fatty  degeneration  of,  534 
myocardium,  segmentation  and  frag- 
mentation of,  536 
parasites  in,  556 

pericardial  lesions  (see  Pericardium) 
pigment  in,  529 
polypi,  531 
position  of,  1004 
preservation  of,  1009 
relation  of,  to  circulation  of  blood, 

15 
reptilian,  523 
ruptures  of,  526 
septa,  abnormal,  525 
size  of,  1004 
stenosis  of,  553 
Stokes-Adams'  disease,  549 
sudden  death  in  lesions  of,  ref.,  528 
syphilis  of,  542 
thrombosis  of,  531,  537 
tuberculosis  of,  542,  548 
tumors  of,  522,  556 
valves,  aneurism  of,  530 

aortic,  insufficiency  of,  552 

stenosis  of,  552 
changes  in,  15,  555 
insufficiency  of,  552 
lesions  of,  529,  552 
mitral,  insufficiency  of,  553 

stenosis  of,  553 
pulmonary,  lesions  of,  553 
stenosis  of,  552 
tricuspid,  lesions  of,  553 
vegetations,  531 
ventricles,  hypertrophy  of,  552 
left,  hypertrophy  of,  554,  555 
right,  hypertrophy  of,  554,  555 
weight  of,  1008 
wounds  of,  526 
Heat,  damage  from,  9 

exhaustion,  437 
Heazlitt,  on  hair-balls  in  stomach  and 

intestine,  ref.,  667 
Hedrtre,  on  mixed  tumors  of  kidney,  ref^ 

776 
Heidenhain's  iron  haematoxylin,  1035 
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Heinz^  on  inflammation,  ref.,  110;  on 
origin  of  fibrin,  ref.,  637;  on  phagocytic 
power  of  liver  endothelium,  ref.,  721; 
on  physiology  of  blood-vessels,  ref., 
564:  on  physiology  of  heart,  ref.,  550; 
on  physiology  of  lungs,  ref.,  603 
HektoeUf  on  aortic  aneurism,  ref.,  570;  on 
cardiac  anomalies,  ref.,  524;  on  changes 
in  myocardium,  ref.,  536;  on  endar- 
teritis in  tuberculosis,  ref.,  559;  on 
giant  cells,  ref.,  103;  on  infectious 
diseases  of  imknown  origin,  ref.,  319; 
on  inoculation  of  measles,  ref.,  310;  on 
opsonins,  185;  on  phagocytosis  and 
opsonins,  ref.,  187;  on  phagocytosis 
of  anthrax  bacilli,  ref.,  230;  on  pneu- 
monia, ref.,  220;  on  yeasts  and  moulds 
in  disease,  ref.,  149 
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Hepatolytic  serum,  174 
Heppner,  on  hermaphroditism,  ref.,  853 
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crural,  of  uterus,  802 


Hernia,  inguinal,  802 
ischiatic,  802 
of  brain,  928 

intestine,  670 
uterus,  802 
vagina,  795 
ventral,  of  uterus,  802 
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ref.,  648 

Hoffmann^  on  carbonic  oxide  poisoning, 
425;  on  dusty  trades  and  consump- 
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Hookworm,  128 
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Huguenin,  on  bacteria  in  smallpox,  ref., 
304 

Hurdon,  on  endothelioma  of  cervix  uteri, 
ref.,  813 

Hutchinson,  on  vulnerability  of  apex  of 
lung,  ref.,  631 

Hutyra,  on  haemorrhagic  septicemia,  ref., 
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substances,  47 

technique  of  staining,  48 
Hydatids,  124 

of  liver,  738 
Hydraemia,  454 
Hydrarthrosis,  23 
Hydrencephalocele,  928 
Hydrocele,  23,  856 
Hydrocephalus,  22,  924,  925 

acute,  918 

chronic,  925 

congenital,  925 

externus,  928 

intemus,  927 

method  of  removing  brain  in,  1024 

primary,  926 

secondary,  926 
Hydrochloric  acid,  418 
Hydrocyanic  acid  poisoning,  422 
Hydromeningocele,  928 
Hydrometra,  799 
Hydromyelia,  929 
Hydronephrosis,  772 
Hydropericardium,  22,  518 
Hydroperitoneum,  23 
Hydrophobia,  294 

animal  inoculations  in,  295 

diagnosis  of,  298 

excitants  of,  295 

immunization,  artificial,  in,  ref.,  304 

Negri  bodies  in,  295 

Pasteur  method  in,  297 

preventive  inoculation  in,  297 

virus  of,  295 
Hydropneumothrax,  637 
Hydropic  degeneration,  44 
Hydrops  cystidis  fellese,  743 
Hydrorrhachis,  929 
Hydrosalpinx,  838 
Hydrostatic  test,  1025 
Hydrothorax,  22,  636 
Hymen,  anomalies  of,  793 
Hyperaemia,  16 

active,  16 

of  bladder,  urinary,  783 
bone,  877 
brain,  934 
kidney,  748 
liver,  709 
lung,  593 

pia  mater  cerebralis,  913 
spleen,  502 
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Hyperaemia  of  thyroid,  512 
uterus,  802 
vulva,  793 
passive,  16 
Hypernephroma,  777 

of  liver,  735 
Hyperostosis,  900 
Hyperplasia,  61 

cystic,  of  mamma,  845 
fibrous,  of  heart,  541 
glandular,  of  endometrium,  805 
nodular,  of  intestine,  ref .,  672,  679 
of  fibrous  tissue,  96 
liver,  734 
lymph-nodes,  488 
neuroglia,  951 
spleen,  504,  508 
thyroid,  513 
replacement,  61,  96 
of  heart,  540 
muscle,  874 
Hypersusceptibility,  190 
Hypertrophy,  61 

compensatory,  61,  62 
Hypertrophy,  compensatory,  of  heart,  555 
functional,  61 
numerical,  61 
of  brain.  931 

heart,  61,  550 
kidney,  62,  747 
liver,  62 
mamma,  847 
muscle,  62,  871 
pineal  gland,  980 
prostate,  863 
thymus,  511 
tongue,  646 
tonsil,  649 
pseudo-,  61 
simple,  61 
Hyphffi,  147 

Hyphomycetes,  133,  147 
Hypoleucoc5rtosis,  463,  464 
Hypophysis  cerebri,  980 
in  acromegalia,  438 
tumors  of,  980 
Hypoplasia,  321 
Hypospadias,  324,  853 
Hypostasis,  post-mortem,  987 

Ice-cream  poisoning,  425 
Ichorsemia,  ref.,  204 
Ichthyosis,  644 
68 


Icterus,  13,  54 

gravis,  716 
Ileo-csecal  tuberculosis,  hyperplastic.  682 
Immune  body,  172 

substance,  170,  172 
Immunity,  160 

acquired,  161,  162 
to  streptococcus,  211 
tumors,  356 
active,  162 

anti-bacterial,  162,  169 
anti-microbic,  162,  169 
anti-toxic,  162,  163 
bactericidal,  162,  169 
bacteriolytic,  162,  169 
bibliography  of,  196 
definition  of,  160 
Ehrlich's  hypothesis  of,  165 
hereditary,  161 
natural,  161 

nature  and  forms  of,  160 
passive,  163 
Immunization,  artificial,  161,  162 

artificial,  specific  characters  of,  193 
natural,  161 

of  animals  to  alien  substances,  195 
processes  involved  in,  193 
Incubation  period  of  infection,  156 
Index,  hsemoglobin,  474 

opsonic,  187,  220 
India  ink  stain  for  Treponema  pallidum. 

277 
Infantile  paralysis,  299 
Infarction,  29 

hemorrhagic,  21 
of  heart,  31 

intestine,  31,  671 
kidney,  31,  748 
liver,  30,  711,  712 
lung,  30,  596 
muscle,  873 
placenta,  823 
spleen,  31,  502 
Infarcts,  29 

absorption  of,  autolytic  processes  in, 

ref.,  30 
antemic,  30 
hemorrhagic,  29 
location  of,  30 
white,  30 
Infection  and  immunity,  156 
communicability  of,  158 
concurrent,  157 
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Infection    and   immunity ,   condition  of 
body  in,  155 

of  micro-organisms  in,  155 
congenital,  157 
definition  of,  156,  160 
foetal,  157 
forms  of,  157 
hemorrhagic,  ref.,  439 
incubation  period  in,  156 
latent,  ref.,  151 
mixed,  157 
predisposition  to,  155 
proofs  of,  154 
purulent,  ref.,  204 
spleen  in,  ref.,  152 
sub-,  ref.,  151 
terminal,  157 
theory  of,  ref.,  153 
through  granulation  tissue,  ref.,  152 
wound,    experimental    studies    on, 
ref.,  152 
Infectious  diseases,  156,  197 
bibliography  of,  319 
classification  of,  197 
communicability  of,  158 
conditions   influencing  occur- 
rence of,  155 
definition  of,  156,  159 
general  considerations,  197 
of  animals,  319 

unknown  origin,  318 
protozoa  in,  317 
Infectious  granulomata,  ref.,  251, 348, 361 
Infiltration,  calcareous,  50 
fatty,  40,  43 

of  adrenals,  515 
heart,  535 
muscle,  871 
pancreas,  703 
glycogen,  44 
hydropic,  of  muscle,  871 
purulent,  90 
serous,  45 

of  muscle,  872 
Inflammation,  81 
bacteria  in,  152 
cardinal  symptoms  of,  87 
catarrhal,  97 
characterization  of,  110 
degeneration  in,  97 
experimental  study  of,  110 
exudative,  87,  89 

practical  study  of,  111 


Inflammation,  fibrinous,  97 

general  survey  of,  107 

hemorrhagic,  97 

in  non-vascular  tissue,  82 
•    in  organs  (see  various  organs). 

in  vascular  tissue,  83 

mterstitial,  96,  98 

micro-organ  isms  in,  88 

muco-purulent,  97 

mucous,  97 

necrotic,  97 

parenchymatous,  98 

phlegmonous,  200 

practical  study  of.  111 

productive,  97 

pseudo-membranous,  97 

purulent,  97 

reparative,  97 

resolution  in,  90 

resorption  in,  experimental  study  of, 
110 

scrofulous,  487 

sero-purulent,  97 

serous,  97 

significance  of,  107 

special  phases  of,  97 

suppurative,  97,  198 

tuberculous,  251 

dififuse,  252,  255 
Influenza,  233 

bacillus,  233 
Infusoria,  115,  120 
Insects  as  carriers  of  disease,  151 
of  plague,  ref.,  151 
method  of  study  of,  132 
Insolation,  437 
Intermediary  body,  177 
Internal  secretions,  427 
Interstitial  inflanunation,  96 
Intestine,  667 

absorption  in,  ref.,  681 

actinomycosis  of,  691 

amoebae  in,  676 

anthrax  in,  691 

bacteria  in,  678,  811 

cloacse,  668 

concretions  in,  690 

cysts  of,  690 

degeneration  of,  671 

dilatation  of,  671 

diverticula  of,  667 

dysentery,  675 

embolism  of,  671 
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Intestine,  examination,  post-mortem  of, 
1002,  1014,  1026 

hsemorrhage  in,  671 

hernia  of,  670 

hyperaemia  of,  671 

hyperplasia  of,  in  typhoid  fever,  235 
nodular,  672,  679 

incarceration  of,  668 

infarction  of,  31,  671 

inflammation  of  (see  Enteritis  and 
Colitis),  672,  675,  682,  683 

intussusception  of,  669 

invagination  of,  669 

lesions  of,  in  Asiatic  cholera,  248 
in  typhoid  fever,  235,  242 

malformations  of,  667 

malpositions  of,  667 

mycosis  of,  691 

parasites  in,  691 

permeability  of  wall  of,  for  bacteria, 
ref.,  681 

polyps  of,  688 

preservation  of,  1015 

ruptures  of,  671 

strictures  of,  671 

syphilis  of,  674,  683 

transposition  of,  667 

tuberculosis  of,  673,  682 

tumors  of,  688 

ulcers  of,  674,  675,  681,  682 

volvulus  of,  668 

wounds  of,  671 
Intoxication,  auto-,  153 

septic,  153,  156 
Intussusception  of  intestine,  669 
Inversio  vesicae,  324 
Involution  forms  of  bacteria,  134 
lodin  test  for  amyloid,  1012 
IpseUf  on  hypernephroma,  ref.,  777;  on 

intestinal  tuberculosis,  ref.,  674 
Iron  hematoxylin  solution,  1035 

"masked,"  ref.,  53 

reactions  for,  ref.,  53 
IroTis  and  Graham^  on  blastomycosis,  ref. 

146 
"Irritation  forms"  of  leucocytes,  462 
Ischsemia,  19 
Ischiopagus,  330 
Isolysins,  176 
Itch  insect,  131 

Jackson,  Porter  and  Quinhy,  on  throm- 
bosis of  mesenteric  veins,  ref.,  671 
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Jaeger,  on  cerebro-spinal  meningitis,  225 

Jail  fever,  300 

Jalap  poisoning,  422 

James,  on  lesions  of  stomach  as  portals 
of  entry  for  bacteria,  ref.,  659;  on 
pneumopericardium,  ref.,  518 

Jamin  and  Merkel,  in  coronary  arteries, 
ref.,  537 

Janeway,  T.  C,  on  hypertrophic  pul- 
monary arthropathy,  ref.,  438 

Janiceps,  330 

Janowski,  on  suppurative  inflammation, 
ref.,  202 

Janus,  330 

Jaimdice  (see  Icterus),  13,  54 

Jaw,  malformations  of,  643 

Jaworski  and  Korolewicz,  on  occult  haem- 
orrhage in  gastro-intestinal  canal, 
ref.,  655 
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Jelliffe  and  Larkin,  on  malignant  chor- 
doma, ref.,  385 

JeUinek,  on  myeloma,  ref.,  902 

Jenner,  vaccination  in  smallpox,  304 

Jenner  stain  for  blood,  468 
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Jochmann,  on  bacterisemia  in  pulmonary 
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apy in  meningitis,  ref.,  226 

Joints,  903 

cartilage,  loose,  in,  907 

degeneration  of,  903 

false,  878 

inflammation  of  (see  Arthritis),  903 

tuberculosis  of,  906 

tumors  of,  906 

Jopson  and  White,  on  sarcoma  of  large 
intestine,  ref.,  690 

Jordan,  on  acute  osteomyelitis,  ref.,  887 

Jordan,  Russell,  and  Zeit,  on  typhoid 
bacillus  in  water,  ref.,  245 

J  ores,  on  arterio-sclerosis,  ref.,  561 
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infection,  ref.,  152 

V,  Kahiden,  on  cysts  of  ovary,  ref.,  836 

on  periarteritis  nodosa,  ref.,  566 
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Karsner  and  Ash,  on  experimental   in- 
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Karyolysis,  57 
Karyomitosis,  67 
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Kedrowsky,  on  emphysematous  cystitis, 

ref.,  786 
Keen,  on  surgical  complications  of  ty- 
phoid fever,  ref.,  244 
Keen  and  Funke,  on  carotid  tumors,  ref., 
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dix, ref.,  688 
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ref.,  606 
Keyes,  on  snake  poisons,  ref.,  424 
Kidney,  746 

abscess  of,  754 
absence  of,  746 
albuminuria,  749 
anaemia  of,  748 

arterio-sclerosis,  relation  of,  769 
atrophied,  766 
bacteria  in,  755,  761 
calcification  of,  750,  753 


Kidney,  calculi  of,  774 

casts  in,  749 

congestion  of,  748 

cysts  of,  772 

degeneration  of,  751 

dilatation  of,  772 

embolism  of,  748 

examination,  post-mortem  of,  1011, 
1026 

excretion  of  bacteria  by,  755 
pigment  by,  755 

glomeruli,  alterations  in,  756 

granular,  766 

horseshoe,  325,  746 

hyaline  casts  in,  749 

hydronephrosis,  772 

hyperaemia  of,  748 

hypertrophy  of,  62  747 

infarction  of,  31,  748 

infection,  ascending,  of,  755 
embolic,  of,  754 
of,  after  injury,  ref.,  152 

inflammation   of    (see    Nephritis), 
753 

lesions  of,  in  malaria,  311 

sublimate  poisoning,  51,  750, 

753 
t3rphoid  fever,  243 

lobulation,  foetal,  of,  747 

lobulated,  326 

malarial  parasites  in,  761 

malformations  of,  746 

malpositions  of,  747 

movable,  747 

necrosis  of,  750 

parasites  in,  781 

pelvis,  lesions  of,  771 

perinephritic  suppuration,  772 

preservation  of,  1013 

red,  large,  761 

regeneration  of,  72,  ref.,  748 

surgical,  755 

syphilis  of,  770 

thrombosis  of,  748 

tuberculosis  of,  769 

tubules,  lesions  of,  757 

tumors  of,  776 

wandering,  747 

weight  of,  1012,  1026 

white,  large,  765 
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Koch- Weeks  bacillus,  234 

Kolisko,  on  blood  supply  of  basal  gan- 
glia, ref.,  425 

KoUe,  on  specificity  of  infectious  agents, 
ref.,   165 

KoUe  and  Hetsch,  on  animal  inoculations 
in  hydrophobia,  ref.,  295;  on  experi- 
mental bacteriology,  196;  on  tubercu- 
losis, 268 

KoUe  and  Schurmann,  on  cholera  spiril- 
lum, ref.,  249 

KoUe  and  Wassermann,  on  immunity,  196; 
on  serum  therapy  in  meningitis,  ref., 
226 

Kolmer,  on  B.  diphtheris,  ref.,  285 

Kossd,  on  Texas  fever,  122 

KoUaTf  on  cardiac  thrombi,  ref.,  532 

Koplik  and  Van  ArsdaU,  on  acute  osteo- 
myelitis in  childhood,  ref.,  887 

Kraus,  on  regeneration  of  fat  tissue,  ref., 
77 

Kraus  and  LevadUiy  on  immunity,  ref., 
165 


Krehl,  on  fever,  ref.,  439,  on  heart  lesions 

ref.,  553 
Krompecher,  on  basal-celled  carcinoma,. 

ref.,  410;  on  epithelium  and  endothe- 
lium, ref.,  396 
Krumxviede  and  PraU,  on  fusiform  bacilli, 

ref.,  293 
Kruse  and  Pasquale,  on  abscess  erf  liver, 

ref.,  724;  on  necrotic  colitis,  ref.,  681 
KuhnaUf  on  bacteriology  of  blood,  ref., 

470 
KulhlCf  on  bacteria  in  lymph-nodes,  ref., 

481 
Kunkelj  on  poisons,  425 
Kvischer,  on  B.  typhosus,  247 


Labia,  lesions  of,  793,  794 

Lachner-Sandoval,  on  ray  fimgi,  ref.,  232 

La  grippe,  233 

Lamar  and  MeUzcTj  on  experimental  pneu- 
monia, ref.,  614 

Lambert,  on  sunstroke,  ref.,  437 

Lambert,  R.  A.,  on  cultivation  of  tissues, 
ref.,  80 

Lamy  and  Mayer,  on  renal  secretions, 
ref.,  748 

Lando,  on  pancreas  lesions  in  hepatic 
cirrhosis,  ref.,  728 

Landsteiner,    on   sweat-gland    adenoma, 
ref.,  399 

Landsteiner  and  Stoerk,   on   cystitis  en 
plaque,  ref.,  785 

Landry's  paralysis,  969 

Lang  and  UUmann,  on  syphilis,  ref.,  274 

Lang's  solution,  formula  for,  1030 

Langerhans,  islands  of,  degeneration  of, 
703 

development  of,  ref.,  704 
hypertrophy  of,  ref.,  704 

Langhans'  cells,  820 

Langmann,  on    hsmosporidia,    121;    on 
snake  poisons,  ref.,  424 

Lam  and  Tavel,  on  appendicitis,  ref.,  688 

Lardaceous  degeneration,  48 

Larkin,  on  multiple  neuroma,  ref.,  393 

Larson  and  Barron,  on  fusiform  bacilli, 
ref.,  293 

Lartigau,  on  atypical  typhoid,  ref.,  243 
on   gonorrheal  endocarditis,  ref.,  545 
on    ileocsecal    tuberculosis,   ref.,   683 
on  M.  tetragenus,  216;  on  pulmonary 
complications  in  typhoid   fever,   ref., 
243;  on  tuberculosis,  268 
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Larttgau  and  NicoU,   on   adenoids,  ref., 
581;  on  tuberculosis  of  tonsil,  ref.,  650 
Laryngitis,  acute  catarrhal,  582 

chronic  catarrhal,  583 

croupous,  583 

phlegmonous,  584 

pseudo-membranous,  583 

syphilitic,  584 

tuberculous,  584 
Larynx,  581 

amyloid  masses  in,  586 

cysts  of,  585 

examination,  post-mortem,  of,  1010, 
1025 

foreign  bodies  in,  442 

haemorrhage  from,  582 

inflammation  of    (see    Laryngitis), 
582 

malformations  of,  581 

oedema  of,  582 

preservation  of,  1011 

syphilis  of,  584 

tuberculosis  of,  584 

tumors  of,  585 
LasiOf  on  regeneration  of  mucous  mem- 
brane of  bladder,  ref.,  785;  on  repair 
of  bladder  mucosa,  ref.,  71 
LavensoTir  on  pernicious  anaemia,  ref.,  475 
iMwen,  on  sarcoma  of  uterus,  ref.,  813 
Lead  poisoning,  421 

LeComtCf  on  adenoma  of  pancreas,  ref.,  704 
Le  Count f  on  lymphoma,  ref.,  497 
Ledinghanij  on  typhoid  carriers,  ref.,  245 
LeCf  on  technique,  ref.,  1027 
LeerSy  on  precipitin  test,  ref.,  182,  194 
Legryy  on  lung  stones,  ref.,  639 
Lehndorffy  on  chloroma,  ref.,  376,  479 
Leiomyoma,  388 

of  oesophagus,  653 
ovary,  829 
veins,  575 
Leiskmany  on  opsonins,  183 
Leishman-Donovan  bodies,  119 
Leishmania  donovani,  480 

infantum,  480 
Leiih,  on  phlegmonous  gastritis,  ref.,  659 
LentZy  on  dysentery,  ref.,  678 
Leonhardty  on  myxoma  of  heart,  ref.,  556 
Leopold  and  Leviy  on  moulds,  ref.,  147 
Lepra,  269 

ansesthetica,  976 

bacilli,  269 
Leprosy,  269 


Leprosy  of  nervous  system,  976 

orchitis  in,  860 
Leptomeningitis,  914 
Leptothrix,  136,  232 

in  vagina,  797 
Lesser y  on  action  of  poisons,  425 
Leucocyte  extract,  188 
Leucocytes,  459 
abnormal,  461 
amitosis  in,  68 
as  phagoc3rte8,   100,   104,   108,    161, 

178,  463 
as  pus  cells,  201 
basophile,  461 
classification  of,  459 
degenerative  changes  in,  464 
development  of,  77 
emigration  of,  83 
eosinophile,  461 
ferments  of,  87,  475 
formation  of,  77 
in  abscess,  89 

cytoljrsis,  178 
exudates,  108 
inflammation,  108 
leuksemia,  475 
malaria,  310 
pus,  201 

suppuration,  198 
irritation  forms,  462 
lymphocytes,  459 

large,  462 
method  of  securing,  195 
mononuclear,  large,  459 
myeloblasts,  462 
myelocjrtes,  461 
normal,  459 
plasma  cells,  462 
pol)muclear  neutrophile,  461 
proportions  of,  in  normal  blood,  461 
regeneration  of,  77 
transitional,  459 
Leucocythffimia,  475 
Leucoc)rtolysis,  465 
Leucoc3rtosis,  462 
cachetic,  464 
Leucocytosis,  hypo-,  463,  464 

in  acute  lobar  pneumonia,  220 
in  infection,  463 
mixed,  462 

polynuclear  eosinophile,  464 
pathological,  463 
polynuclear,  physiological,  463 
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Leucolysis,  179 
Leucolytic  serum,  174 
Leucomains,  ref.,  139 
Leucoplakia  buccalis,  644 
Leuco-pro  tease,  105 
Leuksmia,  475 

bone  marrow  in,  897 
in  x-ray  workers,  11 
liver  lesions  in,  734 
lymph-node  lesions  in,  475 
l3rmphatic,  acute,  475 

chronic,  475 
myelogenous,  acute,  476 

chronic,  477 
pseudo-,  489 
spleen  in,  509 
Levadiii  on  silver  impregnation  method, 

ref.,  276 
Levadiii    and    Rochij   on  syphilis,    ref., 

275 
Levene,  on  autolysis,  ref.,  107 
Levnrif  on  toxicology,  426 
Lewis,  on  acromegalia,  ref.,  439;  on  types 

of  B.  tuberculosis,  ref.,  266 
Lewis y  on  disorders  of  the  heart  beat,  ref., 

550 
Lewis  and  RosenoWf  on  portal  thrombosis, 

ref.,  712 
Lihman,  on  bacteria  in  blood,  ref.,  547;  on 
paratyphoid,  ref.,  247;  on  sarcoma  of 
small  intestine,  ref.,  690 
Lice  as  agents  of  infection  in  Mexican 

typhus,  301 
Lie/manny  on  hay  fever,  ref.,  580 
Life,  chemistry  of,  3 
Lightning,  death  from,  10 
Linckf  on  chordoma,  ref.,  385 
V,  Lingelsheimj  on  dysentery,  ref.,  678; 
on  streptococci,  ref.,  211;  on  tetanus, 
ref.,  287 
Lip,  hare,  321,  643 
Lipsemia,  469 
Lipoid  degeneration,   43 
Lipoma,  382 
angio-,  382 
arborescens,  907 
molle,  382 

of  appendix  vermiformis,  690 
bone,  901 
brain,  976 
bronchi,  587 

dura  mater  cerebralis,  911 
spinalis,  922 


Lipoma  of  ependyma,  927 

Fallopian  tubes,  841 
heart,  556 
intestine,  688 
joints,  907 
kidney,  776 
larynx,  585 
liver,  735 
mamma,  848 
mouth,  645 
muscle,  875 
oesophagus,  653 
penis,  855 
pericardiimi,  522 
peritoneum,  696 
pia  mater  cerebralis,  920 
scrotum,  855 
stomach,  662 
testicle,  860 
tongue,  646 
uterus,  813 
vulva,  795 
Lipomatosis,  43 
Liposis,  43 
Lipo-sarcoma,  376 
Lissauer,   on   experimental    cirrhosis   of 

liver,  ref.,  730 
Litjsauer,  zone  of,  degeneration  of,  958 
Lithopedion,  842 

LitUef  on  B.  aSrogenes  capsulatus  in  puer- 
peral infections,  ref.,  290 
Liver,  708 

abscess  of,  722 
amoebic,  723 
bacteria  in,  723 
metastatic,  724 
multiple,  724 
tropical,  722 
absence  of,  708 
accessory,  708 
adrenal  tissue  in,  515,  736 
agglutinative  thrombi  in,  715 
anfiemia  of,  709 
atrophy  of,  714 

acute  yellow,  716 

experimental,  718 
biliary  passages,  lesions  of  (see  Gall- 
ducts),  740 
bronze,  722 
calcification  of,  722 
capsule,  inflammation  of,  734 
chloroform,  effect  of,  on,  716 
cirrhosis  of,  725 
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Liver,  cirrhosis  of,  anthracotic,  730 

ascites  in,  728 

associated  lesions  in,  727 

atrophic,  726 

biliary,  729 

congenital,  729 

experimental,  730 

hypertrophic,  728 

nature  of,  730 

portal  circulation  in,  727 
congestion  of,  710,  748 
cysts  of,  737 
cytolysis  in,  715 
degeneration  of,  716 
displacements  of,  708 
examination,  post-mortem,  of,  1002, 

1016,  1026 
fluke,  575 
foamy,  738 

focal  necrosis  of,  241,  714 
gall-ducts,    lesions    of    (see    Gall- 
bladder and  -ducts),  740 
gall-ducts,  new-formed,  in  cirrhosis, 

727 
gas  in,  738 
gumma  in,  731 
hemorrhage  in,  709 
hobnail,  725 
hydatids  of,  738 
hypereemia  of,  709 
hyperplasia  of  lymphatic  tissue  in, 

734 
hypertrophy  of,  62 
infarction  of,  30,  711,  712 
infiltration,  fatty,  of,  719 
inflammation  of  (see  Hepatitis),  722 
jaundice  with  necrosis  of,  715 
lesions  of,  in  eclampsia,  716,  718 

in  malaria,  311,  721 
lesions  of,  in  typhoid  fever,  241 
in  yellow  fever,  302 
malformations  of,  708 
malpositions  of,  708 
metabolism,  disturbances  of,  718 
movable,  708 
necrosis  of,  714 
nutmeg,  710 
parasites  of,  738 
perihepatitis,  733,  734 
pigmentation  of,  714,  721,  730 
preservation  of,  1017 
regeneration  of,  72,  ref.,  717 
reversion  of  cells,  in  cirrhosis,  727 


Liver,  rupture  of,  709 
size  of,  1016 

changes  in,  708,  1016,  1026 
syphilis  of,  730 
thrombosis  of,  711,  714,  715 
tubercles,  solitary,  of,  733 
tuberculosis  of,  731 
tumors  of,  734 
vessels,  lesions  of,  711 
weight  of,  1016,  1026 
wounds  of,  708 
Lividity,  cadaveric,  986 
Livingood,  on  sarcoma  of  oesophagus,  ref., 

653 
Lobelia  poisoning,  425 
LochtCf  on  hyperplasia  of  spleen,  ref.,  511 
Locke,    on    visceral    changes    following 

bums,  ref.,  10 
Lockjaw  (see  Tetanus),  286 
Locomotor  ataxia,  957 
Loebf  on  artificial  parthenogenesis,  ref.,  79 
Loeb,  Leo,  on  corpus  luteum  secretion, 
ref.,  822;  on  mixed  tumors  of  thyroid, 
ref.,  514 
Loffler,  diphtheria  bacillus  of,  283 
LoflSer's  stain  for  bacteria,  145 
Ldhlein,  on  opsonins,  ref.,  184 
LohrUch,  on  mediastinum,  ref.,  636 
Lommel,  on  ciliated  epithelium  of  res- 
piratory organs,  ref.,  587 
Longcope,  on  bone-marrow  in  infections, 
ref.,    243;    on  Hodgkin's  disease,  ref., 
495;  on  reduction  of  complement,  192 
on  relation  of  cirrhosis  to  chronic  pro- 
tein intoxication,  ref.,  730;  on  S3rphilitic 
aortitis,   ref.,   567 
Longcope  and  Donhauser,  on  lymphatic 

leukemia,  462 
Lonicer,  on  congenital  syphilis,  ref.,  731 
Loomis,  on  gumma  of  heart,  ref.,  542 
Lord,  on  B.  influensB,  ref.,  234 
Lossen,  on  exudative  peritonitis ,  ref.,  693 

on  splenic  anaemia,  ref.,  479 
Lothrop  and  Pratt,  on  filaria,  ref.,  131 
Louse,  131 

Low,  on  appendicitis,  ref.,  688 
Lotoit,  on  hypoleucocytosis,  ref.,  464 
Lubarsch  on  B.  tuberculosis,  ref.,  257;  on 
bone  in  tonsils,  ref.,  649:  on  emboli, 
29;  on  endothelioma,  ref.,  380;  on  foetal 
infection,  ref.,  158;  on  portal  of  entry 
of  B.  tuberculosis,  ref.,  264;  on  tumors, 
416 
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Lubarsch's  grouping  of  tumors,  359 
Lucas  J  on  polycythflemia,  ref.,  455 
Lucas     and     PrtMer,     on     experimental 

measles  in  monkeys,  ref.,  310 
Ludke,  on  tubercle  bacilli  in  blood,  ref., 

618 
Luetin    test,    281 
LufiCj  on  malaria,  ref.,  316 
Lungs,  593 

abscess  of,  611 

absence  of,  593 

accessory,  593 

actinomyces  in,  612 

anffimia  of,  593 

anthracosis  of,  601,  616 

apical  vulnerability  of,  ref.,  631 

atelectasis  of,  596 

autolysis  in  exudates,  606 

B.  diphtheriffi  in,  284 

bacteria  in,  601,  614 

broncho-pneimionia,  608 

brown  induration  of,  594 

calcification  in,  639 

"  camified,"  597 

cavity  formation  in,  628 

chalicosis  of,  616 

circulation  in,  study  of,  113 

circulatory  changes  in,  593,  595 

congestion  of,  593,  594 

cysts  of,  635 

dust  particles  in,  600 

embolism  of,  34,  595,  596 

emphysema  of,  597 

epithelium,    inflammation    of,    601, 
615 

examination,  post-mortem,  of,  1009, 
1025 

exudation  in  ,601,  605 

gangrene  of,  599 

haemorrhage  of,  595 

hepatization  of,  604,  605 

hypersemia  of,  593 

hypostatic  congestion  of,  612 

infarction  of,  30,  596 

inflammation  of   (see  Pneumonia) 
600 

injuries  of,  593 

lesions  of,  in  asphyxia,  442 
in  typhoid  fever,  243 

lobule,  ref.,  602 

lymph- vessels  of,  601 

malformations  of,  593 

oedema  of,  595 


Lungs,  perforation  of,  593 
phthisis,  627 

pigmentation  of,  601,  616 
pneumokoniosis,  616 
portal  of   entry  for   bacteria,   600; 
ref.,  614 
tubercle  bacilli,  618 
preservation  of,  1010 
reaction  of  tissue  in,  618 
resolution,  commencing,  in,  605 
siderosis  of,  616 
stones,  592;  ref.,  639 
streptothrix  in,  612 
structure  of,  600 
syphilis  of,  633 
thrombosis  of,  596 
transposition  of,  544 
tuberculosis    of    (see    Tuberculosis, 

pulmonary),  618 
tumors  of,  634 
Lupus,  267 
Luskf  on  metabolism  in  diabetes,  ref.,  435; 

on  nutrition,  ref.,  9 
Lymph,  transudation  of,  22 
Lymph-follicles,  481 
Lymph  formation,  ref.,  22 
Lymph-nodes,  481 
atrophy  of,  481 
bacteria  in,  ref.,  481 
bone  in,  487 

bronchial,   as  portals  of  entry  for 
bacteria,  592 
lesions  of,  592 
pigmentation  of,  592 
tubercle  bacilli  in,  592 
degeneration  of,  482 
general  characters  of,  481 
germicidal  action  of,  ref.,  151 
hffimo-,  498,  ref.,  499 
Hodgkin's  disease,  489 
hyperplasia  of,  488 
in  leukaemia,  475 
scrofula,  487 
status  lymphaticus,  440 
typhoid  fever,  240 
inflammation  of,  483 
mesenteric,  lesions    of,  in    typhoid 

fever,  240 
oedema  of,  482 
parasites  in,  498 
pigmentation  of,  483 
pseudo-leuksemia,  489 
regeneration  of,  76,  ref.,  486 
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Lymph-nodes,  scrofula  of,  487 

suppuration  of,  485 

syphilis  of,  488 

tracheal,  lesions  of,  592 

tuberculosis  of,  265,  486 

tumors  of,  498 
Lymph-nodules,  481 
Lymph-vessels,  576 

dilatation  of,  576 

formation  of,  76 

inflammation  of,  577 

of  nose,  ref.,  580 

syphilis  of,  577 

thrombosis  of,  28,  576 

tuberculosis  of,  577 

tumors  of,  577 
Lymphadenitis,  483 

tuberculous,  generalized,  488 
L3rmphangiectasis,  576 
Lymphangioma,  395,  576 

of  liver,  737 
Lymphangitis,  577 
Lymphatic  constitution,  439 

tissue  in  liver,  hyperplasia  of,  734 
Lympho-adenoma  of  mediastinum,  636 
Lympho-protease,  105 
Lympho-sarcoma   of   mediastinum,    636 
Lymphoc5rtes,  459 

large,  462 
Lymphocytoma,  370 
Lymphocytosis,  464 
Lymphoma,  361,  488,  495 

of  intestine,  688 
lung,  634 
mediastinum,  636 
Lymphorrhagia,  576 
Lymphosarcoma,  370 
Lynckj  on  congenital  infection,  ref.,  151 
LyoUy  on  lipomatosis,  ref.,  43 
Lytic  substances,  171,  174,  176 

MacCallumy  on  angioma  of  intestine,  ref., 
688;  on  changes  in  myocardium,  ref., 
536;  on  hsematozoan  infection  of  birds, 
315;  on  hypertrophy  of  islands  of  Lan- 
gerhans,  ref.,  704;  on  lesions  of  goitre, 
433;  on  metabolism  in  fever,  ref.,  441; 
on  phlegmonous  enteritis,  ref.,  673;  on 
regenerative  changes  in  liver,  ref.,  717 
on  reparative  phases  of  cirrhosis,  ref., 
730;  on  tumors  of  parathyroids,  ref.,  515 

MacCallum  and  Voegiliny  on  parathyroids 
514 


Mac4y  on  typhoid  bacilli,  ref.,  244 
Ma<fadyen  and  MacCankeyj  on  tubercle 
bacilli  in  mesenteric  l3rmph-node,  ref., 
674 
Machardf  on  perforation  of  gall-bladder, 

ref.,  740 
Mackenzie f  on  diseases  of  the  heart,  ref., 

550 
Macrocytase,  179 
Macrogametes,  314 
Macroglossia,  646 
Macrophages,  93,  104 
Maculse  tendins,  520 
MacWUliamSf  on  carcinoma  of  appendix 

vermiformis,  ref.,  690 
Madura  foot,  232 
Maladie  pyocyaniquCj  215 
Malakoplakie,  785 
Malaria,  310 

sstivo-autumnal  type,  313 
avian,  315 

bibliography  of,  ref.,  316 
blood,  lesions  of,  in,  310,  312 

methods  of  examination  of,  316 
chronic,  311 
excitant  of,  311 
hsematozoon  of,  312 
mosquitoes    as    intermediary    host, 

in,  313 
parasite  of,  311 

crescent  bodies  of,  313 
flagellate  bodies  of,  313 
pigmentation  of  liver  in,  721 
quartan  type,  312 
tertian  type,  312 
visceral  lesions  of,  310 
Malformations,  320 

involving  single  individuals,  321 
involving  two  individuals,  327 
Malignant  pustule,  228 
Mallein,  227 

MaUory,  on  congestion  of  liver,  ref.,  711; 
on    excitant    of    scarlet    fever,    307; 
myoglia  fibrils,  ref.,  389;  on  necrosis  of 
liver,  ref.,  715;  on  neuroglia  fibrils,  388; 
on  staining  amoebse,  ref.,  116 
Mallory  anilin-blue  stain,  1036 
MaUory    and     Horner^     on     whooping- 
cough,  ref.,  317 
MaUory  and  Wright^  on  staining  fat-acid, 

ref.,  44;  on  technique,  ref.,  1027 
Mallory  and  Wright  anilin  blue  stain, 
1036 
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Malta  fever,  287 
Mamma,  842 

abscess  of,  844 
absence  of,  842 
accessory,  842 
cysts  of,  852 
hsemorrhage  in,  842 
hyperplasia,  cystic,  of,  845 
hypertrophy  of,  847 
inflammation  of  (see  Mastitis),  843 
male,  lesions  of,  867 
malformations  of,  842 
nipple,  inflammation  of,  843 
regeneration  of,  72 
syphilis  of,  846 
tuberculosis  of,  845 
tumors  of,  847 
ulcers  of,  846 
Manasse,  on   amyloid  masses  in  larynx, 

ref.,  586 
MancUehaunij  on  primary  splenomegaly, 
ref.,  508;  on  teratoma  of  mediastinum, 
ref.,  636 
Manfredif  on  germicidal  action  of  lymph- 
nodes,  ref.,  151 
Mankowsktfj    on    preparation    of     brain 

sections,  ref.,  1039 
Mann,  on   melanin,  ref.,  55;  on  micro- 
chemical  reactions  for  iron,  ref.,  53 
Marchand,  on  classification  of  timiors, 
ref.,  357;  on  endothelioma,  ref.,  380; 
on  malformations,  ref.,  320;  on  tissue 
regeneration,  ref.,  77 
Marchif  on  degeneration  of  nerve  fibres, 

ref.,  954 
Marchi's  method  of  staining  nerve  fibres, 

981,  999 
Marchiafava  and  Bignamiy  on  malaria, 

314,  ref.,  316 
MarcuSy  on  entrance  of  bacteria  through 

intestine,  ref.,  694 
Marfan,  on  bronchial  lymph-nodes,  ref., 

592 
Margtdis,  on  hydrocephalus,  ref.,  925 
Marie,  on  spastic  paraplegia,  956 
Marine  and  Lenhart,  on  lesions  of  thy- 
roid, ref.,  433 
Marinesco,  on  chromatolysis,  950 
Marrow,  bone,  in  anaemia,  897 
leuksemia,  897 
malaria,  311 
pigmentation  of,  877 
Martius,  on  auto-intoxication,  ref.,  417 


Martin  and  Rennie,  on  cardiac  throm- 
bosis, ref.,  532 

Marx,  on  primary  sarcoma  of  liver,  ref., 
737 

Maschka,  on  poisons,  425 

Mastigophora,  115,  116 

Mastitis,  843 

acute  exudative,  843 
chronic,  845 
suppurative,  844 
tuberculous,  845 

Mayer,  on  trypanosomes,  118 

Maximow,  on  amyloid  degeneration,  ref., 
50 

McCamphdl,  on  Mexican  typhus,  301 

McCrae,  on  collodium  sacs,  ref.,  319; 
on  mycotic  aneurisms,  ref.,  567;  on 
visceral  charges  following  bums,  ref., 
10 

McCrae,  Fyshe  and  Ainley,  on  acute  lobar 
pneumonia,  ref.,  606 

McCrae  and  Kloiz,  on  fat  in  liver,  ref.,  720 

McFarland,  on  vaginitis,  796 

McNeal  and  Novy,  on  cultivation  of 
trypanosomes,  122 

McWeeny,  on  rupture  of  oesophagus,  ref., 
651 

"Measle,"  124 

Measles,  309 

inoculation  of,  310 

Meat  poisoning,  291 

Meckel's  diverticulum,  323,  667 

Mediastinitis,  636 

Mediastinum,  inflammation  of,  636 
tumors  of,  636 

Medico-legal  autopsies,  1022 

Megaloblasts,  459 

Megalocytes,  458 

Melansemia,  470 

Melanins,  55 

Melano-carcinoma,  415 

Melano-sarcoma,  370 

Melanuria,  55 

in  melano-sarcoma,  ref.,  372 

MeUzer,  on  functional  provision,  ref.,  69; 
on  oedema,  ref.,  22;  on  protection  of 
body  against  bacteria,  ref.,  151 ;  on  pul- 
monary oedema,  ref.,  595;  on  pyloric 
stenosis,  ref.,  655 

Membranes  and  ventricles  of  brain,  908 

Membranous  dysmenorrhoea,  804 

Mendelson,  on  apoplexy  of  thymus,  ref., 
511 
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MenetrieTy  on  epithelial  metaplasia,  ref., 

63 
Meningitis,  914 
acute,  914 
basilar,  917 
cellular,  acute,  914 
cerebro-spinal,  acute,  223 
epidemic,  223 
serum  therapy  in,  226 
chronic,  917 
exudative,  acute,  914 
relation  of  middle  ear  to,  ref.,  917 
spinal,  923 
syphilitic,  919 
tuberculous,  918,  923 
typhoid,  ref.,  243 
Meningocele,  324 
Meningococcus    (see  Diplococcus  intra- 

cellularis  meningitidis),  223,  225 
Merismopedia,  135 
Merkelf  on  angioma  of  liver,  ref.,  735 
Merkelf   on   bone  in  lymph-nodes,  r^., 

487 
Merozoites  in  malaria,  312 
Mesentery,  circulation  in,  study  of.  111 
cysts  of,  699 

study  of  inflammation  in,  83 
Meslay  and  Parent,  on  tuberculosis  of  par- 
otid, ref.,  700 
Mesothelioma,  377 
Metachromatic     granules    in     bacteria, 

134 
Metamorphosis,  reversionary,  63 
Metaplasia,  62 

Metastasis  of  tumors,  341,  350 
Metazoa,  122 
Metcalf  and  Safford,   on   carcinoma  of 

ureter,  ref.,  788 
Metchnikofff  on  cytolysis,  178;  in  inflam- 
mation,   108;   on  immunity,    196;  on 
phagocytosis,  104,  106;  on  protective 
action  of  skin,  ref.,  150 
Metchnikoff  and  RouXy  on  animal  inocu- 
lations in  syphilis,  274 
Methylene  blue  stain,  1037 
for  bacteria,  145 
polychrome,  1037 
Metritis,  acute,  807 
■chronic,  808 
para-,  808 
peri-,  808 
Metrorrhagia,  21 
Mexican  typhus,  301 


Meyer,  on  obstruction  of  venae  cavs,  ref., 
573;  on  regeneration  of  lymph-nodes, 
ref.,  76 
Me3aiert's  method  of  opening  brain,  996 
Michaelis,  on  ostitis  fibrosa,  ref.,  897 
Micrencephalus,  325 
Microbes,  133 
Microcephalia,  928 
Micrococci,  134 
Micrococcus  catarrhalis,  226 
gonorrhoeae,  221 

characters  of,  222 
melitensis,  288 
pyogenes,  209 

aureus,  205 
tetragenus,  216 
Microcytase,  179 
Microcytes,  457 
Microgametes,  314 
Microgametocytes,  314 
Micron,  ref.,  134 
Micro-organisms,  forms  of,  133 
commimicability  of,  158 
in  disease,  150 

fermentation,  ref.,  146 
inflammation,  88 
mouth,  646 
tumors,  347 
relation  of,  to  infection,  156 
rdle    of,    in    formation    of    venous 

thrombi,  ref.,  25 
ultra-microscopic,  318 
Microphages,  104 
Microsporon  furfur,  148 
Microtomes,  1034 
Mieczkowskiy  on  r6le  of  micro-organisms 

in  gall-stones,  ref.,  745 
Miescher,  tubes  of,  121 
Mignot,  on  r6le  of  micro-organisms  in 

gall-stones,  ref.,  745 
Miller,    on    bacteria    of    non-pregnant 
uterus,    ref.,   804;    on    dead   tubercle 
bacilU,  ref.,  260 
Milne,  on  repair  of  liver,  ref.,  717 
MUoslavich  and  Namba,   on   tumors  of 

appendix,   ref.,   690 
Minkowski,  on  gout,  ref.,  436 
Minot,  on  cell  development,  ref,  69;  on 
embryological  basis  of  pathology,  ref., 
357;  on  regressive  processes,  ref.,  35; 
on  relation  between  ^idothelium  and 
mesothelium,  ref.,  377 
Misick,  on  teratoma  of  liver,  ref.,  737 
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Mitchellf  on  foreign  bodies  in  appendix 
vermiformis,    ref.,    686;    on    tubercle 
bacUli,     ref.,     266 
Mitosis,  65 

abnormal  phases  of,  66 
in  carcinoma,  402 
in  tumors,  339 
significance  of,  67 
Mitotic  figure,  66 
MitulescUy  on  tubercle  bacilli  on  books, 

ref.,  266 
Moles,  hydatid,  of  placenta,  826 
of  placenta,  824 
pigmented,  of  skin,  372 
Molluscum  contagiosum,  415 
Monaster,  65 

Monomorphism  in  bacteria,  136 
Monsters,  320 

double,  328 
Montgomery,  on  lung  pigment,  ref.,  592 
Monti    and    Berggruny   on   Von   Jaksch 

ansemia,  ref.,  479 
Moore,  on  diseases  of  animals,  ref.,  157; 
on   meningitis,  ref.,  223;  on  vaccina- 
tion, ref.,  306 
Morbus  maculosus  neonatorum,  22 
Morf,  on  sarcoma  of  thjrroid,  ref.,  514 
Morgan^  on  heredity,  ref.,  14;  on  regen- 
eration, ref.,  69 
Morphin  poisoning,  422 
Morrow,  on  leprosy,  ref.,  270 
Morris,  on  cysts  of  mediastinum,  ref., 

636 
Morse,   on   cirrhosis   in  childhood,   ref., 

729 

Moschcowitz,  on  carcinoma  of  appendix 

vermiformis,  ref.,  690;  on  non-parasitic 

cysts  of  liver,   ref.,  737;  on  tetanus, 

ref.,  287 

Moser,  on  tuberculosis  of  heart,  ref.,  542 

Moser  and  v,  Pirquet,  on  agglutination  of 

streptococci,  ref.,  210 
Mosny,  on  typhoid  and  oysters,  ref.,  245 
Mosquitoes  in  malaria,  314 

in  yellow  fever,  302 
Most,    on    lymph-vessels    of    nose    and 

pharynx,  ref.,  580 
Mouisset  and  Mouriqiiand,  on  sublimate 

poisoning,  ref.,  421 
Moulds,  133,  147 

as  excitants  of  pneimionia,  613 

higher,  148 

methods  of  study  of,  149 


Mouth,  643 

bacteria  in,  646;  ref.,  647 
cysts  of,  645 
disinfection  of,  ref.,  219 
inflammation  of  (see  Stomatitis),  643 
malformations  of,  643 
micro-organisms  in,  646 
syphilis  of,  644 
tuberculosis  of,  644 
Mouth,  tumors  of,  645 
Much,  on  immunity,  196 
Mucin,  technique  of  staining,  47,  1038 
Mucous  degeneration,  45 

membranes,  inflammation  of,  pseudo- 
membranous, 212 
membranes,  regeneration  of,  ref.,  71 
patches  in  syphilis,  272 
of  mouth,  645 
Miihlens,  on  relapsing  fever,  ref.,  293 
Muhlmann,  on  body  changes,  ref.,  36 
Muir,  on  repair  of  liver,  ref.,  717 
Mailer,  on  abrin  and  ricin  intoxication, 
ref.,  203;  on  comparative  histology  of 
lungs,  ref.,   602;  on    hypertrophy    of 
heart,  554;  on  natural  immunity,  ref., 
161;  on  post-mortem   decomposition, 
ref.,  987;  on  thyroid,  ref.,  512 
Mailer's  fluid,  1029 
Mim:imification,  58 
Mumps,  699 

Murphy,   on  tissue  transplantation,   79 
Murray,  on  heredity  in  cancer,  354 
Muscle,  868 

atrophy  of,  868,  871 
lipomatous,  871 
progressive,  869,  955 
spinal,  955 
bone  in,  874 
degeneration  of,  871 
embolism  of,  873 
haemorrhage  of,  873 
hyperplasia  of,  874 
hypertrophy  of,  62,  871 

pseudo-,  871 
infarctions  of,  873 
infiltration,  fatty,  of,  871 

hydropic,  of,  872 
inflammation  of  (see  Myositis),  873 
injiuies  of,  873 
necrosis  of,  868 
ossification  of,  874 
parasites  of,  875 
pigmentation  of,  868 
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Muscle,  regeneration  of,  70 

relation  of,  to  circulation,  16 

rupture  of,  873 

syphilis  of,  875 

trichinia  in,  examination  of,  131 

tuberculosis  of,  875 

tumors  of,  875 
Muscles,    relation   of,   to   circulation   of 

blood,  16 
Muagrave  and  Clegg,  on  amcebse,  116;  on 

trypanosomiasis,  ref.,  118 
MusseTf   PearcCy  and  Gwyn,   on   actino- 
mycosis, ref.,  232 
Myasthenia  gravis,  873 
Mycelium,  147 
Mycetoma,  232 
Mycosis,  intestinal,  229,  691 

pharyngis,  647 
Myelin  bodies,  ref.,  44 
Myelitis,  acute  disseminated,  966 

anterior  horn,  967 

central,  967 

chronic,  972,  973 

parenchymatous,  ref.,  966 

peripheral,  967 

polio-,  anterior,  967 

transverse,  966,  973 

unilateral,  967 
Myeloblasts,  462 
Myelocytes,  461,  477,  897 
Myelocytoma,  902 

Myelogenous  substances  in  cells,  ref.,  40 
Myeloma,  376,  902 
Myelomeningocele,  324 
Myeloplaxes,  901 
Myocarditis,  538 

chronic  interstitial,  539 

gonorrhceal,  ref.,  538 

interstitial,  538 

suppurative,  538 

syphilitic,  542 

tuberculous,  542 
Myocardium,   lesions  of,   in   diphtheria, 
ref.,  283 

lesions  of  (see  Heart) 

segmentation  of,  536 
Myoglia  fibrils,  389 
Myoma,  388 

levicellulare,  388 

of  appendix  vermiformis,  690 
bladder,  iu*inary,  788 
intestine,  688 
kidney,  776 


Myoma  of  nuunma,  848 
stomach,  662 
testicle,  861 
uterus,  810 
vagina,  797 
striocellulare,  390 
Myomalacia,  ref.,  538 
Myo-sarcoma,  376 
Myositis,  chronic,  873 
interstitial,  873 
ossificans,  386,  874 
poly-.  874 
suppurative,  873 
syphilitic,  875 
tuberculous,  875 
Myxo-chondroma,  383 
Myxcedema,  429 

internal    secretions    of    thyroid   in, 
430 
Myxoma,  365 

gelatinosum,  365 
medullare,  366 
molle,  365 
of  bone,  899 
brain,  976 

dura  mater  spinalis,  922 
Fallopian  tubes,  841 
heart,  556 
larynx,  585 
Uver,  737 
lymph-nodes,  498 
mamma,  848 
manmia,  male,  867 
muscle,  875 
oesophagus,  653 
peritoneimi,  697 
pia  mater  cerebralis,  920 

spinalis,  923 
salivary  glands,  700 
testicle,  860 
M3rxo-sarcoma,  376 
M3rxosporidia,  120 

Nabothian  glands,  805 

Naegeliy  on  blood,  ref.,  452 

on  diseases  of  blood,  ref.,  471 

on  statistics  of  tuberculosis,  ref.,  263 

Nsevi,  vascular,  394 

NaganOf  118 

NaviUe  and  Frombergy  on  brain  emboli, 
ref.,  34 

NebdthaUy  on  intestinal  tuberculosis,  ref., 
674 
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Neck,  appearance  of,  in  strangulation, 
443,  989,  1024 
cysts  of,  647 
NeckeTf  on  statistics  of  tuberculosis,  ref ., 

263 
Necrobiosis,  36 
Necrosis,  36,  56 

coagulation,  58,  59 
fat,  59 

of  pancreas,  704 
focal,  58,  203 
in  inflammation,  97 
liquefaction,  56 
of  appendix  vermiformis,  685 
bone,  889 
kidney,  750 
liver,  241,  714 
muscle,  868 
phosphorus,  of  bone,  890 
zonal,  of  liver,  715 
NegHand  Mieremet,  on  organism  in  Hodg- 

kin's  disease,  497 
Negri  bodies,  295 

staining  methods  for,  296 
impression  method,  297 
Neisser,     on     animal     inoculations     in 
syphilis,  274 ;  on  Staphylococcus  pyog- 
enes aureus,  ref.,  208 
Neisser  and  Baermann,  on  animal  inocu- 
lations in  syphilis,  274 
Neisser  and  Gins,  on  B.  diphtheriae,  ref., 

285 
Neisser  and  Sachs,  on  haemolysis  tests, 

ref.,  182 
Neisser  and  SchoUz,  ref.,  on  gonococcus, 

223 
Nematoda,  126 
Nephritis,  dififuse,  acute,  756 

degenerative  type,  759 
excitants  of,  760 
exudative  type,  759 
glomerular  type,  757 
hemorrhagic  type,  759 
interstitial  type,  758 
parenchymatous  type,  759 
productive  type,  759 
variations  in  type,  759 
chronic,  762 

consideration  of,  762 
excitants  of,  768 
indurative  type,  766 
interstitial  type,  766 
parenchymatous  type,  763 


Nephritis,  dififuse,  chronic,  variations  in 
type,  768 
experimental,  ref.,  769 
exudative,  759 
general  considerations,  753 
glomerulo-,  757 
mterstitial,  759,  766 
malarial,  ref.,  761 
peri-,  772 
productive,  759 
pyelo-,  771 
suppurative,  754 
syphilitic,  770 
tuberculous,  769 
Nephrol5rtic  serum,  174 
Nerve  cell,  degenerations  of,  946 
nature  of,  943 
pigment  in,  943 
structure  of,  943 
fibres,  degeneration  of,  946 

Marchi^s  method  of  staining,  981 
myelin  sheath,  944 
Schwann  sheath,  944 
tissue,  eosin-hsematoxylin  stain  for, 
981 
Held's  method  of  staining,  982 
Marchi's  method  of  staining,  981 
Nissl's  method  of  staining,  982 
preparation  and  study  of,  980 
regeneration  of,  69,  951 
Weigert's  method  of  staining, 
981 
tracts,  crossed  pyramidal,  952 

degeneration  of,  953 
direct  pyramidal,  952 
degeneration  of,  953 
Nerves,  degeneration  of,  946,  970 
degeneration  of  neurone,  946 
in  tumors,  338,  362 
inflammation  of  (see  Neiuitis),  970 
injuries  of,  931 
leprous  inflammation  of,  976 
lesions  of,  in  diphtheria,  ref.,  283 
morphology  of,  942 
preservation  of,  1001 
regeneration  of,  951 
relation  of,  to  circulation,  16 
sclerosis  of,  971 
tumors  of,  979 
Nervous  system,  908 

artefacts  of,  ref.,  928 
degeneration,  primary,  of,  955 
secondary  of,  953 
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Nervous  system,   degenerations  of,  946, 
951 

neurone  theory  of,  943 
preparation  and  study  of,  980 
regeneration  of,  951 
relations  of,   to  circulation  of 

blood,  16 
syphilis  of,  975 
tuberculosis  of,  974 
tumors  of,  976 
Netter,   on  bacteria  in  exudative  pleu- 
ritis,  ref.,   638;  on    pneimiococcus  in 
empyema,  ref.,  640;  on  preventive  in- 
oculation in  plague,  ref.,  289 
NeubergeTf  on  calcification  of  kidney,  ref., 

753 
Neufeldj  on  agglutination  of  streptococci, 

ref.,  210 
Neufeld  and  Hdndel,  on  D.  pneumonise, 

ref.,  221 
Neufeld  and  Rimpau,  on  opsonins,  184 
Neufeld  and  To'pfet^  on  opsonins,  ref.,  184 
Neumann^  on  bacteria  of  nose,  ref.,  580 
Neumann  and  Mayer ,  on  protozoa,  ref.,  115 
Neurilemma,  946 
Neuritis,  acute,  918 
chronic,  973 
exudative,  918 
multiple,  918 
optic,  957 
Neuro-epithelioma,  388,  410 
Neuroglia,  945 

cells,  genesis  of,  ref.,  357 
hyperplasia  of,  951 
nature  of,  945 
types  of,  945 
fibrils,  ref.,  388 
in  glioma,  387 
Neuroglioma  ganglionare,  976 
Neurolytic  serum,  174 
Neuroma,  390 

amputation,  391,  931 
false,  391,  931 
fibrillar,  391. 
ganglioniforme,  390 
of  adrenals,  517 
Uver,  735 
nerves,  979 
plexiform,  391 
Neurone,  degenerations  in,  946,  953,  955, 
970 
nature  of,  943 
theory  of  nervous  system,  943 


Neurones,  action  of  fatigue  on,  950 
toxins  on,  948,  970 
degeneration,  primary,  of,  955 

secondary,  of,  953 
motor,  cortico-spinal,  952 

degeneration  of,  955,  956 
motor,  peripheral,  952 

degeneration  of,  955,  956 
upper,  952 
nutritional  disturbance  of,  948 
sensory,  lower,  952 
peripheral,  952 

degeneration  of,  957 
upper,  952 
systems  of,  951 
Neuroryctes  hydrophobiae,    296 
Neu^ser,  on  status  lymphaticus,  ref.,  440 
New-bom,  encephalitis  of,  972 

examination,  post-mortem,  of,  1023 
size  and  characters  of,  1023 
tissues,  preservation  of,  1026 
Newman^  on  malignant  disease  of  tonsils, 

ref.,  651 
Newton f  on  rupture  of  heart,  ref.,  527 
Nicolas  and  Beau,  on  spleen  in  infection, 

ref.,  152 

Nichols,  on  experimental  yaws,  ref.,  293; 

on  ganglion  cells  in  typhoid  fever,  ref., 

243;  on  timior  transplantation,  ref.,  351 

Nichols    and    Richardson,    on    arthritis 

deformans,  ref.,  905 
NicolUf  on  infective  agent  in  typhus  fever, 

ref.,  301 
Niles,  on  pellagra,  ref.,  318 
Nipple,  absence  of,  842 
eczema  of,  843 
inflammation  of,  843 
Nissl's  stain  for  nerve  tissue,  982 
Nitric  acid,  418 
Nitrobenzol  poisoning,  423 
Nocard    and    Ledainche,    on    infectious 

diseases  of  animals,  319 
Nocard  and  Roux,  on  ultra-microscopic 

organism,  319 
Nocardia,  136,  232 

Noguchi,  on  cultivation  of  spirochetes, 
ref.,  292,  647;  on  cultivation  of  Tr. 
pallidum,  ref.,  275;  on  luetin  test,  281; 
on  modification  of  Wassermann  re- 
action, 281;  on  rabies,  ref.,  296;  on 
staining  Tr.  pallidum,  276 
Noguchi  and  Cohen,  on  trachoma  bodies, 
ref.,  308 
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Noma,  644 

of  vulva,  794,  797 
von  Noorden  on  diseases  of  blood,  ref, 

471 
Normoblasts,  458 
N orris,  C.  C,  on  carcinoma  of  appendix 

vermiformis,  ref.,  690 
Norria,  Charles,  on  bacterial  precipitins, 
182;  on  myeloma,  ref.,  902;  on  status 
lymphaticus,  440 
N orris,  G.  W.,  on   tuberculous  pericar- 
ditis, ref.,  521 
Norris    and    Larkin,     on     streptothrix 

pneimionia,  ref.,  232 
Norris,  Pappenheimer,  and  Floumoy,  on 

relapsing  fever,  292 
North,  on  septic  sore  throat,  ref.,  211 
Northrup,  on  emphysema  of  lung,  ref., 
598;  on  reptilian  heart,  ref.,  523;  on 
tuberculous    bronchial    lymph-nodes, 
ref.,  487 
Northrup   and   CrandaU,    on   scurvy   in 

infants,  ref.,  438 
Norton,  on  persistent  thymus,  ref.,  511 
Nose,  579 

adenoids,  581 
bacteria  in,  580 
cysts  of,  581 
haemorrhage  from,  579 
hay  fever,  ref.,  580 
inflammation  of  (see  Catarrh),  579 
lymph- vessels,  of,  ref.,  580 
malformations  of,  579 
mucous  membranes  of,  579 
polyps  of,  581 
tumors  of,  581 
Novy,  on  pathogenic  trypanosomes,  ref., 

118 
Novy  and  Knapp,  on  relapsing  fever,  ref., 

293 
Novy    and    McNeal,    on    Trypanosoma 

lewisi,  117 
Noyes,  on  accessory  adrenals,  ref.,  515 
Nutmeg  liver,  710 
Nutrition,  disturbances  of,  9 

relationship  of,  to  disease,  9 
Nuttall,  on  blood  relationships,  172,  ref., 
181;  on   r61e   of   insects  in  infection, 
ref.,  151 
Nuttall    and  Shipley,   on   anopheles   in 

malaria,  ref.,  316 
Nux  vomica  poisoning,  424 
NymphflB,  anomalies  of,  793 
69 


Obermeier,  spirochsete  of,  292 
Occupation,  relation  of,  to  disease,  9 
Ochronosis,  55 
Odontoma,  387 
(Edema,  22 

malignant,  291 
of  brain,  934 

glottis,  582,  1011 
labia,  793 
larynx,  682 
lung,  593 
lymph-nodes,  482 
pia  mater  cerebralis,  913 
uterus,  802 
purulent,  200 
Oertelj  on  classification  of  nephritis,  ref., 
763;  on  echinococcus  in  liver,  ref.,  739; 
on    necrosis    of    liver,    ref.,    715;    on 
tuberculosis  and  cancer,  ref.,  267 
CBsophagitis,  653 
CBsophagus,  651 

abscesses  in,  653 
cysts  of,  654 
dilatation  of,  651 
diverticula  of,  652 
examination,  post-mortem,  of,  1010 
foreign  bodies  in,  652,  653 
hsemorrhage  in,  651 
inflanmiation  of,  653 
malformations  of,  651 
perforation  of,  651 
rupture  of,  651 
stenosis  of,  652 
syphilis  of,  653 
tuberculosis  of,  653 
tumors  of,  653 
ulcer  of,  651 
varices  in,  651 
Ogata,  on  blood  plates,  ref.,  466 
O'Hare,  on  experimental  nephritis,  ref., 

769 
Oidiomycosis  cutis,  146 
Oidium,  147 

albicans,  in  mouth,  147,  644 
vagina,  797 
Oligocythemia,  454,  456 
Omentum,  cysts  of,  699 

examination,  post-mortem,  of,  1002 
hernia  of,  670 
tumors  of,  ref.,  698 
Oophoritis,  827 

acute  exudative,  827 
chronic  interstitial,  828 
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Oophoritis,  syphilitic,  829 

tuberculous,  829 
OphulSf  on  ''acid-proof'^  bacilli  in  gan- 
grene, ref.,  600;  on  atypical  typhoid, 
ref.,  243;  on  corpora  amy lacea,  ref.,  50; 
on  nephritis,  ref.,  763 
Opie,  on  experimental  atrophy  of  Uver 
cells,  718;  on  filarial  lymphatic  varix, 
ref.,   130;    on  hsemochromatosis,  ref., 
54;  on  lesions  of  pancreas,  ref.,  704; 
on   leucocytic    exudates    after   intra- 
peritoneal  injection   of  bacteria,  ref., 
694;  on  proteolytic  enzymes  in  phago- 
cyte, 105;  on  relation  of  pancreas  to 
diabetes,  ref.,  435;  on  thrombosis  of 
lymphatics,  ref.,  577;  on  zonal  necroses 
of  liver,  ref.,  715 
Opie  and  MeakinSy  on  hemorrhagic  necro- 
sis of  pancreas,  ref.,  705 
OpiiZj  on  entrance  of  bacteria  through 

intestine,  ref.,  694 
Opium  poisoning,  422 
Oppenheimerf  on  bacterial  poisons,  ref., 

152 
Oppenheimer,  B.  S.y  on  method  of  opening 

heart,  1088 
Opsonic  index,  187 

in  acute  lobar  pneumonia,  220 
power,  determination  of,  186 
substances,  183 
Opsonins,  183 

clinical  significance  of,  186 
fixation  of,  185 
in  typhoid  fever,  246 
Orchitis,  857 

acute  exudative,  857 
chronic,  858 
leprous,  860 
syphilitic,  860 
tuberculous,  858 
Oriental  plague,  288 
Omithodorus  moubata,  293 
Orthmanrit  on  retro-ovarian  cysts,  ref., 

841 
Orth's  fluid,  1029 
Oshimay  on  malignant  tumors  of  kidney 

in  children,  ref.,  777 
Osier  J  on  cretinism,  ref.,  430;  on  hair  balls 
in  stomach,  666;  on  Madura  foot,  ref., 
232;  on  purpura,  ref.,  439 
Osier  and  McCrae,  on  carcinoma  of  stom- 
ach in  young,  ref.,  664 
Osmic  acid,  as  fixative,  1029 


Ossification,  irregular,  in  rickets,  892 
syphilis,  888 
of  bronchi,  592 
Osteitis,  882 

condensing,  885 
ossif3ring,  883 
rarefying,  883 
suppurative,  885 
syphilitic,  888 
tuberculous,  887 
ulcerative,  891 
Osteoblasts,  876,  881 
Osteo-chondroma,  383 

of  mamma,  848 
Osteoclasts,  60,  103,  876,  883 
Osteoid  tissue,  878 
Osteoma,  385 
of  brain,  976 
bone,  899 

dura  mater  cerebralLs,  911 
lung,  634 
mamma,  848 
peritoneum,  697 
pia  mater  cerebralls,  920 
muscle,  874 
penis,  855 
testicle,  860 
Osteomalacia,  896 
Osteomyelitis,  886 
chronic,  887 
infectious,  acute,  886 
malignant,  887 
Osteophytes,  386,  881,  889 
Osteo-porosis,  883 
Osteo-sarcoma,  373 
Osteo-sclerosis,  885 

Osteoid f  on  lesions  of  thyroid,  ref.,  433 
Otis  and  Evans,  on  blastomycosis,  ref., 

146 
Otto,  on  cysts  of  spleen,  ref.,  510 
OUolenghi,  on  bacteria  in  blood  of  ca- 
daver, ref.,  987 
Ovarian  pregnancy,  842 
Ovaries,  826 

absence  of,  826 
cystadenoma  of,  830 
cysts  of,  830,  836,  837 
displacements  of,  826 
ectopic  pregnancy,  842 
examination,  post-mortem,  of,  1020, 

1026 
hemorrhage  of,  827 
hernia  of,  826 
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Ovaiies,  hyperemia  of,  826 

hypertrophy  of,  62 

inflammation    of    (see    Oophoritis), 
827 

malformations  of,  826 

malpositions  of,  826 

preservation  of,  1020 

regeneration  of,  73 

size  of,  1020 

changes  in,  826 

syphilis  of,  829 

teratoma  of,  836 

th3rroid  tissue  in,  ref.,  836 

transplantation  of,  78 

tuberculosis  of,  829 

tumors  of,  829 

weight  of,  1020 
Ovula  Nabothi,  805,  822,  1020 
Oxalic  acid,  418 
Oxyuris  vermicularis,  127 
Oysters  and  typhoid  fever,  245 

Pacchionian  bodies,  912,  992 
Pachydermia  diffusa,  583 

verrucosa,  583 
Pachymeningitb,  909,  922 

acute  externa,  909,  922 
interna,  909 

chronic,  909,  922 

interna  hemorrhagica,  910,  922 

syphilitic,  911 

tuberculous,  911,  922 
Packardf  on  faucial  tonsils,  ref.,  649 
PagCy  on  diphtheria  carriers,  ref.,  285 
Paget's  disease,  843 
Palate,  cleft,  643 

Paltauf,  on  status  lymphaticus,  ref.,  440 
Pancreas,  701 

absence  of,  701 

accessory,  701 

atrophy  of,  702 

autodigestion  of,  702 

bacteria  in,  705 

calculi  in  ducts  of,  707 

cholelithiasis,  effect  of,  on,  705 

concretions  in  ducts  of,  707 

cysts  of,  706 

degeneration  of,  703 

diabetes,  relation  of,  to,  435,  703 

displacements  of,   701 

duct«,  dilatation  of,  706 

examination,  post-mortem,  of,  1017 

fat  necrosis  of,  704 


Pancreas,  foreign  bodies  in  ducts  of,  707 
gangrene  of,  705 
gummata  in,  706 
haemorrhage  in,  705 
infiltration,  fatty,  of,  703 
inflammation  of,  705 
Langerhans'  islands,  degeneration  of, 

703 
lesions  of,  in  diabetes,  435,  703 

cirrhosis  of  liver,  728 
malformations  of,  701 
necrosis  of,  704 
parasites  of,  707 
preservation  of,  1018 
size  and  weight  of,  1017 
syphilis  of,  706 
tuberculosis  of,  706 
tumors  of,  706 
Pancreatic  duct,  malformations  of,  701 
Pancreatitis,  705 
Pancreolytic  serum,  174 
Pandemic  disease,  159 
Papilloma,    364 

of  bladder,  urinary,  786 
Fallopian  tubes,  841 
galUducts,  743 
kidney,  776 
larynx,  585 
mouth,  645 
oesophagus,  653 
ovary,  829,  835 
penis,  854 
stomach,  662 
vagina,  797 
vulva,  794 
Pappenheimery  on  thymus,  ref.,  511 
Pappenheim's  method  of  staining  tubercle 

bacUU,  258 
Paraffin  embedding,  1033 
Paralysis,  acute  ascending,  969 
infantile,  299 
Landry's,  969 
spinal,  infantile,  967 
spastic,  955 
Parametritis,  808 
Paraphimosis,  854 
Paraplegia,  ataxic,  962 

spastic,  955 
Parasite,  332 
Parasites,  animal,  114 
in  blood,  470 
plant,  133 
Parathyroid  glands,  514 
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Paratyphoid,  247 
Parenchymatous  degeneration,  39 
Paresis,  general,  lesions  of  brain  in,  972 
Paris  green  poisoning,  421 
Parkf  R,f  on  osteomyelitis,  ref.,  887 
Park,  W,  H,,  on  agglutination  tests  in 
classification,  ref.,  181 ;  on  B.  influenzse, 
ref.,  234;  on  serum  therapy,  ref.,  165 
Park  and  KrumiDeidef  on  types  of   B. 

tuberculosis,  ref.,  266 
Park  and  WilltamSf  on  B.  dysenterijB 
ref.,  677;  on  bacteriology,  133;  on 
diphtheria  antitoxin,  285;  on  infection 
of  children  with  bovine  tuberculosis, 
ref.,  266;  on  preventive  inoculations  in 
hydrophobia,  ref.,  298;  on  protozoa, 
ref.,  115;  on  typhoid  carrier,  ref.,  245 
Parotid  gland,  699 

inflammation  of,  699 
tuberculosis  of,  700 
timiors  of,  700 
Parotitis,  699 
Parovarium,  cysts  of,  837 
ParsonSf    on    bone    lesions    in    typhoid 

fever,  ref.,  243 
P&ssler  and  Heineke,  on  relation  of  hyper- 
trophy of  heart  to  kidney  disease,  ref., 
768 
Pasteur  method  in  hydrophobia,  297 
Pathological    morphology,  characteriza- 
tion of,  5 
physiology,  characterization  of,  5 
specimens,  preservation  of,  1027 
Pathology,  classifications  of,  6 
comparative,  319 
definitions  of,  3,  5 
divisions  of,  5 
general  introduction  to,  3 
special,  451 
Pawlowsky,  on  elimination  of  bacteria  in 

body,  ref.,  151 
Payr,  on  transplantation  of  thyroid,  ref., 

78 
Pearce J  on  cytolysins,  175;  on  degenera- 
tion of  heart  muscle,  ref.,  541;  on 
experimental  cirrhosis,  ref.,  730;  on 
hemagglutinins  and  liver  necroses,  ref., 
715;  on  islands  of  Langerhans,  ref.,  704; 
on  leptothrix,  ref.,  232;  on  oedema, 
ref.,  22;  on  pancreas  in  congenital 
syphilis,  ref.,  706;  on  regeneration  of 
kidney,  ref.,  72;  on  regeneration  of 
liver,  ref.,  717;  on  thrombi,  ref.,  26 


Pearce  and   WinnCt   on  hsmagglutinins 
and     liver    necroses,     ref.,    715;    on 
thrombi,  ref.,  26 
Pearce,  HiU,  and  Eisenbreyy  on  experi- 
mental nephritis,  ref.,  769 
Pearls,  epithelial,  407 
Pearson,  on  animal  inmiunization  against 

tuberculosis,  ref.,  262 
Pediculus  capitis,  132 

vestamenti  in  Mexican  typhus,  301 
Pellagra,  318 

PeUew,  on  arsenic  poisoning,  ref.,  421 
Penis,  853 

absence  of,  853 

balanitis,  854 

calcification  of,  855 

calculi  of,  855 

condyloma  of,  854 

corpora  cavernosa,  inflanunation  of, 
854 

cysts  of,  855 

elephantiasis  of,  855 

enlargement  of,  853 

epispadias,  853 

erysipelas  of,  854 

examination,  post-mortem,  of,  1018 

furuncles  of,  854 

hemorrhage  in,  854 

herpes  of,  854 

h3rpospadia8,  853 

indiu'ations  of,  854 

inflammation  of,  854 

injuries  of,  854 

malformations  of,  853 

ossification  of,  855 

paraphimosis,  854 
'  phimosis  of,  854 

congenital,  853 

syphilis  of,  854 

tuberculosis  of,  854 

tumors  of,  854 

ulcers  of,  854 
Pentastomum  denticulatum  in  liv^,  739 

lymph-nodes,  498 

spleen,  511 
Periarteritis,  559 

nodosa,  566 
Pericarditis,  518 

acute,  519 

bacteria  in,  520 

chronic,  520 

exudative,  519 

fibrinous,  519 
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Pericarditis,  obllterative,  520 

purulent,  520 

sero-fibrinous,  519 

suppurative,  520 

tuberculous,  521 
Pericardium,  518 

air  in,  518 

calcification  of,  520 

cysts  of,  522 

dropsy  of,  518 

examination,  post-mortem,  of,  1004 

fibroid  nodules  in,  521 

gas  in,  518 

hffimorrhage  in,  518 

hydro-,  518 

inflammation  of,  518 

pneumo-,  518 

tuberculosis  of,  521 

tumors  of,  522 
Perihepatitis,  733 
Perimetritis,  808 
Perinephritic  suppuration,  772 
Periosteum,  hsemorrhage  in,  877 

hyperaemia  of,  877 

inflammation  of  (see  Periostitis),  878 

tumors  of,  899 
Periostitis,  878 

exudative,  879 

fibrous,  880 

ossifying,  880 

suppurative,  879 

syphilitic,  881 

tuberculous,  882 
Periphlebitis,  573 

Peripneumonia  of  cattle,  organism  of,  319 
Perisplenitis,  507 
Peritoneum,  691 

absorption  from,  ref..  Ill,  694 

ascites  of,  692 

cysts  of,  699 

hffimorrhage  in,  692 

inflammation  of  (see  Peritonitis),  692 

malformations  of,  691 

parasites  of,  699 

tuberculosis  of,  695 

tumors  of,  696 
Peritonitis,  692 

acute,  692 

bacterial  excitants  of,  694 

cellular,  692 

chronic,  695 

chronic,  694,  695 

exudative,  693 


Peritonitis,  gonococcus,  ref.,  694 

suppurative,  693 

tuberculous,  695 
Perkins,  on  B.  mucosus  capsulatus,  ref., 

216 
Perkins  and  Pay,  on  bacteria  in  smallpox, 

ref.,  304 
Perrone,  on  appendicitis,  688 
Pertussis,  317 
Pest  (see  Plague),  288 
Petechia,  21 

Peterson,  on  non-malignant  rectal  stric- 
tures, ref.,  684 
Peterson  and  Haines,  on  legal  medicine, 

425 
Pettity  on  concurrent  infection  in  tuber- 
culosis, ref.,  631 
Peyer's  patches  in  typhoid  fever,  235 
P/aff,  on  oesophageal  diverticula,   ref., 

652 
Pfeiffer,  on  bacteriolysis,  170;  on  immun- 
ity, 196 

phenomenon,  170 
Phagocytes,  99,  161 

action  of,  105,  111 

counting,  187 

enzymes  in,  105 

forms  of,  103 

in  cytolysis,  178 
Phagocytic  count,  187 
Phagocytosis,  98.  183 

by  leucoc3rtes,  463 

experimental  study  of,  110 
Phagolysis,  179 
Pharyngitis,  648 

adenoids  in,  648 

catarrhal,  648 

tuberculous,  649 
Pharyngo-mycosis  leptothrica,  232 
Pharynx,  647 

abscess  in,  648 

adenoids,  648,  649,  650 

as  portal  of  entry  for  tubercle  bacilli, 
650 

cysts  of,  647 

diverticula  of,  647 

examination,  post-mortem,  of,  1010, 
1025 

fistulffi  of,  647 

inflammation  of   (see  Pharyngitis), 
648 

lesions  of,  581 

malformations  of,  647 
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Pharynx,  mycosis  of,  647 
polyps  of,  650 
preservation  of,  1011 
tuberculosis  of,  649 
tumors  of,  650 
Philips f    on    acute    yellow    atrophy    in 

children,  ref.,  718 
Phimosis,  854 

congenital,  853 
para-,  854 
Phlebectasia,  572 
Phlebitis,  573 

acute  infective,  573 
chronic,  574 
endo-,  574 
peri-,  574 
syphilitic,  575 
tuberculous,  575 
PhleboUths,  27,  533 
Phlegmon,  200 

gaseous,  290 
Phloridzin  diabetes,  ref.,  436 
Phloroglucin  as  decalcifying  agent,  1031 
Phosphorus  necrosis  of  bone,  890 
poisoning,  419,  656 

fat  embolism  in,  34 
Phthisis,  627 
Pia  mater  cerebralis,  912 

blood  in,  913 
bone  in,  921 
cysts  of,  921 
haemorrhage  in,  913 
hyperaemia  of,  913 
inflammation    of    (see 

Meningitis),    914 
oedema  of,  913 
Pacchionian  bodies  in,  912 
parasites  of,  921 
pigmentation  of,  914,  921 
structure  of,  912 
syphilis  of,  919 
tuberculosis  of,  918 
tumors  of,  919 
examination,   postmortem,     of, 

992 
methods  of  hardening,  998 
spinalis,  922 

bone  in,  923 
cartilage  in,  923 
haemorrhage  in,  922 
inflammation    of    (see 

Meningitis,  spinal),  923 
parasites  of,  923 


Pia  mater  spinalis,  tuberculosis  of,  923 

tumors  of,  923,  977 
Pic  and  Bonnamour,  on  arterio-sclerosis, 

ref.,  565 
PiCf  on  hydatid  moles,  ref.,  826;  on  ochro- 
nosis, ref.,  55 
Picro-acid-fuchsin  stain,  1035 
Pierson  and   Ravendf    on   moulds,    ref., 

147 
Pigment,  anthracotic,  53,  616 
extraneous,  53,  56 
hffimatogenous,  53 
hepatogenous,  53,  54 
in  blood,  470 
metabolic,  55 
of  red  blood  cells,  456 
skin,  ref.,  55 
Pigmentation,  53 
of  adrenals,  516 

bone  marrow,  877 
brain,  933 
heart,  529 
liver,  714,  721,  730 
lungs,  601,  616 
lymph-nodes,  483 
muscle,  868 
nerve  cells,  943 
pia  mater  cerebralis,  914,  921 
pleura,  641 
spleen,  501 
Piles,  684 

Pilocarpin  exudates,  195 
Pineal  gland,  lesions  of,  980 
Pin  worm,  128 

Piroplasma  bigeminum,  122 
Pituitary  body,  980 
Pituitrin,  439 
Pityriasis  versicolor,  148 
Placenta,  822 

apoplexy  of,  823 
calcification  of,  823 
cysts  of,  826 
degenerations  of,  823 
haemorrhage  in,  823 
infarction  of,  823 
inflammation  of,  823 
lesions  of,  822 
moles  of,  824 
polyps  in,  824 
structure  of,  ref.,  822 
syphilis  of,  823 
tuberculosis  of,  823 
tumors  of,  824 
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Plague,  bacillus  of,  288 

bubonic,  288 

lobular  pneumonia  of,  612 

insects  and,  289 

insects  as  carriers  of,  ref .,  151 

oriental,  288 

preventive  inoculation  in,  289 

pulmonary,  288 

rats  and  squirrels  and,  289 

septicemic,  288 

swine,  bacillus  of,  289 
Plant  parasites,  133 
Plasma  cells,  74,  93,  462 
Plasmodium  malarise,  311 
Plasmodromata,  115 
Plautj  on  yeasts  and  moulds  in  disease, 

ref.,  149 
Pleomorphism,  in  bacteria,  136 
Plethora,  16,  455 
Pleura,  636 

air  in,  637 

as  portals  of  entry  for  bacteria,  ref., 
614   • 

calcification  of,  639 

cysts  of,  642 

echinococcus  of,  642 

empyema,  638 

gas  in,  637 

bffimorrhage  in,  637 

hydro-pneumothorax,  637 

hydrothorax,  636 

inflammation  of  (see  Pleuritis),  637 

pigmentation  of,  641 

pyo-pneumothorax,  637 

tuberculosis  of,  640 

tumors  of,  641 
Pleural  cavities,  air  in,  637 

tests  for,  1003 
examination,  post-mortem,  of, 

1003, 1009, 1025 
gas  in,  JB37 
Pleurisy  (see  Pleuritis),  637 
Pleuritic  adhesions,  640 
Pleuritis,  637 

acute,  637 

chronic,  640 

dry,  637 

exudative,  637 

fibrinous,  simple,  637 

sero-fibrinous,  637 
excitants  of,  638 

sicca,  637 

suppurative,  638 


Pleuritis,  tuberculous,  640 

with  effusion,  637 
Plimmer  bodies,  348 
Plotz,  on  infective  agent  in  typhus  fever, 

ref.,  301 
Pneumococcal  vaccines,  220 
Pneumococco-opsonic  index,  220 
Pneumococcus    (see  Diplococcus  pneu- 
monise),  218 
lanceolatus,  217 
of  Frankel,  217 

Friedlander,  216 
Pneumokoniosis,  56,  616 
Pneumonia,  600 
aspiration,  611 
broncho-,  608,  609 

excitants  of,  612,  613 
exudates  in,  611 
tuberculous,  624 
cheesy,  627 
classification  of,  603 
cooling    of    body    as    determining, 

614 
crisis  in,  219,  606 
croupous,  603 
excitants  of,  218 
experimental,  ref.,  614 

in  animals,  ref.,  614 
exudative,  603 
fibrinous,  603 
hematogenous,  611 
hypostatic,  612 
interstitial,  614 
lobar,  acute,  603 

associated  lesions  in,  606 
bacteria  in,  607 
complications  of,  606 
concurrent  infection  in,  607 
delayed  resolution  in,  607 
diplococcus  of,  218 
experimental,  218,  614 
mixed  infection  in,  607 
statistics  of,  606 
suppurative    inflammation 
in,  607 
lobular,  608 

excitants  of,  613 
exudate  in,  611 
"organizing,"  607 
"patchy,"  608 

"purulent  infiltration"   in,   608 
pysemic,  611 
reversion  of  epithelium  in,  615 
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Pneumonia,  septic,  611 

syphilitic,  633 

tuberculous,  618 
Pneumonitis  (see  Pneumonia),  600 
Pnemnonomycosis,  ref.,  147 
Pnemnopericardium,  518 
Pneumothorax,  637 
Poikilocy1«8, 457 

Poisoning,    examination,    post-mortem, 
in  cases  of,  1014, 1016,  1022 

meat,  291 
Poisons,  417  * 

abrin,  153,  ref.,  203,  424 

aconite,  425 

alcohol,  423 

aloes,  422 

ammonia,  419 

animal  venom,  etc.,  424 

arsenic,  420,  656 

bacteria],  139,  152 

bibliography  of,  425 

cantharides,  422 

carbolic  acid,  -423 

carbonic  oxide,  424 

chloral  hydrate,  424 

chloroform,  423,  716 

colchicum,  422 

colocynth,  422 

conium,  425 

copper,  422 

corrosive  sublimate,  421 

croton  oil,  422 

cyanide  of  potassium,  423 

digitalis,  425 

elaterium,  422 

endogenous,  417,  426 

ether,  424 

exogenous,  417 

fungi,  422 

gamboge,  422 

hellebore,  422 

histogenic,  426 

hydrochloric  acid,  418 

hydrocyanic  acid,  422 

jalap,  422 

lead,  421 

lesions  induced  by,  417 

lobelia,  425 

morphin,  422 

nitric  acid,  418 

nitrobenzol,  423 

nux  vomica,  424 

opium.  422 


Poisons,  oxalic  acid,  418 
Paris  green,  421 
phosphorus,  419,  656 
potash,  419 
potassium  nitrate,  419 
potassiimi  oxalate,  419 
ptomain,  425 
ricin,  153;  ref.,  203,  424 
savin,  422 
Bcammony,  422 
Scheele's  green,  421 
soda,  419 
stramoniiun,  425 
strychnin,  424 
sulphuric  acid,  417 
tartar  emetic,  422 
tartaric  acid,  419 
turpentine,  422 
vegetable  irritants,  422 
venom,  animal,  153,  424 
veratria,  422 
PolaiUon,  on  lung  stones,  ref.,  639 
Polar  body,  65 

Poliomyelitis,  acute  anterior,  299,  967 
communicability  of,  300 
immunity  in,  300 
Polycythaemia,  454 
Polymyositis,  acute  primary,  874 
Polyps,  adenoid,  650 
of  bronchi,  592 
heart,  531 
intestine,  688 
nose,  ref.,  580,  581 
pharynx,  650 
placenta,  824 
urethra,  792 
uterus,  803,  810 
PopoHt  on  arsenic  poisoning,  421 
Poor  and  Steinhardiy  on  rabies,  ref.,  297 
Porencephalus,  979 
Portal  vein,  lesions  of,  7^1 
Porter y  on  coronary  arteries,  ref.,  537 
PosseUf   on  echinococcus    in   liver,  ref., 

739 
Post-mortem  changes  in  blood  distribu- 
tion, 986,  990 
in  cholera,  248 
pyaemia,  204 
septicsemia,  204 
contusions,  989 
cooling  of  body,  988 
cultures,  1021 
decomposition,  987 
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Post-mortem    discoloration    of    viscera, 
1002 
examination,  985 

after  asphyxia,  442 

drowning,  444 

strangulation,  443 
closure  of  body  after,  1021 
external  inspection,  986 
for  bacteria,  1021 
internal  inspection,  990 
lividity,  cadaveric,  986 
medico-legal,  1022 
method  of  making,  986 
of  abdomen,  1001,  1025 

adrenals,  1013,  1026 

aorta,  1018 

base  of  cranium,  998 

bladder,  1018,  1019,  1026 

bones,  1026 

brain,  992,  1024 

bronchi,  1009 

diaphragm,  1003 

dura  mater,  992 

ear,  988 

eyes,  998 

Fallopian  tubes,  1020 

gall-bladder,  1016 
-ducts,  1016 

genito-urinary  organs,    fe- 
male, 1019,  1026 
male,  1018,  1026 

haemolymph-nodes,  1018 

head,  991,  1024 

heart,  1004,  1025 

internal  ear,  998 

intestine,  1002,  1014,  1026 

kidney,  1011,  1026 

larynx,  1010,  1025 

liver,  1002,  1016,  1026 

lung,  1009,  1025 

new-bom,  1023 

oesophagus,  1010 

omentum,  1002 

ovaries,  1020 

pancreas,  1017 

pericardium,  1004 

pharynx,  1010,  1025 

pia  mater,  992 

pleural  cavities,  1009,  1025 
«  prostate  gland,  1018 

solar  plexus,  1018 

spinal  cord,  999 

spleen,  1013,  1026 


Post-mortem  examination  of  stomach, 

655,    1003,  1015,  1026 
testicles,  1018 
thoracic  duct,  1018 
thorax,  1001,  1024 
thymus,  1025 
thyroid,  1010,  1026 
trachea,  1011 
umbilical  cord,  1026 
urethra,  1018 
uterus,  1019 
vagina,  1019 
vesicuke  seminales,  1018 
vulva,  1019 
putrefactive  changes,  987 
fractures,  990 
gas  formation,  987 
hypostasis,  986 
identification,  986 
lividity,  986 
marks  of  violence,  989 
putrefaction,  987 
rigidity,  988 
rise  of  temperature,  988 
softening  of  viscera,  1002 
wounds,  990 
Potash  poisoning,  418 
Potassium  bicarbonate  in  Muller's  fluid, 
1029 
nitrate  poisoning,  419 
oxalate  poisoning,  419 
Potter t  Diimanf  and  Bradley,  on  opsonins, 

ref.,  187 
Powers,  on  carcinoma  of  branchial  cleft, 

ref.,  651 
Pratt,  on  coronary  arteries,  ref.,  537;  on 
histology  of  acute  lobar   pneumonia, 
ref.,   606;  on  paratyphoid,   ref.,   247; 
on  typhoid  bacillus,  ref.,  244 
Preble,  on  gastro-intestinal  haemorrhage 
in  cirrhosis,  ref.,  728;  on   oesophageal 
varices,  ref.,  651;    on    pneumococcus 
endocarditis,  ref.,  544 
Preble  and  Hektoen,  on  multiple  neuroma, 

ref.,  393 
Precipitating  substances,  181 
Precipitin  test  in  forensic  medicine,  181 

technique  of,  194 
Precipitins,  181 
anti-,  182 

in  typhoid  fever,  246 
nature  of,  182 
Pregnancy,  abdominal.  842 
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Pregnancy,  chorionepithelioma  of,  820 

extra-uterine,  841 

interstitial,  842 

ovarian,  842 

toxsemia  of,  liver  in,  718 

tubal,  841 

tubo-abdominal,  842 

vomiting,  pernicious,  in,  718 
Prepuce,  absence  of,  853 

lesions  of,  854 
Preservation  of  tissues,  1029 
Pribram^  on  bacterial  haemolysins, 

ref.,  153 
Proescher   and  Reddy,   on   paratyphoid, 

ref.,  247 
Proglottides  of  tapeworm,  123 
Prolapsus  uteri,  801 
Prosopothoracopagus,  330 
Prostate,  863 

abscess  of,  866 

atrophy  of,  863 

concretions  of,  866 

cysts  of,  866 

degenerations  of,  863 

examination,  post-mortem,  of,  1018 

hyperplasia  of,  864 

hypertrophy  of,  863 

inflammation  of,  864 

parasites  in,  866 

tuberculosis  of,  866 

tumors  of,  866 
Prostatitis,  864 
Proteids,  defensive,  161 

protective,  109 
Proteins,  3 

Proteus  group  of  bacilli,  216 
Prothrombin,  452 
Protoplasmic  processes,  944 
Protozoa,  114 

classification  of,  115 

cultivation  of,  115 

effects  of,  115 

in  infectious  diseases,  317 
tumors,  347 

methods  of  study  of,  122 

modes  of  transmission  of,  114 
Proud  flesh,  95 

PruddeUy  on  bacteria  in  exudative 
pleuritis,  ref.,  638;  on  dead  tubercle 
bacilli,  ref.,  260;  on  experimental  tu- 
berculosis, ref.,  631;  on  malignant 
endocarditis,  ref.,  545;  on  multiple 
neuroma,  ref.,  393;  on   pseudo-hyper- 


trophy of  muscle  in  multiple  neuroma, 
ref.,  871;  on  pseudo-membranous  in- 
flammation, ref.,  212;  on  rhabdo- 
myoma of  parotid  gland,  ref.,  390; 
Prudden  and  Hodenpylf  on  dead  tubercle 

bacilli,  ref.,  260 
Psammoma,  376 

of  dura  mater  cerebralis,  912 
spinalis,  922 
pia  mater  cerebralis,  920 
Pseudo-diphtheria,  212 

bacillus,  285 
Pseudo-hermaphroditism,  793,  853 
Pseudo-hypertrophy  of  muscle,  871 
Pseudo-leuksemia,  489 
granulomatous,  491 
infantum,  479 
spleen  in,  509 
Ptomain  poisoning,  425 
Ptomains,  bacterial,  139 
Puerperal  fever,  808 
Purpura  hsemorrhagica,  439 
Pus,  89,  201 

cells,  201 
Pustules,  199 

malignant,  228 
Puinantf    on   hemorrhagic    encephalitis, 

ref.,  965 
Putnam  and  Taylor^  on  spinal-cord  de- 
generation, ref.,  963 
Putrefaction,  post-mortem,  987 
Pyseraia,  203 

crypto-genetic,  204 
post-mortem  changes,  204 
septico-,  204 
Pycnosis,  57 
PyeUtis,  771 
Pyelo-nephritis,  chronic,  771 

suppurative,  771 
Pygopagus,  331 
Pylorus,  stenosis  of,  662 
congenital,  654 
Pyogenic  bacteria,  205 
Pyo-pneumothorax,  637 
Pyosalpinx,  840 
Pyo-septic8Bmia,  ref.,  204 
Pyramids,  anterior,  952 
Pyrexia,  440 

Quarter-evil,  291 

Quenu  and  BrancOy  on  regeneration  oC 

intestinal  epithelium,  ref.,  6S2 
Quinsy,  649 
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Rabies  (see  Hydrophobia),  294 
Race,  relationship  of,  to  disease,  13 
Rachitis,  891 

foetal,  896 
Radium,  injuries  from,  11 
Radziewsky,  on  bacterial  infection,  ref., 

153 
Rainey,  tubes  of,  121 
Ramsay,  on  tumors  of  adrenals,  ref.,  517 
Ranula,  646,  700 
RaschkeSf    on   endothelioma   of    vagina, 

ref.,  797 
Ravenel,  on  bovine  tubercle  bacillus,  ref., 
260;  on  entrance  of  bacteria  through 
intestine,  ref.,  694;  on  human  and 
bovine  tuberculosis,  ref.,  266;  on  portals 
of  entry  of  B.  tuberculosis,  ref.,  264 
Ravenel   and   McCarthy^    on    lesions   of 

hydrophobia,  ref.,  294 
Itaviari,  on  tuberculosis   of  heart,    ref., 

542 
Ray  fungus,  231 
Receptors,  166 

V.  Recklinghausen^  on  rachitis,  ref.,  897 
Rectocele  vaginalis,  796 
Rectum,  683 

examination,  post-mortem,  of,  1018 
haemorrhoids,  684 
inflanmiation  of,  683 
strictures  of,  684 
Reedf  on  focal  necrosis  in  typhoid  fever, 
ref.,  241 ;  on  Hodgkin's  disease,  ref.,  495 
Reed  and  Carroll,  on  excitant  of  yellow 
fever,  ref.,  302;  on  mosquito  in  yellow 
fever,  ref.,  302 
Reed,   Carroll  and  Agramonte,   on  mos- 
quito in  yellow  fever,  ref.,  302 
Reed,     Vaiighan    and    Shakespeare,     on 
typhoid  fever  in  army  camps,  ref.,  245 
Regeneration,  64 

of  bladder  mucosa,  ref.,  71 
blood,  77 
blood-vessels,  75 
bone,  76 
bone-marrow,  76 
cartilage,  76 
cells,  68 

impulse  to,  79 
connective  tissue,  73 
endothelium,  75 
epithelium,  71 
fat  tissue,  77 
kidney,  72 


Regeneration  of  liver,  72 

lymph-nodes,  76 
lymph-vessels,  76 
mammary-glands,  72 
mucous  membranes,  ref.,  71 
muscle  tissue,  70 
nerve  tissue,  68,  951 
ovary,  73 

salivary  glands,  72 
testicle,  73 
thyroid,  72 
Regression  in  cells,  35 
Reinbach,  on  colloid,  ref.,  513;  on  granula- 
tion tissue,  ref.,  95 
Reinehoth  and  Kohlhardt,  on   cooling  of 

body  and  pneumonia,  ref.,  614 
Relapsing  fever,  292 
in  animals,  292 
Renon,  on  aspergillus,  ref.,  147 
Reproductive  organs,  female,  793 

male,  853 
Resolution  in  inflammation,  90 
Resorption,  23 

in  inflanmiation,  experimental  study 
of,  110 
Respiration,   relation  of,   to  circulation 

of  blood,  16 
Respiratory  system,  lesions  of,  579 
Reversion,  63 
Rhabdomyoma,  390 
of  heart,  556 
muscle,  875 
parotid,  701 
testicle,  861 
Rhabdonema  strongyloides,  131 
Rheumatism,  acute,  318 

articular,  904 
Rhexis,  haemorrhage  by,  20 
Rhinitis,  579 

acute  catarrhal,  579 
chronic  catarrhal,  580 
pseudo-membranous,  580 
syphilitic,  580 
tuberculous,  580 
Rhinoscleroma,  282 
Rhizopoda,  115 
Rhodes,  on  haemorrhage  of  larjmx,  ref., 

582 
Ribbert,  on  appendicitis,  ref.,  688;  on  cell 
regeneration,  79;  on  cholesteatomata, 
ref.,  379;  on  chordoma,  ref.,  385;  on 
compensatory  hypertrophy,  ref.,  80; 
on   fatty  degeneration,   41;   on    liver 
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cirrhosis,  ref.,  730;  on  metaplasia,  ref., 

63;  on  miliary  tubercles,  ref.,  252;  on 

regeneration  of  lymph-nodes,  ref.,  486; 

on  reversion,  ref.,  63 ;  on  tuberculosis  of 

pleura,  ref.,  641;  on  tumors,  416 
Ribbert's  hypothesis  of  origin  of  tumors, 

351 
Richetj  on  anaphylaxis,  ref.,  191 
RichteTf   on  ilio-cascal  tuberculosis,  ref., 

683 
Ricin  poisoning,  153,  ref.,  203,  425 
RickeTj   on   relationship   of   yeasts   and 

moulds  to  human  disease,  ref.,  149 
Riocker  and  Schwalh,  on  epithelioma,  ref., 

408 
Rickets,  891 

foetal,  896 
RickeitSj    on    blastomycosis,     ref.,    146; 

on   immunity,    196;    on    infection    in 

Rocky    Moimtain  fever,  301 
Ricketts  and  GomeZf  on  Rocky  Moimtain 

spotted  fever,  301 
Ricketts  and  Wilder,  on  Mexican  typhus, 

301 
Rieckelmann,  on  statistics  of  carcinoma, 

ref.,  404 
RiedeTy  on  leucocytosis,  ref.,  464 
Riesmanf  on  Meckel's  diverticulum,  ref., 

667;  on  pulmonary  oedema,  ref.,  595 
Rigor  mortis,  988 
Ring  worm,  148 
Ritchie f  on  bacteria  in  bronchitis,  ref.,  588; 

on   cystic   kidney,   ref.,    774;   on  im- 
munity, 196 
V.   Ritodky   on  arterial  hypoplasia,   ref., 

1018 
Roberts,  on  pellagra,  ref.,  318 
Robertson,  on  tonsillar  calculi,  ref.,  649 
Robin,  on  precipitin  test,  ref.,  182 
Robinson,   on  pulmonary  complications 

in  typhoid  fever,  ref.,  243 
Rocky  Mountain  spotted  fever,  301 
Rodet,  Lagriffoul,   and   Aly    Wahby,    on 

soluble   poisons   of   typhoid    bacillus, 

ref.,  235 
Roentgen  rays,  injury  from,  11 
Roger,  on  conditions  of  disease,  ref.,  14 
Roger  and  Gamier,   on   tuberculosis   of 

thyroid,  ref.,  512 
Rolleston,  on  carcinoma  of  intestine,  ref., 

690;  on  diseases  of  liver,  ref.,  725 
Rolleston  and  Crofton  Atkins,  on  pyloric 

stenosis,  ref.,  655 


Rolleston    and    Hayne,    on    congenital 

cirrhosis,  ref.,  729 
Roily    and   Liebermeister,    on   death  of 

bacteria  in  small  intestine,  ref.,  681 
Rosenau,  on  anterior  poliomyelitis,  ref., 

969;  on  coUodium  sacs,  ref.,  319;  on 

viability  of  B.  tuberculosis,  ref.,  257 
Rosenau  and  Anderson,  on  anaphylaxis, 

ref.,  190 
Rosenberger,  on  acid-fast  bacteria,  ref., 

267;  on  bacteriology  of  blood,  ref.,  470; 

on  tuberculosis  of  mesenteric  nodes, 

ref.,  674 
Rosenheim,  on  acute  diverticulitis,  ref., 

668 
Rosenow,  on  blood  cultures  in  pneumonia, 

ref.,  606;  on  D.  pneumonise  in  blood, 

218;  on  experimental  endocarditis,  ref., 

545 ;  on  leucocytosis  in  pneumonia,  220 
Ross,  on  method  of  counting  phagocytes, 

ref.,  187 
Ross  and  Milne,  on  tick  fever,  ref.,  293 
Round  worms,  126 
Roux,  on  invisible  microbes,  ref.,  319 
Rowley-Lawson,  on  malarial  parasite,  ref., 

311 
Ruckert,  on  bone  in  tonsil,  ref.,  649 
Russell  bodies,  347 
Russell,  B.  R.  G.,  on  immunity  to  tumor 

transplantation,  355 
Russell,  F.  F.,  on  ovarian  cysts,  ref.,  836; 

on  preventive  inoculation  in  typhoid 

fever,   ref.,   246 
Russell  and  Fuller,  on  typhoid  bacillus 

in  water,  ref.,  245 
Russell,  Batten,  and  Collier,  on  spinal- 
cord  degeneration,  ref.,  963 
Rutimeyer,  on  Friedrich's  ataxia,  ref.,  963 
Ruzicha,  on  theory  of  vital  staining,  ref., 

1027 

Sabouraud's  medium,  149 

Saccharomyces,  146 

Sacerdotti,  on  hypertrophy  of  kidney,  rd^ 
747 

Sachs,  on  indurations  of  corpora  caver- 
nosa penis,  ref.,  854 

Sacral  region,  tumor  of,  359 
teratomata,  333 

Sago  spleen,  500 

Sailer  and  Rhein,  on  eventration  of  dia- 
phragm, ref.,  692 

Saliva,  action  of,  on  bacteria,  ref.,  150 
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Salivary  glands,  699 

calculi  in  ducts  of,  700 
ducts  of,  700 
inflammation  of,  699 
regeneration  of,  72 
tumors  of,  700 
mixed,  700 
Salpingitis,  839 

Salvetti,  on  congenital  rickets,  ref.,  891 
SanareUiy  on  B.  icteroides,  ref.,  302 
Sand,  intestinal,  691 
Saprophytes,  141 
Sarcina,  135 
Sarcocystis  muris,  121 
Sarcoma,  366 
adeno-,  376 
alveolar,  375 
angio-,  374 
chondro-,  376 
cysto-,  375 
fibro-,  376 
giant-celled,  372 
glio-,  370,  388 
lipo-,  376 
lympho-,  370 
melano-,  370 
mixed  forms,  375 
myelogenic,  901 
myeloid,  372 
myo-,  376 
myxo-,  376 
of  adrenals,  517 

appendix  vermiformis,  690 

arteries,  571 

bladder,  urinary,  786 

bone,  900 

brain.  977 

bronchi,  591 

dura  mater  cerebralis,  911 

spinalis,  922 
ependyma,  927 
Fallopian  tubes,  841 
heart,  556 
intestine,  690 
kidney,  776 
larynx,  585 
liver,  737 
lung,  634 
lymph-nodes,  498 
mamma,  850 

male,  867 
muscle,  875 
nerves,  979 


Sarcoma  of  nose,  581 

oesophagus,  653 
ovaries,  829 
pancreas,  706 
penis,  855 
pericardium,  522  - 
peritoneum,  697 
pharynx,  651 
pia  mater  cerebralis,  921 

spinalis,  923 
pleura,  641 
prostate,  866 
salivary  glands,  700 
spinal  cord,  977,  978 
spleen,  510 
testicle,  861 
thymus,  511 
thyroid,  514 
tongue,  646 
uterus,  813 
vagina,  797 
veins,  575 
vulva,  795 
osteo-,  373 
osteoid,  901 
parosteal,  901 
periosteal,  900 
roimd-ceUed,  369 
spindle-ceUed,  368 
transplantation  of,  in  mice,  356 
Sarcoptes  hominis,  131 
Sarcosporidia,  121 
Sauerbeck f  on  aggressins,  ref.,  153 
Savin  poisoning,  422 
Sayer,  on  pneumonomycosis,  ref.,  147 
Scagliosif  on  lesions  of  myocardium  in 

diphtheria,  ref.,  283 
Scammony  poisoning,  422 
Scarlatina,  306 

excitants  of,  307 
Scarlet  fever,  308 

Scars,  post-mortem  examination  of,  990 
Schaffer^  on  islets  of  gastric  mucosa  in 
oesophagus,  ref.,  651;  on  plasma  cells, 
ref.,  74 
Scharlach  R,  injections  of,  effect  of,  352 
Schaxidinny  on  entamoeba  histolytica,  115; 

on  Treponema  pallidum,   119 
Schaudinn    and    Hoffmanrif    on    Spiro- 
chete pallida,  274 
Scharlach  R  stain  for  fat,  44 
V.  Scheibner,  on  tonsils  as  portals  of  entry 
for  tubercle  bacilli,  ref.,  650 
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Schenckf  on  sporotrichosis,  ref.,  149 

SchelleTy  on  influenza  bacillus,  ref.,  233 

Schilder,  on  glioma  of  adrenal,  ref.,  517 

Schizomycetes,  133 

Schlagenhaufer,  on  sarcoma  and  car- 
cinoma in  same  breast,  ref.,  850 

Schlegely  on  actinomycosis,  ref.,  232 

SchlesingeTf  on  streptococcus  hflemolysis, 
ref.,  209 

SchlosSf  on  blood  of  children,  ref.,  461 

Schmidt,  on  amyloid  tumors,  ref.,  646;  on 
pathology  of  bone,  ref.,  903;  on  squa- 
mous epithelium  in  prostate,  ref., 
866 

Schmidtmannf  on  carbonic  oxide  poison- 
ing, ref.,  425 

SchmoUf  on  Stokes-Adams'  disease,  ref., 
550 

Schmorlf  on  embolism  of  chorionic  celb, 
ref.,  821;  on  staining  fat,  ref.,  44;  on 
technique,  1027 

Schnarrwylery  on  phlegmonous  gastritis, 
ref.,  659 

SchdnCi  on  tissue  transplantation,  ref., 
78 

Schorr,  on  complex  tumors  of  mouth, 
ref.,  645 

Schottmiiller,  on  S.  mucosus  capsulatus, 
ref.,  221 

Schridde,  on  Giemsa's  stain,   1037 

Schridde  and  Naegeli,  on  fixation  of  blood, 
ref.,  467 

Schulte,  Huntington,  and  Carmalt,  on 
salivary  glands,  ref.,  701 

SchvUze,  on  crypts  of  Lieberkuhn,  ref., 
682;  on  cyst  of  stomach,  ref.,  666;  on 
degeneration  of  nervous  system,  954; 
on  lymphatic  leuksemia,  462 

Schvhe,  on  B.  tuberculosis,  ref.,  257 

Schwalbe,  on  malformations,  ref.,  320 

Schwann,  sheath  of,  944 

Schwarz,  on  disappearance  of  bacteria 
from  blood,  ref.,  151 

Scirrhus,  411 

ScUrose  en  plaque,  971 

Sclerosis,  amyotrophic  lateral,  956 
multiple,  of  brain,  971 

spinal  cord,  973 
of  brain,  971 

coronary  arteries,  537 
spinal  cord,  957 
posterior  spinal,  957 

Scolex,  123 


Scorbutus,  437 

infantile,  438 
Scrofula  487 
Scrotum,  cysts  of,  855 

elephantiasis  of,  855 

malformations  of,  853 

teratoma  of,  855 

tumors  of,  855 

varicocele  of,  856 
Scudder,  on  tuberculosis  of  breast,  ref., 

846 
Scurvy,  437 

Sibileau,  on  orchitis,  860 
Secretions,  internal,  427 

in  acromegalia,  438 
Addison's  disease,  433 
diabetes,  435 
exophthalmic  goitre,  432 
myxoedema,  430 
Section  cutting,  1034 
Seiffert,  on  rhabdomyoma  of  heart,  ref., 

556 
Selective  filtration,  86 
Seminal  vesicles,  lesions  of,  863 

tumors  of,  863 
Setter,  on  bacteria  in  healthy  bodies,  ref., 

150 
Senator,  on  polycytluemia,  ref.,  455 
Senility,  ref.,  36,  38 
Sensibilizing  substance,  179 
Septicemia,  152,  156,  203 

hemorrhagic,  289 

in  diphtheria,  284 
plague,  288 

post-mortem  changes,  204 
Septic  sore  throat,  211 
Septico-pyeemia,  204 
Sequestrum,  59 

of  bone,  890 
Serum,  86 

antitoxic,  164 

collection  of,  for  tests,  195 

diagnosis  of  syphilis,  277 

hemolytic,  172 

hemotoxic,  172 

hepatolytic,  174 

inactivated,  172 

injections  of,  in  carcinoma,  356 

leucolytic,  174 

nephrolytic,  174 

neurolytic,  174 

of  exudation,  86 

pancreolytic,  174 
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Serum,  reactivated,  172 
spermatolytic,  174 
therapy,  192 
in  diphtheria,  164 
meningitis,  226 
th3rreolytic,  174 
Serum-sickness,  190 
Seven-day  fever,  292 
Sex,  relation  of,  to  disease,  14 

relation  of,  to  tumor  growth,  344 
ShaWf  on  chyliform  ascites,  ref.,  692 
Sheath  of  Schwann,  944 
Sherrington,    on  elimination  of  bacteria 

in  secretions,  ref.,  151 
Shiga,  bacilliis  of,  677 
Ship  fever,  300 
Shipley   and   FeamsideSj    on    parasites, 

ref.,  123 
Shober,  on  displacements  of  colon,  ref., 

667 
Side-chain  hypothesis  of  Ehrlich,  165 
Siderosis  of  lung,  616 
SUbermann,  on  sudden  death  following 

bums,  ref.,  10 
Silberschmidtf  on  peritonitis,  ref.,  694 
Siler  and  Garrisony  on  pellagra,  ref.,  318 
SimmonSy    on    Hodgkin's    disease,    ref., 

495 
Simony  on  blood,  ref.,  470;  on  resolution 

of  exudate  in  pneumonia,  ref.,  606 
Sinus  pocularis,  dilatation  of,  792 
Sittmann,  on  elimination  of  bacteria  by 

kidney,  ref.,  761 
Skin,  blastomycosis  of,  146 
bronzed,  433 
in  yellow  fever,  302 
melano-sarcoma  of,  372 
pigmentation  of,  in  Addison's  dis- 
ease, 433 
protective  action   of,   against  bac- 
teria, ref.,  150 
tuberculosis  of,  267 
Slaughter y  on  Haffkine  method  in  plague, 

ref.,  289 
Sleeping  sickness,  118 
Smallpox,  303 

bacteria  in,  304 
excitant  of,  304 
immunization,    artificial,     in,     303, 

ref.,  304 
protozoa  in,  304 
vaccination  in,  304 
Smegma  bacillus,  267 


Smith,  A.  H.y  on  carcinoma  of  thoracic 

duct,  ref.,  576 
Smith,  Th.,  on  adaptation  of  bacteria, 
ref.,  160;  on  bacterial   association   in 
infection,  ref.,  157;  on  bovine  tubercle 
bacillus,  260;  on  parasitism  of  B.  tuber- 
culosis, ref.,  262;   on  sarcosporidia  in 
mice,  ref.,  121;  on  transmitted  immu- 
nity, 196;  on  vaccines,  ref.,  186 
Sm  thy  W.  H.y  on  chronic  adherent  peri- 
carditis, ref.,  520. 
Smith  and  Kilbourney  on  Texas  fever,  122 
Soaps,  rdle  of,  in  formation  of  fat  in  cells, 

ref.,  40 
Sobemheimy    on   anthrax,    229;    on    Tr. 

pallidum,    ref.,    275 
Soda  poisoning,  419 
Sodium  sulphate  in  Muller's  fluid,  1029 
Sokoloffy   on   adeno-carcinoma   of   liver, 

ref.,  736 
Solar  plexus,  examination,  post-mortem, 

of,  1018 
Somatochromes,  943 
Soor,  644 

Specimens,  preservation  of,  in  gross,  1039 
Spengler,    on    concurrent    infection    in 

tuberculosis,  ref.,  267 
Spermatocele,  857 
Spermolytic  serum,  174 
Spider  ceUs  in  glioma,  387 
Spina  bifida,  326,  929 
Spinal  apoplexy,  938 
cord,  928 

absence  of,  928 
amyelia,  928 
apoplectic  clots  in,  938 
artefacts  of,  928,  999 
arteries  of,  933 
asymmetries  of,  929 
atelomyelia,  928 
atrophy  of  muscle  of,  955 
blood-vessels,  lesions  of,  942 
circulatory  changes  in,  933 
cysts  of,  978 
degeneration  of,  942 
dififuse,  963 
neurone  in,  946 
primary,  955 
secondary,  953 
diastematomyelia,  928 
diplomyelia,  928 
distortions  of,  929 
embolism  of,  942 
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Spiual  cord,  examination,  post-mortem, 
of,  999,  1025 
haemorrhage  in,  938 
hffimatomyelia,  939 
haematomyelopore,  939 
heterotopia,  929 

false,  929 
hydromyelia,  929 
hydrorrhachis  externa,  ref .,  929 

interna,  929 
inflammation  of  (see  Myelitis), 
966 

injuries  of,  931 
post-mortem,  999 
lesions  of,  in  tabes,  958 
malformations  of,  928 
morphology  of,  942 
post-mortem  changes  in,  999 
preservation  of,  1001 
removal,  post-mortem,  of,  999 
sclerosis  of,  971,  973 
segments  of,  1001 
spina  bifida,  929 
structure  of,  942 
syphilis  of,  975 
syringomyelia,  978 

false,  940 
thrombosis  of,  942 
tuberculosis  of,  974 
tumors  of,  977 
vascular  changes  in,  933 
vessel  walls,  lesions  of,  942 
weight  of,  1000 
nerve  roots,  anomalies  of,  929 
paralysis,  spastic,  955 
infantile,  967 
Spiremes,  65 
Spirillum,  119, 134 

cholerse  asiaticse,  247,  249 

reproduction  of,  ref.,  135 
toxic  products  of,  250 
fever,  292 

of  Finkler  and  Prior,  250 
sputigenum,  251 
tyrogenum,  251 
Spirochete,  119 
duttoni,  293 
in  paresis,  972 
in  tumors,  119 
obermeieri,  119,  292 

in  spleen,  511 
pallida   (see  Treponema  pallidum), 
119,  274 


Spirochsete  pertenuis,  294 

recurrentis,  292 
refringens,  275 
Spleen,  abscess  of,  504 

accessory,  499,  1014 

ansemia  of,  501 

atrophy  of,  500 

cysts  of,  510 

degeneration  of,  500 

displacements  of,  499 

embolism  of,  502 

examination,  post-mortem,  of,  1013, 
1026 

hsemorrhage  in,  500 

hypenemia  of,  502 

hyperplasia  of,  504,  508 

hypertrophy  of,  62 

in  infection,  ref.,  152 

leukaemia  and  pseudo-leuksenua, 

509 
malaria,  311 
relapsing  fever,  292 

infarction  of,  31,  502 

inflammation  of  (see  Splenitis)  504 

lesions  of,  in  cirrhosis  of  liver,  728 
in  typhoid  fever,  240 

malformations  of,  499 

parasites  of,  51 1 

pigmentation  of,  501 

preservation  of,  1014 

rupture  of,  500 

sago,  500 

size  of,  1014 

syphilis  of,  506 

thrombosis  in,  503 

tuberculosis  of,  606 

tumors  of,  510 

weight  of,  1014, 1026 

wounds  of,  500 
Splenectomy,  in  splenic  anaemia,  480 
Splenic  fever,  228 
Splenitis,  chronic  indurative,  505 

hyperplastic,  504 

peri-,  507 

suppurative,  504 

syphilitic,  507 

tuberculous,  507 
Splenomegaly,  primary,  508 
Sporangium,  147 
Spores,  in  bacteria,  136 

yeast,  146 
Sporotrichosis,  149,  232 
Sporotrichum,  Beurmanni,    14:Q 
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Sporotrichum,  Gougeroti,  149 

Jeanselmei,  149 
Schencki,  149 
Sporozoa,  115,  120 
Spotted  fever,  300 

Rocky  Mountain,  301 
Sputum,  methods  of  staining, 

258 
Staining  methods,  1035 
Staphylococcus  cereus,  208 
epidermis  albus,  208 
pyogenes  albus,  208 
pyogenes  aureus,  205 
salivarius  pyogenes,  208 
Starckt  on  diverticula,  ref.,  639 
Starling,    on    internal    secretions,    ref., 

427 
St,  Arnold,  on  bony  tumors  of  breast, 

ref.,  848 
Stasis,  19 

Status  lymphaticus,  439 
Stdubli,  on  animal  parasites  in  blood,  ref., 

470 
Steele,  on  sarcoma  of  peritoneum,  ref., 

698 
Stegomyia  calopus,  302 
Steinhaus,  on  liver  infarcts,  ref.,  713 
Stengel,  on  Stokes- Adams'  disease,  ref., 

550 
Stenosis  of  aorta,  552 

mitral  valve,  553 
pylorus,  654,  662 
right  heart,  553 
Stepanow,  on  celloidin  embedding,  1032 
Sterling,    Anderson,    and    Rosenau,    on 

anaphylaxis,  ref.,  190 
Stem,  on  malignant  tumors  in  childhood, 

416 
Sternberg  on  "  Bacillus  X,"  ref.,  302;  on 

blastomycosis,  ref.,  146;  on  chloroma, 

ref.,  376;  on  lesions  of  bronchial  lymph- 
nodes,    ref.,  592;    on  tuberculosis    of 

lymph-nodes,  ref.,  491 
Stiles,  on  dissemination  of  carcinoma  of 

the  breast,  ref.,  851 
StiUman,  on  oedema  of  pia  arachnoid,  ref., 

913 
Stimson,  on  preventive  inoculations  in 

hydrophobia,  ref.,  298 
Stimulins,  181 

Stober,  on  blastomycosis,  ref.,  146 
Stokes,  on  cysts  of  vagina,  ref.,  797 
Stokes-Adams'  disease,  549 
70 


Stomach,  654 

absence  of,  654 

atrophy  of,  656 

bacteria  of,  ref.,  659 

cadaveric  changes  in,  655 

cysts  of,  666 

degenerations  of,  656 

dilatation  of,  662 

displacement  of,  662    . 

erosions,  hsemorrhagic  of,  662 

itai  mamelonni,  657 

examination,  post-mortem,  of,  655, 
1003,  1015,  1026 

foreign  bodies  in,  667 

haemorrhage  in,  655,  662,  728 

hair  balls  in,  667 

inflammation  of  (see  Gastritis),  656 

injuries  of,  655 

malformations  of,  654 

malpositions  of,  654 

preservation  of,  1016 

rupture  of,  655 

syphilis  of,  659 

tuberculosis  of,  659 

tumors  of,  662 

ulcers  of,  660 
Stomatitis,  aphthous,  644 

catarrhal,  643 

chronic,  644 

croupous,  644 

gangrenous,  644 

parasitic,  644 

phlegmonous,  644 

syphilitic,  644 

tuberculous,  644 

ulcerative,  644 
Stones,  lung,  592 
Stramonium  poisoning,  425 
Strangulation,  9 

death  from,  443 
Straus,  on  infantile  paralysis,  ref.,  969 
on    tuberculosis,    268;    on   eclampsia, 
ref.,  718 
Strawberry  marks,  394 
Streptobacilli,  135 
Streptococci,  135 

anaerobic,  ref.,  210 
Streptococcus  antitoxin,  211 

brevis,  209 

capsulatus,  209 

epidemicus,  211 

erysipelatis,  ref.,  212 

in  intestine,  678 
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Streptococcus   longis,    209 

mucosus   capsulatus,    209,    221 

in  pneumonia,  221 
phagocytosis  of,  211 
pyogenes,  209 

agglutination  of,  ref.,  210 
artificial  immunity  to,  211 
bibliography  of,  ref.,  211 
in  inflammation,  88 
viridans,  209 
Streptothrix,  136 
Stricture  of  appendix,  686 
rectum,  684 
urethra,  790 
Stroma  reaction  in  tumors,  355 
Strong f  on  amoebic  dysentery,   ref.,   116 
Strongylus  gigas,  128 
in  kidney,  781 
longevaginatus,  128 
subtilis,  128 
Struma,  513 

ovarii,  836 
Strumitis,  512 

V.  Strumpel,  on  primary  acute  polymyo- 
sitis, ref.,  874 
Strychnin  poisoning,  424 
Stuhlemf   on    B.   mucosus   capsulatus, 

ref.,  216 
Subinfection,  ref.,  151 
Sublimate,  corrosive,  as  fixative,  1030 
poisoning,  kidney  in,  51,  750,  753 
Sublingual  gland,  inflammation  of,  700 

tumors  of,  700 
Submaxillary  gland,  inflammation  of,  700 
Substance  sensxbiliaatricey  179,  183 
Suctoria,  115 

Sudan  III,  stain  for  fat,  44 
Suffocation,  9,  442 
Suggillations,  21 
Sulphuric  acid,  417 
Sunstroke,  437 
Suppuration,  89,  94,  198 
Suprarenal  bodies  (see  Adrenals),  515 

capsules  (see  Adrenals),  515 
Surra,  118 

Susceptibility  to  disease,  14 
Sutton,  introduction  to  general  pathol- 
ogy, 416 
Swelling,  cloudy,  39 

white,  25 
Symbiosis,  142 

Sy miners f  on  necrosis  of  liver,  ref.,  715 
Syncytium,  820 


Synophthalmia,  325 
Synotia,  321 
Syphilis,  270 

and  tabes  dorsalis,  962 
animal  inoculations  in,  274 
congenital,  273 

of  bone,  888 
constitutional,  272 
diagnosis  of,  274 

dioxydiamidoarsenobenzol  in,  119 
immunization  in,  275 
luetin  test,  281 
of  adrenals,  516 

arteries,  567 

bone,  881,  888 

brain,  975 

bronchi,  589 

dura  mater  cerebralis,  911 

endometrium,  807 

Fallopian  tubes,  840 

heart,  542 

intestine,  674 

kidney,  770 

larynx,  584 

liver,  730 

lung,  633 

lymph-nodes,  488 

lymph-vessels,  577 

mamma,  846 

mouth,  644 

muscle,  875 

nervous  system,  975 

nose,  580 

oesophagus,  653 

ovary,  829 

pancreas,  706 

penis,  854 

periosteum,  881 

pia  mater  cerebralis,  919 

placenta,  823 

rectimi,  683 

spinal  cord,  975 

stomach,  659 

testicle,  860 

th3anus,  511 

thyroid,  512 

urethra,  792 

vagina,  797 

veins,  575 
primary,  271 
secondary,  272 
serum  diagnosis  of,  277 
spirochetes  in,  119,274 
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Thompson  and  Leightonj  on  transplanta- 
tion of  parathyroids,  ref.,  515 
Thoracic  duct,   examination,   post-mor- 
tem, of,  1018 
lesions  of,  576 
Thoracopagus,  329 
Thorax,  examination,  post-mortem,   of, 

1001,  1024 
Thorel,  on  lesions  of  oesophagus,  ref.,  654; 
on  lesions  of  salivary  glands,  ref.,  700; 
on  lesions  of  stomach,  666;  on  regenera- 
tion of  kidney  epithelium,  ref.,  748. 
Threadworm,  128 
Throat,   septic,   211 
Thrombi,  24 

agglutinative,  26 
in  liver,  715 
alterations,  in,  27 
arterial,  26 
canalized,  26 
causes  of,  24 
degeneration  of,  27 
forms  of,  24,  26 
hyaline,  27,  48 
infective,  26 

marasmatic,  of  liver,  711 
marantic,  25 
micro-organisms    in    formation    of, 

ref.,  25 
mixed,  24 
obstructing,  26 
organization  of,  27,  95 
parietal,  26 
primary,  26 
propagated,  26 
red,  24 

secondary,  26 
simple,  26 
softening  of,  27 
solid,  26 
stagnation,  25 
venous,  26 

r6le  of  micro-organisms  in,  ref.,  25 
white,  24 
Thromboarteritis,  559 
Thrombokinase,  452 
Thromboplastin,  453 
Thrombosis,  24 

causes  of,  24,  25 
effects  of,  27 
of  adrenals,  516 
brain,  940 
coronary  arteries,  537 


Thrombosis  of  dura  mater  ccrebralis,  908 
heart,  531 
kidney,  748 
Uver,  711,  714,  715 
lung,  596 

lymph-vessels,  28,  576 
spinal  cord,  942 
splenic  vein,  503 
veins,  573 
Thrush,  147,  644 
Thymus,  51 1 

accessory,  511 

examination,  post-mortem,  of,  1025 

hsemorrhage  in,  511 

hypertrophy  of,  511 

inflammation  of,  511 

in  status  lymphaticus,  440 

malformations  of,  511 

new-bom,  size  and  weight  of,  1025 

syphilis  of,  511 

tuberculosis  of,  511 

tumors  of,  511 
Thyreolytic  serum,  174 
Thyroid,  512 

accessory,  512 

degeneration  of,  512 

examination,  post-mortem,  of,  1010, 
1025. 

extract  in  myxoedema,  430 

foetal  adenoma  of,  398,  432 

goitre,  513 

h3rper8emiiGi  of,  512 

hyperplasia  of,  513 

hypertrophy  of,  62 

in  Graves*  disease,  432 

in  myxoedema,  429 

inflammation  of,  512 

malformations  of,  512 

para-,  514 

parasites  in,  514 

regeneration  of,  72 

syphilis  of,  512 

tissue  in  ovary,  ref.,  836 

transplantation  of,  ref.,  78,  429 

tuberculosis  of,  512 

tumors  of,  513,  514 

weight  of,  1011,  1025 
Tic  douloureux,  974 
Tick  fever,  293,  301 

of  cattle,  hffimatozoon  of,  122 
Tidyt  on  post-mortem  examination,  ref^ 

989 
Ttlger,  on  cysts  of  pancreas,  ref.,  707 


Todc 
Toni 


Top] 
Ton 
Ton 
Toxi 
Toxi 


1110 


INDEX 


Tubercle,  conglomerate,  ref.,  251 
development  of,  254 
diffuse,  255 
foreign-body,  102 
forms  of,  255 
granulum,  ref.,  251 
"healed,"  622 
miUary,  251,  252,  621,  640 
polyhedral-celled,  255 
solitary,  of  liver,  733 
tissue,  ref.,  252 
Tuberculin,  diagnostic  use  of,  261 

therapeutic  use  of,  262 
Tuberculosis,  251 

agglutination  in,  261 

and  cancer,  ref.,  267 

animal,  263 

autopsy  findings  in,  ref.,  263 

bacillus  of,  251,  257 

bibliography  of,  268 

bovine,  infection  of  children  with, 

ref.,  266 
complex  factors  in,  262 
concurrent  infection  in,  266 
diffuse,  252,  255 
dust  infection  in,  265 
frequency  of,  263 
immunity  in,  262 
lesions  of,  251 
"locaUzed,"  251 
lymphoid,  255 
miliary,  generalized,  252 

localized,  251 
necrosis,  coagulation  in,  254 
of  adrenals,  516 

appendix  vermiformis,  686 

arteries,  566 

bladder,  urinary,  786 

bone,  882,  887 

brain,  974 

bronchi,  589,  591 

dura  mater  cerebralis,  911 
spinalis,  922 

Fallopian  tubes,  840 

heart,  542 

ileo-caecal  region,  682 

intestine,  673 

joints,  906 

kidney,  769 

larynx,  584 

liver,  731 

lungs,  618 

experimental,  631 


Tuberculosis  of  lymph-nodes,  486,  265 

lymph-vessels,  577 

mamma,  845 

mouth,  644 

muscle,  875 

nervous  system,  911,  922,  923, 
974 

nose,  580 

oesophagus,  653 

ovary,  829 

pancreas,  706 

parotid,  700 

penis,  854 

pericardium,  521 

peritoneum,  695 

periosteum,  882 

pharynx,  649 

pia  mater  cerebralis,  918 
spinalis,  923 

pleura,  640 

prostate,  866 

seminal  vesicles,  863 

skin,  267 

spinal  cord,  974 

stomach,  659 

testicle,   858 

thymus,  511 

thyroid,  512 

urethra,  792 

uterus,  806 

vagina,  797 

veins,  575 
predisposition  in,  ref.,  252 
pulmonary,  618 

and  pigmentation,  641 

apex  in,  631 

broncho-,  624 

cavities  in,  626,  628 

classification  of,  619 

complex  forms  of,  627 

concurrent  infection  in,  631 

diffuse,  627 

distribution  of  lesions  in,  630 

experimental,  631 

exudative,  627 

fibrous  tissue  formation  in,  630 

flies,  as  carriers  of,  ref.,  151 

focAl,  619 

healing  in,  630 
miliary,   acute,  619 
chronic,  622 

modes  of  infection,  in,  618,  620 
641 


INDEX 


nil 


Tuberculosis,  pulmonary,  secondary  le- 
sions in,  629 

statistics  of,  ref.,  263 
tuberculin,  261 
Tubes  of  Miescher,  121 

Rainey,  121 
Tubo-abdominal  pregnancy,  842 
Tumors,  336 

age  as  factor  in  growth  of,  344 
anaplasia  in,  351 
autonomy  of,  337 
bacteria  in,  347 
benign,  342 
bibliography  of,  416 
biological  origin  of,  347,  350 
cachexia  of,  343 
cell  anarchy  in,  337 
cell  inclusions  in,  347 
characters  of,  336 
classification  of,  357 

Lubarsch's,  359 
congenital,  358 
connective-tissue  type  of,  357 
degenerative  processes  in,  339 
diagnosis  of,  343 
dissemination  of,  341 
epithelial  tissue  type,  358 
etiology  of,  344 
excitants  of,  347 

intrinsic,  350 
extensions  of,  340 
fixation  of  tissue,  362 
heredity,  bearing  of,  on,  344,  354 
immunity,  artificial,  to,  356 
local  predisponents  to,  346 
malignancy  of,  342 
malignant,  342 
metastasis  of,  341,  350 
metastatic,  341 

micro-organisms  as  excitants  of,  347 
mixed,  358; 

of  parotid  gland,  700 
muscle  tissue  type,  357 
nature  and  characters  of,  336 
occurrence  and  growth  of,  344 
origin  of,  344 

Cohnheim's  hypothesis,  346, 

351 
Ribbert's  hypothesis,  351 
parasitic,  347,  355 
protozoa  in,  347 

seats  of  (see  imder  various  tissues 
and  viscera,  and  types  of  timiors) 


Tumors,  serum  injections  in,  356 
sex  factor  in  growth  of,  344 
shape  of,  340 
size  of,  340 
splenic,  504 

stroma  reaction  in,  355 
technique  of  fixation  of,  362 

transplantation  of,  356 
tissue  types  in,  338 
transplantation  of,  354  ,356 
trauma  as  factor  in  occurrence  of,  345 
vascular  tissue  type,  358 
yeasts  in,  349 
Tarky  on  "  irritation  forms  "  of  leucocytes 

462;  on  leucocytosis,  464 
Turner^  on  sarcoma  of  pia  mater  and 
spina]    cord,   ref.,   977;    on  tumor  of 
pineal  gland,  980 
Turpentine  poisoning,  422 
TiUtlCf  on  streptothrix  pneimionia,  ref., 

232 
Twins,  327 
Typhoid  carriers,  245 
fever,  234 

bacillus  of,  235 

bibliography  of,  247 

blood  in,  463 

experimental,  235 

files  as  carriers  of,  ref.,  151,  245 

inununity  to,  245 

lesions  of,  235 

appendix  vermiformis 

in,  685 
circulatory  organs  in, 

in,  242 
digestive  organs  in,  242 
genito-urinary   organs 

243 
intestines  in,  235 
liver  in,  241 
lymph-nodes,     mesen- 
teric, in,  240 
lymph-nodules  in,  235 
nervous  system  in,  243 
Peyer's  patches  in,  235 
respiratory  organs  in, 

243 
spleen  in,  240 
mixed  infections  in,  244 
para-,  247 

preventive  inoculations  in,  245 
secondary  lesions  in,  242 
septicemic  forms  of,  243 


1112 


INDEX 


Typhoid  fever,  toxsemia  in,  241 

ulceration  of  intestine  in,  237 
meningitis,  ref.,  243 
Typhus  fever,  300 
Mexican,  301 

lice  as  agents  of  infection  in, 
301 
mouse,  bacillus  of,  289 
recurrens,  292 
Tyzzer,  on  Coccidium  oviforme,  ref.,  121 

Uffenheimer,  on  permeability,  of  intestine 

wall  for  bacteria,  ref.,  681 
Uffredttzzi,  on  histology  of  undescended 

testicle,  ref.,  856 
U?ilenhuth  and   Weidam,   on   precipitin 

tests,  ref.,  182 
Ulceration,  58 

of  intestine  in  typhoid  fever,  237 
Ulcers,  58 

of  intestine,  237,  674,  675,  681,  682 
mamma,  846 
mouth,  644 
oesophagus,  651 
penis,  854 
stomach,  660 
urethra,  792 
phagedenic,  of  uterus,  803 
Ullmann,  on  tonsils,  ref.,  650 
Umbilicus,  tumors  of,  699 
Uncinaria  americana,  128 

duodenalis,  128 
Uncinariasis,  128 
Unna's  glycerin-ether  mixture,  278 

polychrome    methylene-blue    stain, 
1037 
Urachus,  malformations  of,  782 
Ureter,  carcinoma  of,  ref.,  788 
cysts  of,  774 
inflammation  of,  771 
malformations  of,  746 
Urethra,  cysts  of,  792 
dilatation  of,  790 

examination,  post-mortem,  of,  1018 
gonorrhoea  of,  792 
haemorrhoids  of,  792 
inflammation  of  (see  Urethritis),  791 
malformations  of,  790 
malpositions  of,  790 
perforations  of,  792 
polyps  of,  792 
prolapse  of,  791 
rupture  of,  791 


Uretha,  strictiu-es  of,  790 

syphilis  of,  792 

tuberculosis  of,  792 

tumors  of,  792 

wounds  of,  791 
Urethritis,  catarrhal,  791 

chronic,  792 

croupous,  792 

syphilitic,  792 

tuberculous,  792 
Urinary  organs,  746 
Urine,  typhoid  bacilli  in,  244,  245 
Uterus,  797 

absence  of,  797 

atrophy  of,  803 

bacteria  in,  ref.,  804,  809 

bicomis,  798 

chorionepithelioma  of,  820 

chorionic  villi,  820 

cysts  of,  822 

degenerations  of,  803 

dilatation  of,  799 

displacements  of,  800 

double,  798 

elevation  of,  801 

enlargement  of,  799 

examination,  post-mortem  of,  1019, 
1026 

flexions  of,  800 

hsematocele,  803 

hsematoma,  polypoid,  of,  803 

hsematometra,  800 

haemorrhage  of,  802 

hernia  of,  802 

hoiu--glass,  799 

hydrometra,  799 

hyperaemia  of,  802 

hyperplasia  of  mucous  membrane, 
glandular,  805 

infantile,  1020 

inflammation  of  (see  Endometritis 
and  Metritis),  804,  807 

inversion  of,  802 

Langhans'  cells,  820 

malformations  of,  797 

malpositions  of,  800 

parasites  of,  822 

perforation  of,  802 

placenta,  lesions  of,  822 

polyps  of,  803,  810 

position  of,  1019 

pregnant,  inflammation  of,  808 

prolapse  of,  801 


INDEX 


1113 


Uterus,  rupture  of,  802 
size  of,  1020 

changes  in,  798 
8)mcytium,  820 
83rphilis  of,  807 
tuberculosis  of,  806 
tumors  of,  809 
ulcer,  corroding,  of,  803 
versions  of,  800 
wei^t  of,  1020 

Vaccination,  304 
Vaccine  bodies,  305 
Vaccines,  bacterial,  186 

in  acute  lobar  pneumonia,  220 

pneumococcal,  220 
Vaccinia,  304 
Vacuole,  45 
Vacuolization,  45 
Vagina,  795 

absence  of,  795 

bacteria  in,  79;  ref.,  804 

closure  of,  795 

cystocele,  795 

C3r8ts  of,  797 

dilatation  of,  795 

double,  795 

examination,  post-mortem    of,  1019 

fistulffi  of,  796 

gangrene  of,  797 

hernia  of,  795 

inflammation     of     (see     Vaginitis), 
796 

lengthening  of,  795 

malformations  of,  795 

malpositions  of,  795 

narrowing  of,  795 

parasites  in,  797 

perforation  of,  796 

prolapse  of,  795 

syphilis  of,  797 

tuberculosis  of,  797 

tumors  of,  797 

wounds  of,  796 
Vaginitis,  796 

catarrhal,  796 

gangrenous,  797 

suppurative,  797 

syphilitic,  797 

tuberculous,  797 
Valsalva,  sinus  of,  aneurism  of,  530 
Van  Gehnckterif  on  nervous  system,  ref., 
942 


Van    Gieson,    on    artefacts    of   nervous 

system,  ref.,  928;  on  hffimatomyelopore, 

ref.,  939;  on  post-mortem  examination 

of  brain,  ref.,  998;  on  sunstroke,  437 

Van    Gieson^s   picro-acid-fuchsin   stain, 

1035;  stain  for  Negri  bodies,  ref.,  297 
Varices,  oesophageal,  651 
Varicocele,  856 
Variola,  303 
Varix  aneurismal,  569 

lymphatic,  filarial,  ref.,  130,  576 
Vaug?ianf    on    alkaloidal    poisons,    ref., 
425; 

on  spread  of  typhoid,  ref.,  245 
Vaitghan  and  Novy  on  cellular  toxins,  ref., 

152 
de  Vecchif  on  tuberculosis  of  adrenals,  ref., 

434 
VeddeVy  on  beri-beri,  ref.,  318 
Vein  stones,  27 
Veins,  572 

anastomosis  of,  18 
calcification  of,  573 
degeneration  of,  573 
dilatation  of,  572 

about   umbilicus,    in    cirrhosis, 
728 
hepatic  lesions  of,  714 
inflammation  of  (see  Phlebitis),  573 
obstruction  of,  18 
parasites  of,  575 
perforation  of,  573 
portal  lesions  of,  711 
rupture  of,  573 
syphilis  of,  575 
thrombosis  of,  573 
tuberculosis  of,  575 
tumors  of,  575 
lunbilical,  lesions  of,  712 
varicose,  in  labia,  793 
woimds  of,  573 
Veitf  on  chorionic  cells,  ref.,  821 
Vena  cava,  thrombosis  of,  573 
Venom,  animal,  153,  424 
Ventricles  of  brain,  lesions  of,  924,  925 

tumors  of,  927 
Veratria  poisoning,  422 
Verploeghf  Kehrer^  and  v.  Hoogenhuyze,  on 

Hodgkin's  disease,  ref.,  497 
Vibrio  cholerse  asiaticse,  247,  249 
Massawah,  251 
Metschnikovi,  251 
proteus,  250 


1114 


INDEX 


Vierordtj  on  weight  of  viscera,  etc.,  ref., 

990 
Vincent,  on  angina,  ref.,  293 
Vincent's  angina,  293 
Vincent,  on  internal  secretions,  ref.,  427 
Virchow,  on  tumors,  416 
Virus,  fixed,  295,  297 

of  hydrophobia,  295 
Viscera,  changes  in,  following  extensive 
bums,  ref.,  10 

weight  of,  ref.,  990 
Vitamihes,  318 

Vogelf  on  accessory  lung,  ref.,  593 
Volkmanny  on  mixed  tumors  of  salivary 

glands,  ref.,  701 
Voluntary  muscle,  868 
Volvulus  of  intestine,  668 

Meckel's  diverticulum,  ref.,  667 
Von  Jaksch  anaemia,  479 
Von  Pirquet  and  Schick,  on  anaphylaxis, 

191 
von  Volkman,  on  endothelioma,  ref.,  380 
Vo88,  on  B.  pyocyaneus,  ref.,  215 
Vulva,  793 

condyloma  of,  794 

cysts  of,  795 

elephantiasis  of,  794 

erysipelas  of,  794 

examination,  post-mortem,  of,  1019 

gangrene  of,  794 

haemorrhage  of,  793 

hypersemia  of,  793 

inflammation  of,  793 

malformations  of,  793 

noma  of,  794 

oedema  of,  793 

syphilis  of,  794 

tuberculosis  of,  794 

tumors  of,  794 

varicose  veins  in,  793 
Vulvitis,  793 

Wachenheim,  on  pyloric  stenosis,  ref.,  655 

Wadaworth,  on  experimental  pneumonia, 
218;  ref.,  614;  on  mouth  disinfection, 
ref.,  219;  on  pneumococcus  infection, 
ref.,  220;  on  puerperal  infection,  ref., 
809;  on  staining  D.  pneumoniae,  ref.. 
218;  on  staining  encapsulated  pneumo- 
cocci,  ref.,  220 

Wagener,  on  intestinal  tuberculosis,  ref.. 
674 

Walker,  on  renal  tuberculosis,  ref.,  770 


Walker  and  Smjt,  on  Wassermann  re- 
action, ref.,  278 

Waller,  law  of,  947 

Ward,  on  influence  of  parasites  on  host, 
ref.,  123;  on  th3rroid  and  pregnancy, 
ref.,  512 

Warfield,  on  carcinoma  of  male  breast, 
ref.,  867;  on  meningococcus  endocar- 
ditis, ref.,  545 

Warrington,  on  structural  alterations  in 
nerve  cells,  948 

Warthin,  on  accessory  adrenals,  ref.,  515; 
on  carcinoma  of  gall-ducts,  ref.,  743; 
on  emboli,  29;  on  fatty  degeneration  of 
heart,  ref.,  535;  on  hsemolymph-nodes, 
ref.,  497;  on  multiple  carcinoma,  ref., 
404;  on  pancreas,  ref.,  706 

Warthin  and  Coxvie,  on  placental  and 
congenital  tuberculosis,  ref.,  265 

Wa^chkewitsch,  on  lesions  of  diphtheria, 
ref.,  283 

Washboum,  on  infective  endocarditis, 
ref.,  545 

Wasielewski,  on  vaccine  bodies,  ref.,  305 

Wassermann,  on  congenital  transmission 
of  infectious  agents,  ref.,  151;  on  mixed 
infections,  ref.,  157;  on  nature  of  infec- 
tion, ref.,  156;  reaction  in  syph- 
ilis, 277 

Watson,  on  Negri  bodies,  ref.,  296 

Walters,  on  preparation  of  museum 
specimens,  ref.,  1039 

Waizold,  on  adenoma  of  hver,  ref.,  736 

Weaver,  on  agglutination  of  streptococci, 
ref.,  210;  on  anaphylaxis,  ref.,  190 

Weber,  on  changes  in  the  blood,  ref.,  456 

Wechsberg,  on  action  of  tubercle  bacil- 
lus, ref.,  253 

WeichseWaum  and  Ghon,  on  meningo- 
coccus, ref.,  225 

Weidenreich,  on  fixation  of  blood,  ref., 
467;  on  l3rmph-nodes,  ref.,  73;  on 
lymph-nodes,  ref.,  481 ;  on  plasma  cells, 
ref.,  74 

Weigert,  on  immunity,  196;  on  origin  of 
timiors,  ref.,  351 ;  on  tumor  of  hypo- 
physis cerebri,  980;  on  tumor  of  pineal 
gland,  980 

Weigert's  stain  for  bacteria,  144 
stain  for  nerve  tissue,  981 

Weil,  on  anaphylaxis,  191 

Weinberg,  on  tuberculosis  and  cancer, 
ref.,  267 


J 


INDEX 


1115 


Weir,  on  duodenal  ulcers,  675 

Weiss  J  on  bacteria  in  stomach,  ref.,  659; 
on  intestinal  bacteria,  ref.,  681 

Welchf  on  adaptation  in  pathological 
processes,  ref.,  110;  on  agglutinative 
thrombi,  ref.,  27;  on  B.  aerogenes  cap- 
sulatus,  289,  290;  on  bacteria  of  body 
surfaces,  ref.,  150;  on  cardiac  hyper- 
trophy, ref.,  550;  on  carcinoma  of 
stomach,  664;  on  cirrhosis  hepatic 
anthracotica,  ref.,  730;  on  fat  emboUsm,  * 
ref.,  469;  on  gastric  ulcer,  660;  on  im- 
munity, 196;  on  pulmonary  oedema, 
ref.,  595;  on  staining  D.  pneumonise, 
220;  on  thrombosis  and  embolism, 
ref.,  28;  on  venous  thrombosis,  ref., 
573 

Weleminoskyj  on  bronchial  lymph-nodes, 
ref.,  592 

Welker^  on  technique  of  opsonic  work, 
ref.,  188 

WelleTf  on  carcinoma  of  bronchi,  ref., 591 

Wells  J  on  autolysis,  ref.,  60,  107;  on  calci- 
fication, ref.,  52;  on  chemical  pathology 
ref.,  426;  on  fat  necrosis  of  pancreas, 
lef.,  704 ;  on  infarcts,  ref.,  30;  on  nutri- 
tion, 9;  on  proteolytic  enzymes,  ref., 
103 

Wells  and  Scott ^  on  paratyphoid,  ref., 
247 

Werigoy  on  disposal  of  bacteria  in  blood, 
ref.,  151 

WestenhoeffeTf  on  cerebro-spinal  menin- 
gitis, ref.,  225;  on  mode  of  infection 
by  B.  tuberculosis,  ref.,  264;  on 
plethora,  ref.,  455 

Wharton's  duct,  dilatation  of,  700 

WheelcTt  on  viability  of  typhoid  bacillus, 
ref.,  245 

Whipham,  on  carcinoma  of  appendix 
vermiformis,  ref.,  690;  on  mediastinitis, 
ref.,  636 

WhipplCf  on  intestinal  lesions  in  typhoid 
fever,  ref.,  240;  on  nodular  colitis,  ref., 
680 

Whipple  and  Sperry,  on  chloroform  liver 
necroses,  716 

Whipworm,  128 

Whitey  on  blood  in  septicaemia,  ref.,  205; 
on  S.  pyogenes  aureus  in  skin  lesions, 
ref.,  208;  on  toxsemia  of  pregnancy, 
ref.,  718 

"White  swelling,"  25 


Whooping-cough,  317 

Wichmannf    on    amyloid    degeneration 

ref.,  50 
Wiener^  on  melano-sarcoma  of  rectum, 

ref.,  690 
Wieself  on  arterio-sclerosis,  ref.,  564;  on 

lesions  of  coronary  arteries,  ref.,  537 
Wiesner,  on  lesions  of  coronary  arteries, 

ref.,  537 
Wilder f  on  sarcoma  x)f  bladder,  ref.,  786 
Williams f  on  B.  diphtheria,  ref.,  285;  on 

bacteriology  of  vagina,  ref.,    804:   on 

placental  infarcts,  ref.,  823;  on  plasma 

cells,  ref.,  74;  on  sarcoma  of  pericar- 
dium, ref.,  522 
Williams  and  Lovodeny  on    parasites  of 

scarlatina,  ref.,  307;  on  staining  Negri 

bodies,  296 
Willis,  circle  of,  933 
WUmSy  on  teratoma  of  ovary,  ref.,  837;  on 

teratoma  of  testicle,  ref.,  863 
Wilson,  on  cell  development,  ref.,  68;  on 

mitosis,  ref.,  67 
Wilson  and  Chowning,  on  infective  agent 

iji  Rocky  Mountain  fever,  301 
Wilson  and  KaUeyer,  on  melano-sarcoma 

of  skin,  ref.,  372 
Wilson  and  Willis,  on  mixed  tumors,  ref. , 

701 ;  on  tumors  of  kidney,  ref.,  777 
Winkler,  on  cysts  of  appendix,  ref.,  686; 

on  tuberculosis  in  children,  ref.,  263 
WintemUz,  on  tuberculosis  of  spleen,  ref. 

507 
WiUe,  on  perforation  of  aorta,  ref.,  557 
Wladimiroff,  on   characters  of  glanders 

bacillus,  ref.,  227 
Wohlgemuth,  on  ferments,  ref.,  139 
Woglom,  on  tumors,  ref.,  68 
Wolbach  and  McKee,  on  trachoma  bodies, 

ref.,  308 
Wolbach,  on  filterable  viruses,  ref.,  134; 

on    lesions    in    x-ray    examinations, 

ref.,  11;  on  rhabdomyoma  of  heart, 

ref.,  556 
Wolbach  and  Ernst,  on  bovine  tubercle 

bacillus,  ref.,  260 
Wolff-Eisner,  on  anaphylaxis,  191 
Wollstein,    on    bacilli    from    whooping- 
cough,   ref.,  317;  on  B.  influenzae,  ref., 

234;  on  tuberculosis  in  children,  ref., 

265 
Wollstein  and  Meltzer,  on  experimental 

pneumonia,  ref.,  614 


1116 


INDEX 


Wood,  F.  C.f  on  blood,  ref.,  470;  on  D. 
pneumoniae,  ref.,  219;  on  poisoning  by 
nitric  acid  fumes,  ref.,  418;  on  stain  for 
blood,  317;  on  viability  of  D.  pneu- 
monisB,    218;    on    tumors  of    salivary 
glands,  ref.,  380 
Wood,  O.  B,,  on  faucial  tonsils,  ref.,  649; 
on   tonsils    as    portals    of    entry  for 
tubercle  bacilli,    ref.,   650;  on   tuber- 
culosis of  parotid,  ref.,  700 
Woodman  and  Tidy,  on  poisons,  425 
Wool  sorter's  disease,  228 
Woolley,  on  tuberculosis  of  aorta,  ref.,  567 
Wormley,  on  poisons,  425 
Worms,  123 
guinea,  130 

method  of  study  of,  131 
pin,  127 
round,  126 
tape,  123 
thread,  127 
whip,  128 
Woimds,  granulation   tissue  in,   signifi- 
cance of,  ref.,  152 
healing  of,  91 

post-mortem,  appearance  of,  990 
Wright  blood  stain,  468 

method    of   collecting    serum,     195 

method  of  making  frozen  sections, 

1028 

Wright,   A.,  on  opsonins,   ref.,    187;  on 

opsonic  technique,  188;  on  preventive 

inoculation  in  typhoid  fever,  ref.,  246 

Wright,  J.  H.,  on  absorption  in  tonsils,  ref., 

649;  on  actinomyces-like  structures  in 

tonsillar  crypts,  ref.,  649;  on  biology  of 

actinomyces,  ref.,  232;  on  blood  plates, 

466;   on    Madura    foot,  ref.,  232;   on 


multiple  myeloma,  ref.,  902;  on  nasal 

polypB,  ref.,  580 
Wright  and  Douglas,  on  opsonins,  183 
Writer's  cramp,  950 
Wrzosek,  on  infection,  ref.,  151 

Xerosis  bacillus,  285 
Xiphopagus,  329 
X-rays,  lesions  from,  11 

Yaws,  293 
Yeasts,  133,  146 

in  fermentation,  146 

tumors,  349 
methods  of  study  of,  149 
Yellow  fever,  301 

excitant  of,  302 
lesions  of,  301 
mode  of  infection  in,  302 
mosquitoes  and,  302 
Yersin's  anti-plague  serum,  289 
Young,  on  gonorrhcea,  ref.,  221;  on  nerves 
in  tumors,  ref.,  338 

Zahn,  on  ciliated  cysts  of  pleura,  ref.,  642; 
on  cysts,  ref.,  361 ;  on  statistics  of  intes- 
tinal tuberculosis,  ref.,  674;  on  stenosis 
of  oesophagus,  ref.,  652;  on  tumors  of 
mediastinum,  ref.,  636 

Zenker's  degeneration  of  muscle,  ref.,  872 
fluid,  1030 

Ziegler,  on  Hodgkin's  disease,  ref.,  495; 
on  lesions  of  bones  and  joints,  ref., 
907;  on  tumors,  416 

Zinsser,  on  leucocyte  extract,  ref.,  189 

Zoogloea,  ref.,  135 

Zuher,  on  bronchial  lymph-nodes,  ref.,  592 

ZunU,  Ldwy,  Midler,  and  Caspari,  on 
polycythsemia,  ref.,  455 


OOUNTWAY 


Hc  sdsd  y. 


•JL1t14.1        _ 


1914 


3  2044  045  039  880 


